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2420-532508EA/042
LIEOJIUTHBE AICOPBEHTH C BOJBIIOM BHEIHEN [OBEPXHOCTBIO, CIIOCOE MX
[IOJIVUEHUSA U UX [MIPVMEHEHUE
OIIMCAHUE

300peTeHMe OTHOCUTCA K ancopbeHTaM B BuUIe aIlJiIOMepaToB,
comepXxamyx  LLeOJIUT TUIla bpoxazuTa, opruyeM  aOCOpOEeHTH  MMeT
3HAUMTEJILHYI BHEMHIK I[IOBEPXHOCTEL, XapaKTepulyeMykl II0 aacopbuumn
asoTa, OBLUHO 6Gojee 20 M2/T, OpennouYTuTesIbHO oT 40 M2/T mo 200
M2/ T

HacTosamee wu300peTeHMEe OTHOCHMTCSA TaKXe K crHocofy IIoJydeHUS
YKaB3aHHEIX IEeOJIMTHHX angcopbeHToB ¢ OOJIbIOV BHEMHEeM II0BEePXHOCTLIO,
a TakKXe K WUX IIPUMMEHEHMI IJIA pas3lelJIeHMd TIa3000pa3HBX WM XUIKUX
M30OMEPHEIX CMecel, 0oJiee KOHKPETHO KCUMJIOJOB, U, B UYacCTHOCTM, IJA
[IOJIyYEHU I OUeHb YMCTOTO napakCcuioa nus3 apoMaTHU4IeCKOT'O
YTJIEBOOOPOOHOTO CHPLSA, COIEepXalmelo M30OMEPH C 8 aToMaMu yIJlepola.

[lpyiMeHeHMEe 1EeOJIMTHHX aIcopDeHTOB, COCTOAMMX W3 1LEeOJIMTOB
doxazmurTa (FAU) tmna X wiam Y, coIepXalMx, Hapsaly C KaTuOoHaMM
HaTpMsa, WMOHHE Oapusda, Kajlusd WIM CTPOHUMSA, I[I0 OTIOEJIBHOCTM WJIM B
CMeCHX, IoJIA CeJIEKTUBHOM ancopbumnmn napakcuioa nu3 cMecCHu
apoMaTHUUYeCKMX YIJIEBOOOPOILOB, XOPOWO M3BEeCTHO B IJaHHOM o06JacTu
TEeXHUKN .

[TaTeHTH Us3558730, Us3558732, Us3626020 u UsS3663638
[IOKAa3EBAalT, UYTO LEeOJIMTHHE aOCcopbeHTH, CcomepXalue aJioMOCUIIMKATH
Ha OCHOBe HaTpusa u Oapusa (US3960774) wmiamM Ha OCHOBe HaTpusa, Oapusa
U kaJdusga, >00eKTHMBHHE IJIS BHIOEJIEHMA HapaKCcujoJla, IIPUCYTCTBYKRIETO B
apoMaTHueckmx OQpakumax C8 (PpakKUMAx, COOepXallMX apoMaTUUeCKMre
YTJIEBOOOPOOE C 8 aToMaMu yIJiepola) .

AncopOeHTH, OINMCaHHEHEe B HaTeHTe US3878127, WMCHOIB3YKRTCS Kak
CpeIlCcTBa IJd ancopbluM B XMIOKOQA3HEIX IIpOlleccax, IIPeOlodTUTeJIEHO
TUIIa [IPOTMBOTOUHOTO IICEBIOIBMXYIETOCH CJIOSA, OJM3KMX K IIpolleccam,
ONMCAaHHEM B IaTeHTe US2985589, KOTOpHEe IIPUMEeHAKTCs, Hapany C
IpoYMM, K apoMaTUMUeCKMM o¢pakumam C8.

B [IEPEUYNCJIIEHHBIX BHINIE naTeHTax LEOJIMTHEIE ancopOeHTH
HaxoOosaTCcd B BUIOEe KPUCTaJJIOBE B (QOpMe TIIOpollKa WM B  QopMe
anJioMepaToRB, COCTOAMMX B OCHOBHOM U3 [opoukKa LLeoJInTa u

comepxamux 0o 20 BecC.% MHEPTHOI'O CBA3YIIETO.



CuHTe3 LeoJiuTOB FAU OCYIeCTBJSOT OOBUHO IOIYTEM HYKJealuur U
KpUCTaJIM3aluuKY aJIOMOCMJIMKATHEIX TeJjle. OTOT CHMHTe3 I[IPUMBOIOUT K
IOJIYUEHNMI0O KPUCTAJIJIOB (Kak I[IpaBUJIO, B BMIe IIOpOllKa), IIPMMEeHeHUEe
KOTOPEIX B [IPOMEIIJIEHHOM MacmTabe BeCbMa 3aTPYOHUTEJIEHO
(3HaAUMTEJILHEE noTepu CHIPE 4 opu MaHUIYJISUMax) . [TosTOMYy
OPennouuTanT alJIOMEPMPOBAHHEE GOPMH D2TUX KPUCTAaJJIOB, B BUIe
3epeH, BOJIOKOH UM IOpPpYyTMUX alJIoOMepaToRBR, IOIpuUueM YyKa3aHHBEe (QOPME
MOTYT OHBTH IIOJIYUEHH BKCTPpYy3Uel, TpaHyJisumer,  paclbleHrueM U
IPYITVMM  MeTOoIaMu arJjioMepalumum, M3BeCTHEMA CneumaJucTy . STH
arnJioMepaTH  He MET HEeOOCTaTKOR, IIPUCYIMX IIOPOmMKOODOPa3HEM
MaTepMajlaM.

C IOpyIoM CTOPOHH, KPUCTAaJJIH LeOoJIMTOBR ualle BCeTro IIoJydalT U3
BOOHHX HATPUEBEX PAaCTBOPOBR (HalpuMep, BOIHEM pPacCTBOP I'MIPOKCHUIA
HaATPUA) , OpM  XKeJJaHMM  KAaTMOHH  HATPUA  MOTYT OBITE 3aMeHeHE
(0BMEeHeHE) , IOJIHOCTBK WJIM YaCTHMYHO, Ha IpYyI'Me KaTMOHE, HalpUMep,
Bapusa mam OGapusa M KaJud. OTOT KAaTMOHHHEM 0OMeH MOXeT IIPOBOIOUTLCH
KJIACCUUECKMMMY MeTOoIaMM, M3BeCTHEMM CHelMalucTy, Iepen U/UiKU
[IocJjie armJioMepaluuy IOopOoKoofpas3HOoT'O LeoJiMTa C  alJlIOMepalVOHHBEM
CBA3YIMM.

ArJjioMepaTH, OyOb TO B BMIe IIJIACTMHOK, IapMKOB, DSKCTPyIdaTOB
M OpyTroro, OOBUHO COCTOAT M3 KPUCTAJJIOB LEOJIMTOB, IpelCTaBJIAKRINX
cobom DJIEMEHT, aKTUBHEIM B OTHOIIEHUM amcopbumnun, u
arnJIoMepalOHHOTO CBA3YKIETO. 370 arJioMepallMOHHOE CcBA3YyIIEee
IpelHa3HaueHO of0ecneunuTs KOoTe3uKw KPMCTaJJIOB IOpyr' C IOPpyT'oOM B
arJIOMeEPUPOBAHHOM CTPYKTYPEe, HO OHO OOJDKHO Takxe 00ecClIeuMuThb
OOCTATOUHYK MeXaHMUYEeCKYI I[IPOYHOCTH YKa3aHHEIM aTlJloMepaTaM, UYTOoOH
IpedoTBPaTUTL WJIM 10 MeHbIleM Mepe CBeCTM K MUHMMYMY, HaCKOJBLKO
5TO BOBMOXHO, PHUCKM TpellrH, HaIJIOMOB WM PAa3PHBOB, KOTOPHE MOTYT
BOBHUKATEL MIPpY ¥X [OIPOMHIIJIEHHOM IIPpUMEeHeHUM, KoT'Ia aTJioOMepaTH
IoOBepranTca MHOTOUMCJIEHHEM HalpsSKeHMAM, TakKuM, Kak Bubpauuwu,
CHUJILHEIE M/UJIM YacThHe KoJie®aHUud OaBJIeHMM, IBWKEeHMS UM T.I.

[lolydyeHre 3TUX alJIOMEPATOB COBEepNlaeTCsa, HalpuMep, I[IyTeM
3aMemrBaHMag KPUCTAaJJIOB 1LeoJiMTa B QopMe IIopomKa ¢ TJIMHUCTOM
Macco¥, B IOpomnopumuax nopsigka 80-90 Bec.$% mnopomka LeosnTa Ha 20-
10 Bec.% CBA3YKIETIO, a 3aTeM IIpuIaHud QOPMEl WaAPUKOB, ILJIACTUHOK

WM BKCTPYIaTOB, U IIYyTeM BHCOKOTeMIepaTypHOV TepMooOpaboTky IJid



oBXKMI'a TJIMHEL M pPeakKTHMBallMM 1LIeoJIMTa, IIPYM 2TOM OIVMH WM HECKOJIBKO
KaTMOHHEIX OOMEeHOB, Kak, HalpuMmep, OOMeH Ha Oapuy, MOTYT OHTH
OCYIEeCTBJIEHH IIepel W/MIM IIOCJe aTlJioMepalry IOPOomMKOoOOpa3HOTO
LeoJIMTa CO CBA3YIMM.

[losyyaioT LeOoJIMTHEHE MaTepMralJkl C pPas3MepoOM 3epeH HeCKOJIBKO
MUWIJIMMETPOBR M HOaxe I[IopAldKa MAJIJIMMEeTpa, KOTOPEEe, eClM BHOOP
arnJIoOMepalMOHHOTO CBA3YKIET o u TPaHyJIALUNA [IPOBOOMIICSH Kak
[IOJIOXKEHO, VMEIT COBOKYIIHOCTEL  YIOBJETBOPUTEJILHEX  CBOMCTB, B
YaCTHOCTH, MIOPUCTOCTE, MexXaHMUeCKyln IPOYHOCTE, CTOMKOCTL K
ncTupaHuio. OOHAKO aIcopOUMOHHEHE CBOMCTBA STUX alJioMepaTOB SBHO
CHWXEHEl IO CpaBHEHMIK C MCXOIOHBM AaKTMBHEM I[IOPOMKOM M3-3a
IPUCYTCTBMSA alJIOMEPALMOHHOTO CBA3YKIETO, MHEPTHOTO B OTHOIEHUU
amcopdbumnn.

Yxe nOpenjaraliMCbhb pPas3JIMUHEIE CPeICTBa NIJd YCTpPpaHeHMS TOoTOo
HegoCcTaTKa, 4YTO alJIOMepallMOHHOEe CBA3YKIlee HABJIAEeTCHS WMHEPTHHM B
OTHOIEHUN ancopbunn, cpenu DTUX CpencTB MOYXHO Has3BaTh
IpeBpalleHre BCer'O WMJIM II0 MeHbBIelM Mepe UYacTUM aTlJIOMepallMOHHOTO
CBA3YyHIMEero B LeOoJMT, AaKTHMBHHEM C TOUKM 3peHusa ancopdbumm. B
HacTosdllee BpeMd 5BTa ollepalusda XOpOollo M3BEeCTHa ClelualiMcTaM,
HallpyMep, OO Ha3BaHMeM "UeommuTmszaumda". Oiad Toro dYTOOH JIETKO
OCYIIECTBUTHL 2Ty orepaumo, VCIIOJIE 3YIOTCH LEeOJIUTUBUPYIIINEC S
cBA3ylMMe, UYale BCcero OoTHocAmMecsa K CceMeMCTBY KaoJIMHUTa, WU
OpenlIouTUTEeJIbHO IIpeOBapuTeJIbHO OB OoXKeHHEIE npu TeMIIepaTypax,
OOBUHO cocTaBJgmMx oT 500°C mo 700°C.

[laTeHTHad 3asaBKa FR2789914 OIIVCEBAET crioco®  IoJiyuyeHUud
aTJioMepaToOB LieoJiMTa X C aTOMHEM OTHOmeHMeM Si/Al B MHTepBajle OT
1,15 mgo 1,5, mnoBeprHyTHX o0OMeHY Cc OapMeM M, BO3MOXHO, C KaJlMeM,
NIyTeM aTJlIoOMepalrM KPUCTAaJIJIOM ILeoJiMTa X CO CBA3YHIMM, WMCTOUYHMKOM
OKCHIa KpeMHMS U KapOOoKCHUMeTMJILEeJJIJI030M, a 3aTeM LeoJUTHU3aluU
CBA3YHIEeTro IIyTeM IIOTPpYyXeHMS alJioMepaTa B IeJIoOUHOM pacTBop. Illocie
KaTMOHHOTO OOMeHa I1e0JIMTa Ha WMOHH 0Oapud (M, BO3MOXHO, KaJud) U
[IocJie aKTHMBalMM I[IOJIYUYEHHHE alJIOMepaTH MMEKRT YJIYyUJlleHHBEEe, C TOUKMU
3peHUd ancopbumMM IapaKCcuioJa, comepxamerocsa B apoMaTUUeCKMX
bpakumax C8, cCBOMCTBa IIO CpaBHeHUI C ancopbeHTaMy, I[IOJIYUYeHHEMH,

MCXOOA M3 TaKOoI'o Xe KoJMuecTBa LeosiMmTa X UM CBA3yKIEro, HO Inpn



5TOM 0e3 LeOUTU3aLUUM CBA3YKIETO.

I[IoMMMO  [OBBIIEHHOM  aOCOPOUMOHHOM  CIOCOOHOCTM UM  XOpPOIEeMN
CEJIEKTMBHOCTM II0 OTHOUEHMUID K BEIeCTBY, KOTOpPOe HYXHO BHIOEJUTL U3
PeakKLMOHHOM CMecCcH, aIOCcopOeHT IOOJIKEeH MMEeTh XOpollMe XapaKTepUCTUKU
MaCCOIlepeHoca, UTOOH TapaHTUPOBAThE DOCTaTOYHOE UMCJIIO
TEeOpeTUUEeCKUX TapeJlIoK IJig IJOCTUXeHMA DOOPeKTUMBHOTO pa3melJieHUs
BemecTB B CMeCcH, Kak ykas3pBaeT Ruthven B paboTe oo Has3BaHMEM
"Principles of Adsorption and Adsorption Processes", John Wiley
& Sons, (1984), pp. 326, 407. Ruthven vykaszsmHBaeT (Tam  xe,
cTpaHulla 243), UYTO B CJydyae alJIOMEPMPOBAHHOTO alcopBeHTa IIOJIHHM
MacCCOIlepeHOC 3aBUCHUT, KpoMe TOoTro, OT BHYTPUKPUCTAJIJIMUECKOTO
I1MOOY3MOHHOTO CONPOTUBJIEHUS U OT IUGOY3UMOHHOTO CONPOTHUBRIIEHUS
MeXIy KpUCTaJlJlaMu.

BHY TPUKPUCTAJJIMUIECKOE 11ddy3MOHHOE CONPOTHUBRIIEHNE
IPOTIOPLMOHAJIEHO KBaOpaTy IMaMeTpPOB KPpUCTAJIJIIOB u oBpaTHO
IPOTNIOPLMOHAJIEHO BHYTPUKPUCTAIIMUECKOMY  KondduumreHTy  mIudbdysmumu
paslelIseMEX MOJIEKYJI.

Uro kacaeTcd IIUGOY3SMOHHOTO COIPOTUBIIEHMS MeXOy KpUcTaJlJlaMu
(HasEBaeMoTO TaKxe " CONMPOTUBIJIEHUEM Makponop"), OHO
IIPOIIOPLMOHAJIBHO KBampaTy IMaMeTpPOB arJjoMepaTosB, 00paTHO
[IPONOPLUMOHAJILEHO IIOPUCTOCTM, 3aKJIIOUEeHHOM B MaKpollopaxX M Me30Iopax
(To ecTb IHopax, PACKPHTUA  KOTOPHEX  OoJiblle 2  HM) BHYTPU
amjioMepaTa, ¥ 00paTHO IIPOHOPLUMOHAJIEHO Ko3doulMeHTaM 1Iuddby3mm
MOJIEKYJI, KOTOpHEe TpebyeTcs BHIOEJIUTHL B 2TUX IIOpax.

PasmMep arJoMepaToB ABJIAETCH BaXHBIM napaMe TpoM s
IPMMEHMMOCTM alcopbeHTa B IPOMBIIJIEHHOCTHM, TakK KakK OH OlIpenesigeT
IOTepl HOaBJIEeHVS B [IPOMBILJIEHHOWM YCTaAHOBKE M ONHOPONHOCTL 3BaCHIIKU.
[IosTOMYy TpPaHyJIOMETPUUECKOEe paclHpenelieHrMe IOJDKHO OHThE Y3KUM U
VMMEeTL CpeOHEeUMCJIEHHHEe OUaMeTpH OOHUHO B MHTepBajle oT 0,40 MM 1o
0,65 MM, UTOOH mu30eXaTb UpPEe3MEePHHX [NOTepb HOaRJeHMsa. I[IOPUCTOCTL,
comepXxamasacsa B MaKpolopax WM  Mesolopax, He @HaeT BKJal B
aICOpBOLUMOHHYK  eMKOCTE. CllemoBaTeJIbHO, crelMaJiMCT  He ByneT
CTPEeMUTLCS €&  yYyBeJIMUMBAaTh B LeJax CHMXeHud  OUOGOY3MOHHOTO
CONPOTHUBIIEHUSA MaKpOIIOp, 3Had, 4YTOo 2T0 OyIoeT NPOUCXOIMUTE B ymepd
00BEeMHOM anCopBOIMOHHOM &MKOCTMH.

ELiYele)= OLL€HNTb YIIYUIIeH e KVMHETVMKNM MacCCOIlepeHOCa, MOXHO



VCIIOJIL30BATE TEOPMI0 TapeJiok, ommcaHHyion Ruthven B "Principles of
Adsorption and Adsorption Processes", 1bid., pages 248-250. 3ToT
[IOOXOX OCHOBaH Ha I[pencTaBJIEHMM KOJIOHHH KaK KOHEUHOT'O uucia
TUIIOTETUUECKUX  PeaKTOPpOB  MIOeaJIbHOT'O CMelleHn 1 (TeopeTHUecKkuUe
CTyTIeHM) . OKBMBAJIEHTHAafd BHCOTa TEOPEeTUUECKUX TapeJiIoOK MABJISETCH
OpAMOM  MepoM  aKCUaJIbHOM  OUCHEePCHMM M COIPOTUBJIIEHMS  CUCTEMEH
MacCOIIEpPeHOCY .

[Tpu 3amaHHoOM LEeOJIMTHOM CTPYKTYPE, 3a0aHHOM pasmMmepe
arjioMepaTa ¥ 3agaHHOM pabouel TeMIepaType KosbduuMeHTH OUOOY3IUM
OMKCUPOBAHE, M OIOHO M3 CPEeIOCTB YJYUlleHMsS MaccollepeHoCa COCTOUT B
YMeHbIIeHUN omMaMeTpa KPUCTAaJIJIOB . TaxkumMm obpaszoM, YCUJIeHHUE
JIoBaJIbHOT'O  MacCCOIlepeHOCa  MOXHO [MOJIYUUTE, YyMEHBIIAg  pa3Mep
KPUCTAaJJIOB .

[losTOMYy  CHeUMaJucT OOJIKeH CTPeMUTHECSA KaK MOXHO  OoJibile
YMEHBIINTH omMaMeTp KPpUCTAaJJIOB 1ECJINTa B EeJIax YIIy4dlmeHn g
MaccollepeHoca.

Taxk, B mnarteHTe CN1267185C 3adgBJIeHH alcoOpOeHTH, CcoIepXalue
90-95% wneommra BaX wmim BaKX, 1Jig BHIOEJEHMSA I[IapaKCUiioJla, IIpuUudYeM
KpUCTaJIJIEL LeoJinTa X B HMX uMenT pasMep orT 0,1 MxM nmo 0,4 MKM,
UTOOH YJIYyUIUMTH S0PeKTUMBHOCTL MaccollepeHoca. PaBHEM o00Opa3oM, B
maTeHTHOM 3agBKe US2009/0326308 omnuceHBaeTCcs CHOCOO pas3mdesleHud
M30MepOB KcujoJia, 50PeKTHBHOCTE KOTOPOTO OBUla YJydlleHa OJjlaronapsd
MCIIOJIb30BAaHMI alcopOeHTOBR Ha OCHOBE KPUMCTAJJIOB ULeoJuTa X C
pasMepoM MeHee 0,5 MKM.

TeM He MeHee, aBTOPH HaCTOAMeM S3adBKM OOHAPYXMIIM, UYTO
CHMHTEe3, OmJbTpaluda, obpaboTka M arnJioMepalusa KPUCTAJIJIOB LeoJiMTa C
pasMepoM MeHee 0,5 MKM TpeOyIT CJIOXHEX, PaCTOUMTEJIBHHX ¥ I103TOMY
MaJIO MNPUTOIOHEIX IJIS BHEOPEHMSA B IIPOMBIIJIIEHHOCTE CIOCOOOB.

Kpome  TOTO, TakKve  arJIOMepaTH, comepxamue  KPUCTAaJJIBEL C
pasMepoM MeHbme 0,5 MKM, OKa3HBaWwTCAa Takxe O0ojiee XPYyNOKMMHA,
[IO3TOMY CTaHOBUTCSH HeOOXOIOMMEIM I[IOBEICMTE OOJIK alJIOMePallMOHHOTO
CBA3yKIMEeTro, 4YTOOB YCUIUTH KOTe3MKD KPUCTaJJIOB IOpyD' C IOPYyI'OM
BHYTPM arlJioMeparTa. OmHakKO yBEeJIMUeHMe IOOJM  alJIOMEepPallMOHHOT'O
CBA3YyKIETO IIPUBOOMUT K YIIJIOTHEHMI alJIOMepaTOB, UYTO SABJIAETCH
OPUUVHOW YyBeJIMUeHMS OIUOPY3MOHHOTO CONPOTMBIEHMSI B MaKpolopax.

TaxmuMm O@paBOM, HeCMOTpPA Ha TO, uTo BHYTPHMKPHMCTaJIJIMYEeCKROe



IMOOYy3MOHHOE COINPOTHBJIEHME CHMXeHO OJlarolapsd YMeHBIIeHVI pas3Mepa
KPUCTAJIJIOB, YBEeJIMUeHMe IUGPYSMOHHOT'O COIPOTUBIIEHMSA B MaKpoIlopax
M3-3a YIUJIOTHEHMSA alJjioMepaTa He IIO3BOJISeT IIOJIYUUTh YBeJIMUeHUS
MaCCOIlIepeHOCa B 1LIeJIOM.

[losTOMy oOCTaeTcda HNOTPeOHOCT:E B LEOJUTHHX afCcopOUpyRINX
MaTepMaiax, I[IoJIydaeMeX M3 LeoJiuTa Tuina FAU, KOTOPHE MOXHO OBLIO
O JIeTKOo oOpa®aTHBaThL Ha  [IPOMBIIJIEHHOM  YPOBHE, TO €eCcTb B
MaTepMraljlaxX, Y KOTOPHX KPHUCTaJIJIIM30BAHHHE COCTaBHHE 3BJIEMeHTH (MJIM
npome, "KpUCTaJJH") OPennouTUTeJIbHO uMelnT pas3Mmep Oojeme 0,5 MKM,
HO MMET Takxe YJIYUMeHHHM IJIOOaJIbHHY MaCCOollepeHOC II0 CPaBHEHUMI C
ancopOeHTOM, IIOJIYUYEHHHM M3 OOHUHBEX KPMCTAaJIJIOB IlLleoJiuTa Turna FAU
MIeHTUYHOTO pas3Mepa (1o ecTth OoJgeme 0,5 MKM), TIOIpM COXpaHEeHUU
BEHICOKOM aIOCOpPOLUMOHHOM CIOCOOHOCTH.

TakuMm oOpasoM, BTHU YJIYUIIeHHEEe aIcopOeHTH o0COOeHHO XOpPOoIo
IIOOOMIOYT OJIS BHOEJEeHUS M30MEpPOB KCUIIOJOB M3 Ta30BOM Gasbl WK
XUIOKOM (asH.

TakuM 00pasz3oM, IIepBOM LeJlbld HacToAmeIro Mu300peTeHua [ABJIAeTCHd
IpenJIOXUTHb LIEOJIMTHEE ancopOeHTH B BUIE arnJIoOMepaToB co
CBOMICTBaMM, OIITVMU 3UPOBaHHBIMA B OTHOIIEHUN pasnejyieHu s
razoobpasHEX WIM XUAOKMX CMeCcel M30MepoB M, 0oJiee KOHKPEeTHO, B
OTHOIEHUNM pas3mdelJIeHrs KCMKMJIOJOB B Tal30BOM WMIM Xuaokou das3e, B

YaCTHOCTHU, IOJIA BEIIOCJICEHMA IIapaKCHKJIoJa "3 apoMaTMYeCKUMX (l)paKLU/HZ

C8. [leoNIMTHEHE  amcopOeHTH IO  u300peTeHMoO  o0ecleuMBanT, B
YacTHOCTH, MaKCUMaJIbHYIO CeJIeKTUBHOCTL infe) rnapakCuIoNy u
MaKCHMaJIbHEI MaccoIllepeHoc, uMe g OIHOBPEMEHHO BHICOKHUE

MeXaHUMUEeCKY MIPOUHOCTE M alCOPOIUMOHHYI CIHOCOOHOCTE, OHM OCOOEHHO
XOPOWO TOOXONOAT IJIS [NIPMMeHeHMSA B IIpOllecCe BHOEJEeHUA IIapaKCuioja
13  XUOKOM dasz3n, NOPeOlIouTUTeJIbHO B IIpollecce C MOIPOTUMBOTOUHEM
[ICEeBOONBMXYIMMCS CJIOEM.

Bojlee TOUYHO, HacTOAmee M300peTeHMe OTHOCUTCSH K ILEeOJIMTHOMY
ancopbeHTy, comepxameMy I[IO0 MeHblleM Mepe OIMH LeosiuT FAU wu
comepxaleMy Oapuii W/MIM KaJjluli, OoTJIMYalleMyCsa TeM, UTO BHEmHId
[IOBEPXHOCTL YKa3aHHOTO ILEOJIMTHOTO ancopbeHTa, VM3MEPEHHAd II0
ancopbumun asoTa, OoJgbme 20 M/ T, OPenrouTUTeJIbHO IIpepBbmmaeT 40
M°/T M BoJee OpennouTuTesbHO oT 40 M>/T7 mo 200 w™?/T, GoJee

IpenIouTUTeJIbHO cocTarjsgeT oT 60 M2/ T mo 200 M?/P, BKJIOUA A



TPaHMUIIH .

CorJjlacHO elle OIOHOMY BapMaHTy OCYIECTBJIeHUMSA WM300peTeHusd,
LIEeOJIUTHHM alcopbeHT wMMeeT cCcoIepXaHMe okKcuma ©Oapmsa (BaO) Bome
10%, mHOpennouTuTeJIbHO Beole 15%, OUeHb NPenlIouTUTEeJIbHO Bhlle 20%,
eme OoJiee MNPEeONOUTUTEJIEHO Beme 23 % M OaXe BeIe 33 Bec.$% OT
[IOJIHOTO  Beca alncopbeHTa. [MpednouTuTesIbHO, colepxaHue Oapusd
cocTaBJageT oT 23% mo 42%, obwuHo oT 30% mo 40%, BkJIOUas ITPaHUIIH,
10 Becy OT IIOJIHOTO Beca amcopfbeHTa.

CorJjiacHO OIpYyTOMYy BapMaHTy OCYIEeCTBJIEHUA n3obpeTeHud,
LHEeOJIMTHLEM amcopbeHT MOXeT MMEeTh CcoImepXaHMe oKcuIa kajausa K,O Huxe
25%, [IOpemnodTmuTeJIbHO B MHTepBajle oT O @pmo 20%, eme 0OoJiee
OpenrnouTuTelJIsHO oT 0% pmo 15% M OoueHb OpellouTuTelJIbHO oT 0% mo
10%, BrJOUaAsS TPaHMUIE, IO BeCY OT IIOJIHOTO Beca ancopbeHTa.

CoTJlacHO HOpyTI'oOMy BapMaHTy OCYIECTBIEHMSA M300pPeTeHUs, IIOJIHOE
comepXaHre OKCHIOB MOHOB IMEJIOUHHX WJIM IEeJIOUHO3EeMEJIbHHX MeTalJlJIOB,
noMmMo okcuna Oapusa BaO m oxkcumpma kaamda K,0O, cocrapjggeT oT 0 1o
5%, BKJIOUaAd I'PaHUIB, OT IIOJIHOT'O Beca ancopbeHTa.

[IpednouTuTeJIbHO, LEeOoJIMTHHM aIcop®eHT COIJIaCHO HacTodleMy
n300peTeHU ABJIAeTCHd amcopBeHTOM Ha OCHOBe LeosmTa FAU, OOBUHO
oBo3HauaeMoro ULeoJsuToM THuna X. Ilog "ugeosmromM X" IIOHMMaeTCHd
I1eOJIUT, Y KOTOPOTO aTOMHOe OTHomeHue Si/Al cocrTamjger oT 1,00 mo
1,50 BKJIIOUA A TPaHMUILIEL, IpenlouTUTEeJIbEHO oT 1,05 oo 1,50,
npenmnourmuresbHo oT 1,05 mo 1,40, BkJouasa TpaHUUE M eme 0oJiee
npenmnouruTeJibHO oT 1,10 mo 1,40 BkJUad TI'PaHMIH.

Cpemou ueoJiMToB X B HacTodlmee BpeMsa IIPMHATO pas3jMuaThk OBe
[NOOTPYIE, Ha3eBaeMble LeoJinTaMu LSX M LeojmTaMu MSX. YV LeOJIMTOB
LSX aToMHOe oOTHOomeHMe Si/Al pPaBHO MOPVMEpPHO 1, a LeoJuTe MSX
MMEeT aTOMHOe OTHomeHre Si/Al B wmHTepmBale oT InpuMmepHo 1,05 mo
npuMepHo 1,15, BrIoUas I'PaHULEL.

CorJlacHO OIHOMY [PEeldlNoUTUTEIBEHOMY BapMaHTy OCYIEeCTBJIEHUA
HacTodmero M300peTeHMS, LeoJUT X MMeeT aTOMHOe OTHomeHue Si/Al B
vHTeppaje otrT 1,10 mo 1,50, Brawoyad TI'paHMlbE. COTJIACHO OpPpYyI'OMYy
IPenlIouTUTEeJIbHOMY BapMaHTy OCYIEeCTBJIEHUS, HeoJnuT X  ABJISAETCH
11eoJIMTOM THuMa LSX C aTOMHEM OTHOmeHreM Si/Al, paBHBEM IOpuMepHO 1.
JomnycTMMO  TakKxe, uyTOOE ancopOeHT CcoepXall CMeCu OBYyX WK

HECKOJIBKUX LIeOJIMTOB THUIla X, KakKue OolipeneJIeHE BHIIE.



CormJlaCHO OIHOMY IIPelNIIOUTUTEJIEHOMY BapMaHTy OCYIEeCTBJIEHUS,
yKasaHHBEM, IO MeHbIleM Mepe OoIMH, LIeoJuT FAU, comepXamuicsa B
LIEOJIMTHOM alncopbeHTe IIO0 M300peTeHurn, MMeeT aTOMHOEe OTHOIEHUe
Si/Al B MHTepBaJe oT 1,00 oo 1,50, BKJIOUAa 4 TPaHULIEL,
opennouTuTesibHO oT 1,05 mo 1,40 um eme ©OoJiee OPeONOUTUTEJIBHO OT
1,10 mo 1,40. IlpednouTUTeJIbHO, DSTOT, IO MeHbIeW Mepe OOMuH,
nmeosiuT FAU gBJjigeTcd LIeOJIMTOM X.

CorJjiacHO IpyIToMy IIPeOIIOUTHMTeJIEHOMY BapPMaHTy OCYyHeCTBIJIEHUA,

PEHTIeHOCTPYKTYPHHEM aHamns (M3BECTHEM crieunaJiicTy non
cokpameHreM DRX) He OOHapyXMBaeT B LeEOJIMTHOM ancopbeHTe IO
HacToAmeMy  M300peTeHUD HUKaKOM eOJIMTHOM CTPYKTYPEHL, KpowMme

CTPYKTypH  FAU, IPenlouTUTEJIbHO HUKAKOM  ILeOJIMTHOM CTPYKTYPH,
KpoMe CTPpYKTYpPH doxasmTa X.

CormJiacHO eme OIOHOMY NIPennouTUTEeJIbHOMY BapMaHTy
OCVYIIeCTBJIEHUA, BecoBadg IOoJjid UeosiuTa FAU (mprueMm neoyuT FAU
[IPEenIouTUTEJIbHO SABJIAEeTCH LeoJiMmToM X) OoJbeme WM paBHa 80% oT
I[IOJIHOT'O Beca agncopbeHTa II0 HaCTOAMEMY MW300peTeHuKn, IIPU STOM
nornoJiHeHue pno 100% NOpeAlouTUTEeNIbHO COCTOMT M3 HEelLeOJMTHOM (GasH.

[IeOJINTHEIE ancopOeHTH 1o HacTodleMy n300peTeHN MOTYT
comepXaTh HELeOJIMTHYI (asy (PNZ), TO €eCTh HeKpUCTaJJIMUEeCKYIO
bazy, KoToOpasd IO CYIeCTBY MHEPTHa B OTHOIEHMM ancopbunm. CTelleHb
KPUCTAaJIJIMUHOCTU (T.e. BEeCOBYK OOJIKO LeoJuTa) ancopbeHTa IO
n300peTeHnn MOXHO U3MEPUTDH PEHTTEeHOCTPYKTYPHEM aHaJM30M,
M3BECTHEM CIelUMaJIMCTyY 10O CokpaleHreM DRX.

CorJjlacHO OIOHOMY IIPeldlOoUTUTEeJIbHOMY BapMaHTy OCYIeCTBJIEHUA,
e OJIV THLIM ancopBbeHT 1o n300peTeHnD uMeeT IoTepn npu
npokaJnBaHuM, usMepseMmele npu 900°C corjacHo cTaHmapTy NF EN 196-
2, MeHbIle WJIM pPaBHHEE 7,7%, OPenOIoudTUTEJIbHO B MHTepBaJie oT 0 1O
7,7%, mnpenmnourmuTeJibHO oT 3,0% mo 7,7%, OoJee NPeldllOUTUTEJIBHO OT

3,5% nmo 6,5% u OmaromnpudaTHO OoT 4,5% mo 6%, BKJIOUAA TPaHMUIIH.

HeOﬂMTHHﬂ ancop@eHT 10 HacToAdmeMy MBO@peTeHMD
IIpeliouTrUTEeJIEHO mMeeT BEICOKUME MeXaHMUEeCKYI IIPOUYHOCTE u
aHCOpéﬂMOHHYD EMKOCTE . MexaHMueckad IIPOUYHOCTE nsMepAdadeTcHd I10

MeTony Shell, cepms SMS1471-74, apmalTMpOBaHHOMY K alJloMepaTaM C

pasMepoM MeHblle 1,6 MM, OOBUHO IIPOYHOCTL OOJIblle MJIM paBHa 2 Mila,



TUNIMYHO OOoJiblle MJIM paBHa 2,1 Mlla.

[e OJIM THEIM aoCcopOeHT 1o MN300peTeHUn NpenriouYTUTeJIbHO
OOHOBPEMEHHO COOEPXUT MaKpPOIOPH, Me30I0pPEH WM MUKPOIOPH. Ilon
MakKpoIlopaMM  IOHMMAaTCHI [IOPH  C packpreTMeM  OoJiblle 50 HM,
opennouTuTeJibHO oT 50 HM mo 400 HMm. Ilom Mes3oHopaMyM I[IOHMMAKTCA
IIOPH C PacCKpHITMEM OT 2 HM n»Ho 50 HM, WMCKJ©OUas TI'paHuUHE. Ilon
MUKPOIIOPAaMM TIOHMMAKTCS IIOPH C PAaCKPHTMEeM MeHblle 2 HM.

Me3OIopH B LEOJUTHOTO amcopbeHTa COIJIaCHO M300peTeHMI0 MOXHO
JIeTKO UOeHTUOUIIVPOBATE IyTeM HabJogeHmsa B IPOCBEUNB AU/
SJIEKTPOHHEM MMKpOCKoNn (TEM DO-aHIJIMMCKM), Kak OIIMCaHO, HalpuMmep,
B US7785563.

CorJlacHO OpPyToMy IIPeOlouTUTeIbHOMY BapMaHTy OCyMecTBJIeHUSd,
LHEeOJIMTHHM amcopb®eHT IO HacTodAmeMy HW300peTeHUID XapaKTepu3yeTcsHd
IIOJIHEM OOBLEMOM MAaKPOIOP ¥ Me30II0p, HW3MepeHHHM II0 BIaBJMBAHUIL
pTyTH, OJaroNpUATHO JexXamyM B MHTepBaje oT 0,15 cM’/T  mo 0,50
cM’/T, OpemmouTMTenbuHo ot 0,20 cMm’/T mo 0,40 cM’/T U OuUeHb
npenmnournuresbHo orT 0,20 cm®/T mo 0,35 cM’/T.

OBBbeMHasa -OOJIA MaKpOIIlop IIPenIllouTUTeJIbHO cocTaiBjigeT oT 0,2 mo
1 oT moJHOTO oBbeMa MaKpOIIOp M Me30Iop, OUeHb MNPedlouTUTEJIBHO OT
0,4 mo 0,8 m eme Oojee npennoururesbHo oT 0,45 mo 0,65, BrIwUasa
TPaHULE .

B paMKax HacToAmero n3o0bpeTeHnd OpennouTuTeJIeH Takxe
LHEeOJIMTHEM aIcopbOeHT, Yy KOTOPOTo o00beM MMKPOIIOP, PaCCUMTaHHEIM II0
MeTony t-plot no wmsoTepMme anmcopbumm aszsoTa (Np) OIpM TeMmIIepaType
77K, cocraBiser or 0,180 cm®/T mo 0,290 cM’/T. YkKasaHHOe 3SHaUeHME

oBbeMa MMKPOIIOP OIpeleJIeHO IIoCJIe OeTrasl3aluM B BakyyMme (P <6,7’-1O’4
[la) npu Temnepatrype oT 300°C mo 450°C B TeueHme mnepmoma oT 9 1o

YaCoOB, IIPEeOIOUTUTEJIEHO IIPU B TeuecHUe JacoB.
16 400°C 10

[Te OJIM THHIM aoCcopBeHT 1o M300peTeHUn NpeniIouTUTeJILHO
HaxXxoOourcd B BHUIE arjoMeparTa, TO eCcTb OH COCTOUT "3
KPUCTAJIJIMUECKUX  BJIEMEHTOB (MM KPUCTAJJIOB) IO MeHBIEMW Mepe

OOHOTO LeoJuTa FAU, KakoM OIpelejieH BHIe, OIpMUeM YyKa3aHHHE
KpUCTaJlJIndeCKHUe BJIEMEHTH VIMERT CpelHeUMCJIeHHHM oraMeTp B
mHTeppajie oT 0,1 MxM mo 20 MKM, OpennoudyTuTesibHo oT 0,5 MM mo 20

MKM, npenmnourmresibHee oT 0,5 MM pmo 10 MM u  eme ©OoJiee
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npenmnouyrmuresibHO oT 0,5 MKM mo 5 MKM, BKJIOUasS I'PaHUIIH.

CormJjlacHO IpyToMy I[IPelllouTUTEJIbHOMY BapMaHTy OCYIeCTBJIEHUS,
LEeOJIUTHHM ancop®eHT [0 M300peTeHMI COOEPXUT KpUCTaJlJIMuecKue
2JIEMEeHTH LeosiMTa FAU Tuna X, ¥ yKal3aHHBNM LEOJUTHEM aICOopOeHT
uMeeT aTOMHOe OTHomeHue Si/Al B wuHTepBaje or 1,00 mo 2,00,
IpenrIouTUTeJIbHO oT 1,00 oo 1,80, BRJIIOUA A TPaHULIEL, BoJiee
npenmnourmuresbHo oT 1,15 mo 1,80, BkJouasa TpaHULUE M eme 0oJiee
npenmnourTmuTesbHOo oT 1,15 mo 1,60, BKJOUasS T'PaHMIIH.

Kak YKa3EBaJIOCh BHINE, e OJIM T HEI ancopbeHT COTJIaCHO
U300peTeHNri0 IMNPenOlIoUuTUTEeJIbHO COOepXuT, KpoMe ToI'o, I[IO0 MeHbIlel
Mepe OIHY HelleoJIMTHYKD  dasy (PNZ), KOTOopad MCIOJB3YeTCHd B
npoliecce MIOJIYYEHU S, TaKymwo Kak anJIoMepallMOHHOE CBA3YKIEE,
[IO3BOJIAKIIEE OOCTUUL KOTE3UM KPUCTAJLIMUECKUX BJIEMEHTOB IpyI C
OpyT'OM, IIepel TeM, KaK O(aKyJbTaTMBHO IOIBEPTHYTE €TI0, IIOJIHOCTBI
IV  4YaCTUYHO, LEOJINTU3allNN, TO €&CTb IpeBpaTUTbL B  ILIEOJIUT,
AKTHMBHEIM B OTHOMEHUM ancopbliuM paccMaTpPUMBaeMBX MOJIeKyJl, TO ecCTb
NpeBpaTUThL B LeouT TUla FAU.

9TO O3HauvaeT, UYUTO LeOJIMTHHM ancopbeHT COIJIaCHO M300peTeHM’
OpPenrnouTUTEeJIbHO COOEepXuT, KpoMe TOoI'0, IIO0 MeHbIleM Mepe OIHY
HeoLeoJIMTHYK ©Ga3zy (PNZ), koTopad BKJIwYaeT B cebsd, Hap4dnoy cC
[IpoOYMM, amJioMepallMOHHOE  CBA3yKlee, MCIIOJIE3YeMOoe B IIpollecce
[IOJIYUYEeHM I, UYTOOE OOEeCIIeuMTh KOI'e3UK KPpUCTAJIJIOB OpyTl' C IOPpYyToM,
oTCIa MIPOUCXOOAT TepMMHH "arjioMepaT" miaM "LUeOJIMTHEM arnjomepatT"”,
UCIIOJIb3YIMMEeCsS MHOT'Ia BMECTO OIIMCAHHOTO BHIEe TepMMHA "I11eOJIMTHLIM
ancopbeHT" coTJlaCHO M300peTeHud.

OelcTBUTEJILHO, aBTOpaMm 3aaBKU OBLIIO YCTaHOBJIEHO, UTo
LIEOJIMTHEIE ancopOeHTH FAU, [IOJIYUEHHHE nus3 KPUCTaJLJINUYECKUX
2JIeMeHTOB C OOJILIMOM BHeMHeM IIOBEepPXHOCTLID, ofecHneuMBalnT B I1eJIOM
JYUIMM MacCoIllepeHOC II0 CPaBHEeHMI C LeOoJMTHEMM alcopdeHTaMy TUIla
FAU, T1OJIydeHHHMM W3 OOBUYHHEIX KpPUCTAJIJIOB, B TOM U4MCJIe, KoTIa
pasMepH KPUCTaJJIMUeCKUX 2JIEMEHTOB foJbie, uem |y OOBIUHEIX
KPUCTAJIJIOB .

TakuMm o6pa30M, HacCTodlee U300peTeHMe IIO3BOJISET IIOJYUYUTH
LIeOJIUTHHE alcopOeHTH C YJYUINEeHHHMM CBOMCTBaMM IIO CPaBHEHMI C
YPOBHEM TeXHUKU npu OOHOBPEMEHHOM YIIydle HUum bniib Tpauun,

O@paGOTKVI n arJioMepallr LTOeOJIMTHEIX I[TOPOIKOEB, VMCIIOJIbE SYRINMXCHA B



11

[IpOoLleCCe TIOJIYUEeHMS .
IpyruM oOBEKTOM MB00peTeHMA  ABJIAETCH  CIoco®  I[IOJIydeHuSd

YKa3aHHBEX 1LIeOJIMTHHX aIOCcopBeHTOB, OIIpelleJIEHHEIX  BHIIE, [IpryYeM

YKasaHHBEM CHOCO0 BKJOUAEeT I[I0 MEeHbIIeM Mepe Cclelylmye DTallb:

a) amJjioMepalusa KPUCTAJJIMUECKMX DJIEMEHTOB IIO0 MeHLbIlel Mepe
OOHOTO ULeoJnuTa Tuna FAU, KMMeKrmeI'O BHENHK I[IOBEPXHOCTHL OoJbme 40
M?/T, MOpPeINoYTUTeSIbHO B MHTepBasie oT 40 M°/r mo 400 M?/T, OGojee
NPenrnouTUTEesSIbHO  OT 60 wM?/r mo 200 NF/P, BKJIOUaAd T'PaHULH,
CpemHeuucJIeHHEV IuaMeTp oT 0,1 MxM mo 20 MKM, OPeONOUTUTEJIBHO OT
0,5 Mkm mo 20 mMmrM, OoJjiee npepnouTmuTeJibHO oT 0,5 MkM o 10 MKM U
eme OoJlee mOpennouTuTesabHO oT 0,5 MKM o 5 MKM, BKJIKOUYad TPaHUIH,
CO CBABYIIMM, COIepXamMuM 10 MeHblel Mepe 80% TUIMHH MJIM CMeCcHu
TJIMH, BO3MOXHO ILIEOJIUTUINPYRIUXCSI, W #pobaBKaMyM B KOJIMUECTBE IO
5%, a Takxe BOIOO¥ B KOJMUECTBe, KOTOpoe IO3BoJAeT O(opMOBaHUE

arJIOMeEPMPOBaAHHOT'O MaTepHralla, Cylika aIlJloMepaTOoB IIpM TeMIlepaType

oT 50°C  mo 150°C; OOXUT CYyXMUxX  alJIOMepaToB IIpM IPOOYBKE
OKVCJIUTEJILHEMY U/WJIM MHEPTHHMM Ta3aMy, B YaCTHOCTM, TakKVMM Kak
KMCJIOPON, a30T, BO3IOyX, CyxoM u/uiy o00e3yTJIepOXeHHEN BO3IYX,

BO3OYX, oOenHeHHEM KUCJIOPOLOOM, BO3MOXHO cyxoun n/Uim
00esyIJIepOXEeHHEM, IIpM TeMlepaType Bome 150°C, oOBUHO B MHTepBale

or 180°C mo 800°C, mpemmouTuTesbHO oT 200°C mo 650°C, B TeueHue
HEeCKOJIbKMX YacoB, HalpuMep, OT 2 IO 6 YacoB;

b) GaxyJIbTaTUBHO, LEOJIUTU3ALMA BCeTO WIM UYacTU CBA3YOIEeTO
IyTeM KOHTaKTa aTJIOMepaToB, I[OJYUEeHHHX Ha 5STale a), C OCHOBHBM
MEeJIOUHEIM PaCTBOPOM;

C) OIVH WMJIM HEeCKOJIbKO KAaTMOHHHX OOMEHOB arJIOMepaToB C sTala
a) n/vwam c sTana b) OyTeM KOHTAKTa C PacTBOPOM MOHOB Oapusa u/Uin
MOHOB KaJInd;

d) IOTIOJIHV T €JIb HEIN bakyJbTaTUBHEMT KaTVOHHBIN oBMeH
arTJIoOMepaToB C D2Tana Cc) IIyTeM KOHTaKTa C PacTBOPOM MOHOB KaJivd;

e) TIPOMHIBKA M CyImKa alJIOMepaTOoB, I[IOJIYUEeHHHX Ha 5STarnax cC)
wimm d), nOpu TeMmnepatType oT 50°C mo 150°C, u

f) TmnoJgyuyeHMe I1IEOJMTHOTO amcopBeHTa COIJIaCHO U300peTeHM0
nyTeM aKTHUBaLMM  arJioMepaToB, IIOJIYUeHHHX Ha »B2Tale e), IOIpu

IIpoogyBKe OKMCJINMTeJIE HEIMIM M/MHM VMHEP THEIMI I'asaMm, B YaCTHOCTNM,
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TaKMMM KaK KUCJOPOH, as30T, BO3IOYX, CYXOM W/MIM o00e3yTJepOXeHHEI

BO3IOYX, BO3OyX, OOeIHEeHHHN XKMUCJOPOIOM, BO3MOXHO CYXOM U/UJNU
00eByTJIEPOXEHHE, npu TeMIIepaTrype oT 100°C o 400°cC,

NpenrIouTUTEeJIbHO oT 200°C pife) 300°C B TeueHue rnepuona,
OIpelelyigseMOoT0 B 3aBUCHUMOCTM OT COOEepXaHMSA BOIOEL U XejlaTeJlbHEX
[IOTeph IIPpM OpOoKaJMBaHMM, OOHUHO OT 1 yaca OO 6 YacCOB.

CorJjlacHO OOHOMYy IPedloUTUTEeJIbHOMY BapMaHTy OCYIEeCTBJIEHUI,
yKa3aHHEBI, 10 MeHbllel Mepe OIUH, nmeosiuT FAU wmMeeT aTOMHOeE
oTHomeHMe Si/Al mnpemmouruTelsHo oT 1,00 mo 1,50, HOpednIoudTUTeSIbLHO
or 1,05 mo 1,40 m eme ©OoJee mnpenmnouruTessHo ot 1,10 mo 1,40,
BKJIIOUAA TI'paHMUbE. Kak yKasbBBaJIOChH BHIIe, STOT, II0 MeHbIel Mepe
OIonH, LUeosmuT FAU NPenIouTUTEJIEHO 4BJIAeTCHd LeOoJIMTOM X.

Kak yKasHBaJIOCH BHIIE, BHEMHAA I[IOBEPXHOCTH KPUCTAJJINMUECKUX
2JIEMEHTOB, MCIOJB3YKRIMXCA Ha 3Talle a) BHIEeONMCaHHOTO crocoba,
paccuuTaHa o MeTony t-plot 1o wm3oTepmMe apgcopbumuy asoTa IIpU
TeMrepatype 77 K, nociie nerazaluuMuM B BaKyyMe (P<6,7-lO'4 Ma) mpwm

TeMrepaType oT 300°C mo 450°C B TeueHmMe mnepmola oT 9 @mo 16 uacos,

npennouruTenasHo npu 400°C B Teuenme 10 yacos.

Vcrnoyep3ynmmrecsa Ha »BTalle a) KpUCTaJJIMUeCKUe BJIEMEHTH LeOoJIUTa
FAU C BOoJIbION BHEMHEN [IOBEPXHOCTB  MOTYT OBITH [IOJIYYEHE]
pPasJIMuHEIMK ~ CcliocofaMy, WM3BEeCTHEMM CIelMaJlMCTy, HalpuMmep, I[IyTeM
CUHTe3a, ommcaHHoro Inayat wm nOp. B Angew. Chem. Int. Ed.,
(2012), 57, 1962-1965.

YKazaHHBEE KpUCTAJJIMUeCcKMe D3JIEMeHTE MOXHO TakXe II0JIydaTh
CHMHTEe30M, BHOCH 3aTpaBKy u/MUiIM nomdbupad paboure YCJIOBUS CUHTesa,
HaopuMmep, OTHomeHre Si0,/Al,03, coOepXaHMe HaTPUI U MEeJIOUHOCTDL
pPeakUMOHHOM CMeCH, WMJIM Xe MOXHO II0JyYaTh TPaIMIMOHHEIMM CIIocoOaMu
IOoCTOBPabOTKM KPUCTAJIJIOB LeojuTa FAU.

Crioco®e mocTobpaboTKM COCTOAT, Kak [OpaBuijo, B YyIaJIeHUu
aTOMOB M3 VYXe 00pa30BaHHOM ILeOJIMTHOM pemeTku, JMOO OOHOM WMJIMU
HeCKOJIbkuMM 00paboTKaMM KUCJIOTOM, KOTOpHEe OealJIIOMUHMPYIT TBepOyio
basy, ImOpmUUeM IOCJie HBTUX 00padboTOK IMIPOBOOAT OOHY WM HECKOJLKO
I[IPOMBIBOK TUIPOKCUIOM HaTpuA, UyTOOH YyIOaJnTh oB6pa30BaHHEE
aJIOMVHVMEBOKMCIIEIE OCTaTKM, KaK OoIMcaHoO, HanpuMep, D. Verboekend,

G. Vilé m J. Pérez-Ramirez B Adv. Funct. Mater., 22, (2012), p.
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916-928), Jubo xe oOpaboTkaMy, KOTOPHE KOMOMHMPYIT IelCTBUe
KM CJIOTEL nu CTPYKTYPUPYRIIETO areHTa, B neJjax YIIYULIIe HU A
50PEeKTUBHOCTM KMUCIJIIOTHOM 00paboTKy, Kak OIIMCcaHo, HallpuUMep, B
3agBke W02013/106816.

[lpaMele CIIOCOOBL CHMHTe3a BTUX LeOJIMTOB (TO ecTh CHOCOOH
CUHTe3a, OTJMYHEE OT IMHOCTOBpaboTKM) OOBUHO MCIOJNB3YIT OIVH WMJIU
HECKOJIBKO CTPYKTYPUPYRIMX aTe€HTOB MJIM PaCXOoOyeMbIX MabJIOHOB.

[ogxomgmue OJIA MCIOJB30BAHMA pacxolyeMele MabJIOHE MOTYT OHBTH

JBoTo TUlla, M3IBECTHOTO CIeluMaJMcTy, Kak, B UYacCTHOCTM, OIMCaHHHEe

B 3asaBKe W02007/043731. CorJiacHo OIDHOMY NIPenrnouTUTEeJIbHOMY
BapMaHTy OCYIEeCTBJIEHUHA, pacxonyeMult maBJIoH IpennouYTUTEeJIEHO
BEIOpAaH n3 OpTaHOCUJIaHOE, DoJiee NpennouTUTEJIbEHO nus [3-
(TPUME TOKCUCUJIMIT) IPONNJI] —OKTaleUMJIOMMe TUJIaMMOHUM XJjiopuna, [3-
(TpUME TOKCUCUJIMII) IPONNWJI ] TeKcaleunJIouMe TUJIaMMOHUM XJjiopuna, [3-
(TpUME TOKCUCUIIMII) IIPONIWII ] DO e IUJIOMME TMJIaMMO HUM XJiopuna, [3-
(TpUME TOKCUCUIINII) IIPONIMJI ] OKTMJIaMMOHUM XJiopuna, N-[3-
(TPMME TOKCUCHUJIWII) IPONWJII] —aHUJIMHAE , 3-[2-(2-aMMHO2TMJIAMMHO ) —

STUJIAMUHO | IPONMIITPUMETOKCHUCKUIIaHa, N-[3- (TpMMeTOKCUCWUIIWUIT) IIPOIINII] —

N'- (4-BuHMIOeH3WII) 2 TUJIeHOMaM1Ha, TPUBTOKCHU—3— (2-MMUIOa30JIMH— 1~
WJI) IIpONIUJICUIIaHa, 1-[3- (TpUMEe TOKCUCHUIIMII) [IPOIINJII | MOUEeBMHE, N-[3-
(TPUME TOKCUCUIIMII) IPONMJI] —3TUMJIEHOMaMMHA , [3- (AU TUIIaMMHO ) TIPOTIMII ] —
TPUMETOKCUCUIIaHa, (3-TIIMUIMIMIJIOKCUIIPONINII) TPMMETOKCHCHUIIaHa, 3-
(TPVMEe TOKCUCHUJIINII) [TPOIINII MeTakpusaTa, [2- (LMKJIOTEeKCEeHWJI) 3T ] —
TPUSTOKCUCHKIIAHA, OOOelUJITPUR TOKCUCHKIIaHA,

rekCamelUJITPUME TOKCUCHKIIaAHA, (3—-aMMHONIPOIMII) TPMMEeTOKCUCKUIIaHa, (3-
MEPKAITOIPOINII) ~TPUMe TOKCHUCHUIIaHa, (3—-xJI0pOonpPOnUII) —
TPMMETOKCHUCHUIIaHa, a TaKXe CMecCu OBYyX WM 0oJiee M3 HUX B JIOOHX
IIPOIIOPLUUAX .

V3 MepeuMCIIeHHHX BHIIE PaCXOOyeMHX Ma®JIOHOB B BHCHEN CTeleHU
IPennouTUTeJIEH XJIOPUL [3- (TPMMETOKCUCUIIWUIT) IIPOIINII] —
OKTaIeluuJIOMMe TUJIaMMOHMS, wuJam TPOAC.

MOXHO TarkXxe MCIIOJIE30OBaTh pacxXxonmoyeMele mabJIOHE C DoJiee

BHICOKOM MOJIEKYJIIPHOM Maccowu, HallpVMep, PPDA (mosmmMmep
[IOJIMIN AJIIIMIIOMME TUIJIaMMOHUIM , PVB (MoOMMBUHMIIOY TUPAJIb ) n opyrue
OJIMT'OMEPHEIE COeIoVHeHNd, M3BECTHEE B OaHHOM obylacTu oJid

YBeJIMUYEHNMA OMaMeTpa Me30IIOop.
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CorJjlacHO OIHOMY [PEelNOUTUTEJIbHOMY BapMaHTy OCYIEeCTBJIEHUA
criocoba 1o HaCcToAlleMy  M300peTeHUo, Ha sTare a) IPOBOLOAT
arjioMepalumuio KPpUCTAJUJIMUEeCKUMX BJEMEeHTOB IO MeHbIIeM Mepe OIHOTO
HeosMTa FAU c OOJbIIOM BHEMHEV I[IOBEPXHOCTBI, KaKOM OIIMCAaH BHIIE,
[IOJIYYEHHEX B [NPUCYTCTBUM pacxooyeMoro  mabJioHa, rnonjiexalmero
yIoaJIeHUIO.

570 yrnaljlieHre MOXeT OHTE pealJiM30BaHO crnocobamMy, WM3BEeCTHBEMU
crieuMaJMcTy, Halpumep, OoOXMIoM, IIpuueM, 06e3 OTI'paHMUeHMuM, OOXUT
KpUCTaJIJIMUe CKUX BJIEMEHTORB eoJimTa, comepXxanmsx PacxomnyeMul
ma®JIoOH, MOXeT OBTb OCYIECTBJIEH B YCJOBUAX MNPOOYBKM OKMCIIUTEJIbHEM
U/WNIY MHEPTHHM Tas0M, B YacTHOCTM, TaKMMM Tas3aMM, KakK KUCJIOPOI,
asor, BO3IOYX, cyxoM U/umau  o0es3yITJIePOXEHHHN BO3IOYVX, BOBIOYX,
ODeIHEeHHH KMUCJIOPOIOOM, BO3MOXHO CYXOM U/UIM 00e3yTJIePOXeHHEHM,

np¥ OIHOW WJIY HECKOJBKMX TeMrneparypax Bbme 150°C, o0OHUHO B

uHTepBajie oT 180°C mo 800°C, mnpemmourTuTesbHO oT 200°C mo 650°C, B
TeueHMe HeCKOJIBKMX YacoB, HalpuMep, OT 2 »HO 6 yYacob. Illpuponma
rasoB, CKOpOCTHA [IOBHIIEHU A TeMIIepaTyPhl n ocjienoBaTeJIbHEE
BEIIEPXKM IIPpM IIOCTOAHHEIX TeMIlepaTypax U UX IJUTEJBLHOCTb OOJIKHEL
nondbmMpaTbCcd B 3aBUCHMMOCTM OT IIPMPOLNE pacXoOoyeMoT'o mabJioHa.

IJONIOJIHUTEJIBHEM BTal yHalleHusa QaKyJbTaTMBHOTO PacxXoOyeMOoTo
ma®JioHa MOXHO OCYmeCcTBMTL B JOOOM MOMEHT IIpollecca IIOJIydeHUS
LLEeOJIMTHOTO  alJIOMeEPMPOBAHHOT'O MaTepMajsa [0 u3o0peTeHMo. Tak,
yoaJjleHre  YKa3aHHOTO pacxomyeMoITo  mabjioHa - MOXHO C  YCIIeXOM
IIPOBECTU OOXUIOM KPUCTAJJIMUECKUX SDBIIEMEHTOBR LeoJiMTa IIepeld 5STalloM
arjioMepauuM a) WIM Xe OIOHOBPEMeHHOC C OOXMIOM alJloMepaToB Ha
sTarne a).

PaMkaMy wM300peTeHUd OXBAaTHBaeTCHA CJydal, eclIM aTnJjoMepalus
Ha o»Talle a) OymeT BKIOUYATE alJyloMepalul HeCKOJBKUX LeOJIMTOB C
BOJIBIION BHEMHEeW MNOBEePXHOCTBI, IIOJYUeHHHX Pa3JIMUHEIMM ClIocoDaMu.

CuHTe3 LeosiMTa TuUula FAU NpoBOOAMUTCSA OOHUHO B HaTPUEBOM cCpele
(kaTroHH Na) . IloJlydeHHEEe B pe3yJjbTaTe KPUCTAJJIMUeCKME DBJIEMeHTH
LneoJuTa FAU comepxaT IIpeMMYIIEeCTBEHHO UM  TaXe  MUCKJIOUUTEJIBEHO
KaTMOHE HaTpma. OIDHAKO, O0OCTaBadcCb B paMKax M300peTeHMd, MOXHO
MCIIOJIE30BATE KpucTaJJinueCcKre BJIEMEHTEI, KOTOPEHE [NOOBEPIVINCE

OIOHOMY mJin HeCKOJIbKVM KaTMOHHEM obMeHaM B IIPpOMEXYTKE MeXITY
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CMHTEe30M B ¢Qopme Na, Iepen WM I[I0OCJe yIOaJleHMS BO3MOXHOTIO
pacxonyemMoro mabJloHa, ecimn 2TOT 2Tarl [IPOBOOUJIICSA rnepen
OCVYIIeCTBJIEHMEM BTala a), M ¥MX IIPMMeHeHMeM Ha D>Tale a) .
CilemoBaTeJIbHO, B DBTOM CJydae 5HTall Cc) U, OGaKyJIbTaTMBHO, 5Tamn d)
oBMeHa CTaHOBATCH HeHYXHEMN.

Paszmep KpUCTaJIJIMUeCKUX DJIEMEHTOB LeoJyimTa FAU,
VCIIOJIL3YIMMXCSA Ha »Tale a), " KPpUCTaJJIMUEeCKUX BJIEMEHTOR LeoJIMTa
FAU B amjoMepaTax COIJIACHO M300peTeHMI M3MepdnT HabJoIeHVMEeM B
CKaHUPYIKM SJIeKTPOHHEM MMKpPoOCcKon (C5M). Kak VYKas3HBaJIOChH BHIIE,
CpeIHMM IOMaMeTp DJIeMeHTOBR INIPeOlouTUTesIbHO cocTaBygeT oT 0,1 MKM
no 20 MKM, @OpempnourTmuTesbrHO oT 0,5 wMxkM mo 20 MKM, BoJiee
npenmnourTmTesibHO OoT 0,5 MKM pmo 10 MKM M eme 0oJiee MNPedNOUTUTEJIBHO
or 0,5 MM @mo 5 MKM, BKJKOYasg TI'paHUIE. AHalIM3 C TIIoMombil CSM
[IO3BOJIAET TaKxe MOOTBEPINTE IPUCYTCTBHUE HelleOJIMTHOM dasH,
comepxalel, HaIpuMep, OCTaToOUHOe CBA3yklee (He IOIpopearrpoBaBIee
Ha CcTamuy LeoJuTH3auum), win Jwobor Ipyrod amMopdHoM das3H B
anJjioMepaTax.

B HacToOdAmeM IOKYMEHTe TePMMH "CpeOHEeUMCJIEHHHEM OuaMeTp" wWin
npocTto "pasmep" MCHONB3YEeTCH, B UYaCTHOCTM, IJA KPUCTAJJIMUeCKUX
BJIEMEHTOB LeoJiMTa M IOJIS LeOJIMTHEX amcopf®eHTOB. CrIocoO Uu3MepeHusd
DTUX BEJIMUUH [NOSACHAETCH HUWXe B OIUCaHUN.

ArjioMepauusa ¥ QOpMOBaHMe (mTal a) MOI'YT OHTE OCYIHEeCTBJIEHH
JIOOBIMM  MB3BECTHHMM CIelMaJIMCTy MeTolaMM, TaKMMM Kak BDKCTpy3usd,
YIIJIOTHEeHUE, amJoMepalusa Ha IVMCKOBOM TI'pPaHyJIaTope, BapabaHHOM
TPaHyJIATOPE, PAacClhJIeHMEe ¥ IOpyTHe.

COOTHOMEHNA MeXOY MCIOJb3YEMEMM aTlJIOMEPUPYIIMM CBA3YKIUM
(cMOTpHM omnpelelJleHVME HMXEe) U LeOJUMTOM OOHUHO COOTBETCTBYIRT YPOBHIO
TexXHUKM, TO eCTb HaxXoOATCcA B »Ouamnas3zoHe 5-20 BeCOBHX UYacTeln
cBA3yomero Ha 95-80 BeCOBHX YacTel LeoJUTa.

ATJIOMepaTH, I[IOJIYYEHHHE Ha 5BTale a), HaxXxoOaATCa JM OHM B
bopme MapuKORB, SKCTPyIoaTOB WU Ipyroro, OBOBIUHO VIMET
CpeIHeuMCJIeHHEV OraMeTp WM »IJIMHY (HauboJbIKM pasMep, eCcJM OHU
He coepunueckue) B MHTeppaje orT 0,2 MM OO 2 MM, B YaCTHOCTH, OT
0,2 mm go 0,8 MM, npemnourmuresibHo oT 0,4 mm mo 0,65 MM, BRJIKUYAS
TPaHMUILIE .

[locjie »Tamna a) caMee MeJIKue arJioMepaThl MOXHO YyIOaJIMThb IIyTeM
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pasmesieHMS B LIMKJIOHE U/MIM IIyTeM [OpoCeMBaHug, W/WUIM  MOXHO
YIaJUTh CJMIKOM KPYIIHHE aTlJIOMepaTH, HalpuMep, IyTeM pa3deJIeHuS B
LUMKJIOHE WMJIM OPpOOJIeHMS B CJlydae BKCTPYLOaTOoB.

CAzyKllee B arJIOMeEPUPOBaHHOM LEOJIMTHOM MaTepuale 1o
HacTodmeMy MW300peTeHuIo, CONEPXUT, a I[IPedloUdTUTEJIbHO COCTOUT U3
TJIMHEL WMJIM CMeCM TJUIMH. OTM TJIMHBE [IPeldloUTUTEeJIbHO BHOpPAaHHE U3
KaoJIMHOB, KaOJIMHUTOB, HAKPUTOB, OVKUTOB, TaJlJIyasuToR,
aTTanyJbIUTOR, CEIMOJIMTOB, MOHTMOPMUJIIJIOHMTOB, OEHTOHUTOBR, WJIJIMTOB
M MeTakKaoJIMHOB, a Takxke M3 CMecel OBYX WM 0oJjiee M3 HUX B JIHOOHIX
IPOIIOPLUAX .

B ciydae bakyJIBETATUBHOTO aTara b) HEOJIMTU B ALUN
arnJIoOMepallMOHHOE CBA3YKIee, MCIOJBE30BaHHOE Ha BTale a), COIepXuT,
10 Becy, IO MeHbmel Mepe 80%, NpPeIloUTUTEJSIEHO II0 MeHbIlel Mepe
90%, OoJiee NOPedloOUTUTEJILHO II0 MeHblel Mepe 95%, B uyacTHOCTM, IO
MeHbIIe Mepe 96% IO MeHbIEeM Mepe ONHOM LeOJUTUIYRMENCS TJIMHE U
MOXeT TakKxe coOepXaTh IpyIMe MMHepaJlbHEE CBA3YyKHMMe, Takue, Kak
OeHTOHUT, aTTanyJsIUT U OpyTHue. [log LeoJIMTUIYIIENCIS IJIMHOM
IIOHMMaeTCcsd TJIMHa WM CMeChb TJIMH, KOTOPHE MOXHO IIPeBpaTUTh B
LEeOJIMTHHM MaTepMaJl, dYalle BCero 10O IeCTBMEeM OCHOBHOTO MEeJIOUHOTO
pacTeopa. leoauTuayommuecsd TJIMHBE OpMHaIJeXaT OOBUHO CeMelMCTBY
KaoJIMHOB, KaOJIMHUTOB, HaKpPUTORB, OVIKMTOB, TaJJIyasmuToB  U/UJKU
MeTaKaoJIMHOB. I[IpedlouTuTesJieH KaoJIMH, KOTOPHM MCIOJL3YIT uale
BCeTO.

M3 po®aBOK, BO3MOXHO MCIOJbIYIMXCSI Ha DTale a), MOXHO
yKasaThb VCTOUHUK okcuma KpeMHHU I JIoBoTOo TUIIA, M3BECTHOTO
crieuMaJMcTy B 0BJlacTM CHMHTe3a LeOoJIMTOB, HalpuMep, KOJIJIOMIHBIM
OKCHMI KpeMHMSa, IOMAaTOMOBEl 3eMIM, IIepPJIMT, 30JbHasd eUib ("fly ash"
IO-aHTJIMMCKM) , Mecok WM Jwobad »Opyrad oopMa TBepIoTOo OKCHIA
KpeMHN .

Ha »sTane a), IOMMMO KPMUCTaJIIMUECKUX 3JIEMeHTOB leoJmTa FAU u
CBA3YKILEero, MOXHO TakkXe HoDaBUTE »OpyIMe nobaBkM, HalpuUMep,
noSaBKU, npenHasHaueHHEe 0JId obJerueHn s arJioMepaluum W
VIIyUleHusa 3aTBepleBaHMa 00pas3soBaHHHX arJjioMepaToB, TaKue, Kak
JIMTHUH, Kpaxma, KapBOKCHUME TUJILLEJIIIIIO3a, u npyrue nobaBKH,
M3BECTHEE CIelMaJIucTy .

Iyns  obxura, MNOPOBOOAMMOI'O Ha 5STalle a), IOpupomZa I'as3o0B,
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CKOPOCTHM IIOBHIIEHMSA TeMIepaTypPH M IIoCJeloBaTeJIbHEEe BHIOEPXKM [IPpU
IIOCTOSHHEIX TeMIepaTypax U WUX IJIUTEeJIbBHOCTL JOJIKHHE I[IOoOOMpaTbCa B
3aBUCUMMOCTM OT IIPMPOOE pacxoIyeMoTo mabJioHa, KOTOpHM OyneT
yoajleH, ¥ B 3aBMUCUMOCTM OT IIPMPOIE CBA3YKIEIO, MCIOJb3YyKIeroCs
Ha DTalle aTlJioMepaluuu a) .

B 4YWacTHOCTHM, e€CJM alJIOMEPAalMOHHOE CBA3yKIEe COIOEPXUT OOHY
nIm HEeCKOJIbKO LHEeOJIUTUSYIOMUX C I TJIVH, OOXUT IIO3BOJISAET
npeoBpas30BaTh LEeOJIUTUIYIOYIOC I TJIMHY, OOBIUHO KaoJInH, B
MeTaKaoJIMH, KOTOPHM MOXHO 3aTeM IIPeBRpaTUTh B LEeOJMT Ha CcTaduu
neoauTUlauvy  (sTan b)) . IpuHIMI ¥3JOoXeH B pabore "ZJeolite
Molecular Sieves", D.W. Breck, John Wiley and Sons, New York,
(1973), p. 314-315.

HeoIUTU3ALNMIO aTJIOMEPAIIMOHHOTO CBA3VIIEIO OCYMEeCTBJIIST JI0OLM
MeTOIOM, B HacTodllee BpPeMS XOPOMOo M3BECTHEIM CIelMaJIuCTy, ee
MOXHO pealnu30BaTh, HanopuMep, IyTeM IOTPpYyXeHUs IponoyKTa,
IIOJIYUYEeHHOTO Ha DTale a), B OCHOBHHM MeJIOUHOM pPacTBOP, OOHUHO
BOIIHEI, HaIpuMep, BOIOHHM  pacTBOP TUIpOKCUIAa HaTpUd  U/UINU
TUOPOKCHUIA KaJlnsd.

Kaxk ofmee NOpaBWMjo, KOHIEHTpallMad MeJJOYHOTO pacTBopa IJ4
LeOoJUTU3alIMY I[IPenrlodTuTeJSIbHO cocTaBjgger oT 0,5 M mo 5 M.
HeomuTM3aluMio OPENNOUTUTEJIBHO IIPOBOIAT B TeIllJle, I[IpU TeMIepaType
BHIIE TeMIepaTyphl OKpyXawley cpeld, OOBUHO IpM TeMIepaTypax

nop4anka 80°C-100°C, HalpuMep, B MHTepBale oT TeMIlepaTypH

oKpyXawnmel cpens (To ecTb OokoJio 20°C) M IO TeMIepaTyph KUIEHUS
MEeJIOUHOT'O pacTBOopa MO8 LeouTHu3auuu. I[IpoIoJIKMTEeJIBHOCTE IIpoliecca
LeOoJINTU3alIuM OBOBYUHO COCTAaBJISET OT HEeCKOJBKMX IOeCATKOB MMHYT IO
HEeCKOJIBKMX YacCoB, MNPeNIOUYTUTEJIEHO IIPMMEPHO OT 1 OO 8 4YacoB.

STranel Cc) ¥ d) KaTMOHHOT'O OOMeHa IIPOBOOATCS KJaCCUUeCKUMU
criocobamMyi, M3BEeCTHEMM CIelUMaJIMCTy, dalle BCeIl'0 IIyTeM KOHTakKTa
aTJIOMepaToB, IIOJIyUYEeHHBX Ha STale a), C CoJbilh Oapus u/WUIM Kalus,
TakKuMMM Kak xJjopun Oapusa (BaCl,) wu/wam rxamms (KCl), B BOIHOM
pacTBOpe IpM TeMIepaType B MHTepBaJle OT TeMIepaTypH OKpyXaKlen
cpemel mo 100°C, mpemmouTuTesbHO oT 80°C mo 100°C, uToOH OHCTPO
[IOJIYYUTE BEICOKME COomepXaHud 0Oapusd, BHpaXeHHHEe B OKCHIe Oapudg,

T.e. IOPenrIouTmTesIbHO Breme 10%, IOIpelllOUTUTEJIbHO BhIIle 15%, OUeHb
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OPEenIouTUTEeJIbHO Brile 20%, elle 0OoJiee IMNPeOIOUTUTEJIBHO BHIle 23% U
oaxe BoIIe 33%, IO BEeCYy OT IIOJIHOT'O Beca alncopbeHTa.

[lpennouyTmMTeJIbHO, comepxaHue Oapusd, BHpaXeHHOE B OKCUIe
Bapusg, cocTaBJsgeT OT 23% mo 42%, Tunmuydo oT 30% mo 40%, BkJmOUad
TPaHMUIE, I[IO BeCcy OT IIOJIHOTO Beca ancopbeHTa. I[IpemrIouTmUTesIbHO
paboTaThk C OOJIBIMM M3OEITKOM MOHOB 0Oapuid IO CPaBHEHMIO C KaTMOHaMM
IeoJIMTa, KOTOPHEEe XOTAT OOMeHATH, OOBUHO IpM WU3OHTKe HopAanka 10-
12 pas, NpelnouTUTeJIbLHO IpPOBOOA nocJiegoBaTeJIbHO HECKOJIbKO
OOMEHOB.

PakyJILTAaTUBHEM OOMeH C KaJueM (sTan d) MOXHO IIPOBECTH Ilepen
u/nau  mnocjie obMmeHa ¢ OapueM (sTan c¢). Kak YyKa3HBaJIOChL BHIIE,
MOXHO TaKXe OCYImEeCTBMUTE Ha DTalle a) alJloOMepalri KpUCTaJLIMUeCKUX
DJIEMEHTOB lieosiMTa FAU, yXe cCcomOepXalleT'o MWOHHE 0Oapusda WM KaJud W
Bapua M kaaua (OIpeIBapUTeJIbHEM oO0MeH KaTMOHOB, IIPUCYTCTBYIIMUX B
MCXOOHOM LeoJinTe FAU, 0OOBUYHO KaTMOHOB HaTPWMSA, Ha WOHH 0Oapudad WK
Kalrda wiru ©Oapud M KaJiiMd IIepel BTaloM a) M OoTKasz3aTbCcHad (MM HEeT)
oT sTamnoB c) u/mam d).

HeoxmMmaHHO aBTOPH 3adBKM OOHAPYXWUIIM, UYTO D3Tall KaTMOHHOTIO
oBMeHa, KOTOPHM MOXeT OBTH CJOXHBM M3-3a MHOOBOJIBHO 3HAUMTEJLHOM
XPYIKOCTM CTPYKTYPBE LEOJIMTHHX KPUCTAJIJIMUECKUX  BJIEMEHTOB, He
BJIMSEeT Ha CBOMCTBAa, IMIPUCYIMe YyKasaHHBM LeOJMTHHM KPpUCTaJlJInueCKUM
BJIEMeHTaM, TaKMe KaK BHellHAA I[IOBEPXHOCTL U 00BeM MUKPOIIOP
(OTHeCeHHHM K Becy aIlcopbeHTa Iocjle oBMeHa) .

[Toce OOHOT'O WJIM HECKOJIbLKMX  2TalloB KaTMOHHOTO obMeHa
OPUCTYIIAT K IIPOMBBKEe, OOHUHO M IIPeOlouTUTEeJIbHO BOOOM, a 3aTeM
IIPOBOOAT CYIKY IIOJYUYeHHOTO alJloMeparTa.

AKTHUBALIMIO, KOTOpas clelyeT 3a CYIKOM, NIPOBOOAT KJIAaCCUUECKUM

CcriocotoM V3BECTHEMU CreumaJiucTy MeToIaMn, HalprMep, npu
TeMIepaType OOBUHO B MHTepBaje oT 100°C mo 400°C, NOpednouyTUTeJIbHO

or 200°C mo 300°C B TeueHMe IepuoOIa, yCcTaHaBJIMBaAeMOTO B
3aBUCUMOCTHU oT comepXaHus BOIH un KeJlaeMBIX IoTephb opu
NpoKaJIMBaHMM, OOBUHO OT 1 mo 6 uJacoB.

HacTogmee nsobpeTeHne OTHOCUTCHA TakKxe K IPpYMEeHEHMIO
BBLIIEOIIMCaHHBIX 1€ OJIMTHEIX amCcopOeHTOB B KauecTBe CpeICTB

a,JICOpéLH/H/I, KOTOPEE MOTYT C YCIIeXOM S3aMEHNUTDBb OIIMCaHHEE B
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JUTepaType aOCcopOeHTH, Ha OCHORBRe OOBUHHX KPUCTAJIJIOB LeoJMTa THUIla
FAU, Braodawnmux OapuMl WM Oapul M KaJui, CcoIepXaHMs KOTOPHX,
BHPAXEHHHE COOTBETCTBEHHO Ha OKCUI Oapusa MM OKCHUI Oapud U Kajus
TakMe, Kak YyKas3aHO BHIIe, WJIM Ha OCHOBe OOBUHHEX KPUCTAJJIOB
neosiMTa Tuna FAU, coepxamero Oapu¥t wuiamu Oapu¥ U KaJduh, B
YAaCTHOCTM, B IIEePeUMCJIeHHEX HIKe O00JlacTAX IPpUMEeHeHUd:

- paszeleHMre OpaKUuM apoMaTHUUeCKUX u30MepoB Cg, B YaCTHOCTHU,
KCWUJIOJIOB,

- pasleJIeHMEe M30MepOB 3aMelleHHOT'O TOJIyoJla, TakKux, Kak
HUTPOTOJIYOJI, IOUSTUIITOJNYOJ, TOJYOJOAMaMMH U OPpYTUX,

- pa3nejieHVe pe30JI0B,

- pasmejieHVe MHOTOATOMHHEX CIMPTOB, TakuxX, KaK caxapa.

N30B8peTeHre OTHOCUTCH, B UYacCTHOCTM, K CIHOCOOY BHIOEJIEHUSA
napakcmioja ¥3 QpaKUMKM apoMaTUUYEeCKMX M3OMEPOB C 8 aToOMaMM
yIJlepoma, B KOTOPOM B KaueCTBe CpeIOCTBa ancopbumu IapakKCcuiioja
UCIIOJIL3YEeTCS IIeOJIMTHEY ancopOeHT, coIepXxamui Oapui u/WUIV KaJni,
VIMEMNM BOJIBIIYIO BHEIHK IIOBEPXHOCTE, XapakTepusyeMy 1o
ancopbumm aszsoTa, OOBYHO OoJbme 20 NF/P, NIpennouTmuTesibHO OGoJisme 40
M?/T, ©GoJlee NPemIoOYTHTENLHO oT 40 M°/T mo 200 M/T m Gojee
OPEenrIouTUTEeJIbHO B MHTepBajie OT 60 M?°/T mo 200 M°/T, BKJIOYAd
TpPaHMUE, OCYWeCcTBJAeMOMY B XMIOKOOa3HEIX IIpolleccax, a TakXe B
rasoBoM pasze.

Tak, XeJlaeMelM NOPOAOYKT (MIapakKCUJIOJN) MOXHO BHOEJIUTH C IIOMOMBIO
npernapaTUBHOM ancopBUMOHHOM KUOKOCTHOM XpoMaToTrpadun (B
IepruoOOMUEeCKOM peXuMe), a NPeAalouTUTEeJIbHO B HENPEepHBHOM pPexyuMme C
IICeBIONBMXYIIMMCS CJIOEM, TO €eCTh C IICEeBIOABMXYMMMCS IPOTUBOTOUHO
WK IPAMOTOUYHO, BoJiee KOHKPETHO, c IIPOTURBOTOUHEIM
ICeBIONBVXYMMMCS CJIOEM.

Paboune YCJIOBUA IPOMBIIIJIEHHON YCTaHOBKU ancopduun
IPOTUBOTOUHOTO THUIIA OOHUHO CJelyolye :

- UucJo cJjoeB: 6-30,

- UMCJIO 30H: IO MeHbNeW Mepe 4 paboume 30HE, OIpUUeM KaxXnas

HaxXOOMTCAd MeXIy TOUKOW MNUTaHMsa M TOUKOM oTdopa,
- Temmnepatrypa oT 100°C mo 250°C, mnpenmoutuTesbHO oT 150°C mo

190°C,
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- IaBJIeHMe B IIPOMBIIJIEHHOWM YCTaHOBKe B IMalasOoHe OT IaBJIeHUS
HaCHIEHNA KCWJIOJIOB IIPM TeMllepaType Ipolecca no 3 Mlla,

- OTHOmEeHMe pPacxXxomoB OecopdeHT/CHpbe OT 0,7 mo 2,5,
HanpuMep, oT 0,9 mo 1,8 @mjagd eIMHCTBEeHHOM aICOopOLMOHHOM YCTaHOBKMU
(HasweBaemoM "stand alone") m or 0,7 mo 1,4 1naga aIcopBUMOHHOM
YCTAaHOBKM, KOMOMHMPYEMOM C YCTAHOBKOM KpPUCTAaJJIM3alUU,

- CTeleHb PeUMpKyJauuMuM oT 2,5 mo 12, OpenmnouTmTeJIbHO OoT 3,5
oo 6.

B sTOoM CBA3M MOXHO COCJAaTLCS Ha pPeKoMeHIauuu IaTeHToB US
2985589, US 5284992 m US 5629467.

Paboure VCJOBMA B MIPOMHIJIEHHOM MOIPAMOTOUHOM amcopOlUMOHHOM
YCTaHOBKe B ILIeJIOM TakKMe Xe, Kak B IIPOTMBOTOUHOM, 3a MCKJIOUeHMEM
CTENEeHM PeUMPKYJIALUMUM, KoTopasd OORUHO cocTaBjdeT oT 0,8 mo 7. B
TOM OTHOIEHUNM MOXHO COCJAaTbCd Ha naTeHTH US4402832 m US4498991.

PacTBopuTesb ODecopdumun MOXeT OHITH JIIOOBIM M3BEeCTHEM
CIIeuraJnucTy IecopOeHTOoM, TeMIIepaTypa KUIIEHMS  KOTOPOTO  HUXE
TeMIIepaTypPH KUIIEHU A CHPB A, TaKMM Kak TOJIYyOJI, a TaKxe
necopbeHTOM, TeMIlepaTypa KMUIIEHMS KOTOPOI'O  BHIIE  TeMIlepaTypH
KUIIeHU I CHPB A, KaKk [Hapa-IusTuiI0eH30JI (PDEB) . CeJIeKTUBHOCTE
ancopOeHTOB 1o n300peTeHU B ancopbunm napakcuioJa,

comepxamerocad B apoMaTHMUeCKUX oOppakumsax C8, 4gBJIAeTCS OITMMAaJIbLHOM,

KoTma roTepu pu npoxaJiMBaHuu, U3MepeHHEEe npu 900°cC,
NpennouTUTeIbLHO MeHble WU PaBHH 7,7%, NPearnouTUTeJIbHO

cocraBjagaoT ot 0 mo 7,7%, oueHb IOpeldlnouTuTeslbHO oT 3,0% mo 7,7%,
BoJiee IpennoudTUTEeJILHO oT 3,5% oo 6,5% u elne BoJiee
npenmnouTmuTesibHO OoT 4,5% mo 6%, BKJIOUasd I'PaHMIIH.

ATJIOMEPMPOBAHHEE I[IEeOJIMTHHE aOCOopBeHTHE COIJIACHO HaCTOoAMeMY
nz3obpeTeHurn oO6JalalT OIHOBPEMEHHO XapaKTepUCTHMKaMM TpPaIVIVMOHHBIX
LeOJIMTHHX aIlcopOeHTOB, M3BECTHHX B IaHHOM o0JlacTu, B YacTHOCTH,
MexXaHMUe CKUMMI CBOVICTBaMM " MUKPOIIOPUCTOCTHIO, IpuueM
XapaKTepUCTUKM TUIO0AJIEHOTO MacCCOIlepeHOoCa MaKCHMMAaJIbBHO I[IOBEIIEHE 10
CpaBHEHUID C 1€ OJIM THEIMA ancopbeHTaMu Ha OCHOBE OOBIUHEIX
KPUCTAJIJIOB .

Kpome TOTO, crioco® IIOJIydeHMSd IHOpeljlalaeMex M300peTeHMeM

aTJIOMEPUMPOBAHHEIX LEOJIMTHEHX aOCOpOeHTOB Ha OCHOBe LeoJuToB FAU cC
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OOJILIMOM BHEMHEW IIOBEPXHOCTBIO ABJAETCS JEeTKMM B OCYIMEeCTBJIEHUN,
OLICTPEIM ¥ SKOHOMWUHEM  CIOCOOOM, KOTOPHEM JEeI'KO BHEIPUTH B
MPOMBINJIEHHOCTEL C MMHUMYMOM AT OB.

Ciienywomue [IPUMEPH [IO3BOJIAIT MPOUJIIIOC TPUPOBATE OBBEKT
n300peTeHna ¥ IPUBOIATCA TOJILKO IJIS CBeIOeHMS, HO HUKOMM 00pasoM
He npenHas3HadyeHH nJIs OTPaHNUEeHUSI pasJIMUHBIX BapMaHTOB
OCYIEeCTBJIEHMS HACTOAMeTro M300peTeHus.

B ciemyommx — IOprMepax — (uU3nUecKMe  CBOMCTBa  aIlJIOMepaToB
OLIEHVBAJIMCL  MB3BECTHBIMM  CIelMaJucTy  crnocobamu, OCHOBHEIE U3
KOTOPHEIX OINMCHBAKTCS HIWXE.

MeTomor MCCIeIOBaAHUST

PasMepE UaCTUIL

OlLleHKY CpenHeUMCJIEHHOTO ovaMeTpa BJIEMEHTOB (T.e.
KPpUCTAJIJIOB) LeoJiMTa Tula FAU, MUCHOOJB3YKIUXCA Ha DTale a), U
3JIEMEHTOB (T.e. KPUCTAJIJIOR) eoJnuTa X, coIepXammxcsa B
anJioMepaTax, OCYIMEeCTBJISIN IyTeM HabJooeH UM B CKaHUPYIUM
SJIEKTPOHHEM MMKpPOCKOI (C3M) .

UTOOE OLEeHUTL pa3Mep dYacTUl (T.e. KPUCTaJJIOB) LeoJuTa Ha
obpasuax, InejlaeTcsa pPAI CHUMMKOB C YBeJMUEHMeM I[I0 MeHBIIell Mepe
5000. BaTeM wusMepdeTcHd IOMaMeTp I[IO MeHbmem Mepe 200 ywacTul C
IIOMOIILID CIlelMaJIbHOM IIpoTlpaMME, HalpuMep, OporpaMMe Smile View B
penakTope LoGraMi. TOYHOCTBL COCTAaBJIAET OKOJIO 3%.

XUMUUECKU aHaJiM3 HEeOJIMTHHEX ancopOeHTOB — oOTHomeHMe Si/Al u

CcTelleHb oOOMeHa

SJIeMeHTHEM XUMUU e CKUN aHaJms3 KOHEUHOTO npoOyKTa,
[IOJIYUEeHHOTO IIOCJIe OIMCAaHHBIX BbIMe 5STarnoB a) - f£), MoxeT OHTH
pealn3oBaH PasInJYHEMA aHaJIMTUUYe CKUMU MeToIoaMM, M3BeCTHEMA

crnelMaJucTy. M3 BTUX MeTOOOB MOXHO Ha3BaThk XVMUUECKUM aHalln3
METOOOM PEeHTITeHOBCKOWM QuyopeclieHIIMM, KaK ONMCaHO B CTaHmapTe NF
EN ISO 12677:2011, Ha CIHeKTPOMeTpe C IOUCHEepCHeN [0 IJIMHEe BOJIHH
(WDXRF), nHanpumep, Tiger S8 oT odupmel Bruker.

PeHTreHOBCKAHA biyopecueHLIMA ABJIAEeTCH HepaspylaliM
CIIEKTPAaJIbHEM METOHOOM, MCIOJb3YyKRIUM QOTOJIIOMMHECLIEHIIMIO aTOMOB B
ovarla30He PEeHTIeHOBCKOTO CIeKTpa, UYTOOH YCTaHOBUTH BJIEMEHTHEMN
cocTaB oOOpasua. Bos3OyxmeHuMe aTOMOB, OOBUYHO IMIYUKOM PEHTIeHOBCKUX

Jgydyer WIn 6OM6ap,JIMpOBKOﬁ DJIEKTPOHaAMHM, CO3maeT ocoboe U3JIydeHUre
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IIoCJle BO3BpaTa B OCHOBHOE COCTOAHMEe aToMa. [IpeMMymecTBOM CIIeKTpa
PEHTTEeHOBCKOM OQJIyopeclleHlMM COCTOMT B TOM, UTO OH OueHb cJabo
3aBUCKUT OT XUMMUECKOTO COeIMHEHMS DJIeMEeHTa M UYTO OH JaeT TOUHOe
onpenejyieHue, Kak KOJIMUECTBEHHOE, Tak u KaueCTBeHHOe.
Kimaccuuecku, 1nocje KalubpOoBKM OJ4 KaXOOT'O OKCHMIa OOCTUIAaT
IIOTPEellHOCTU M3MepeHuM MeHbme 0,4 Bec.$%.

STOT BJIEMEeHTHHM XMMHUUECKMIM aHaJM3 II03BOJIIeT OIHOBPEMEeHHO
IPOBEPUTEL aTOMHOE OTHomeHMe Si/Al  1LeosiMTa, MCIOJIL3YRMEeTrocd B

aTJjioMepare, M aToOMHOe OTHomeHMe Si/Al KOHeUHOTO MNpoOyKTa,

[IOJIYUYEHHOT'O TIIOCJIE BBIIEONMCAHHEIX BTalnoB a) - f), ¥ TIIPOBEPUTH
KauecTBO MOHHOTO oBmMeHa, ONIMCAaHHOTO Ha sTare c) " Ha
bakyJbTaTUMBHOM 5STale d). B omomMcaHMM HacCTOoAmeI'o U300peTeHUd

[IOTPEMHOCTE M3MEPEeHMSI aTOMHOTO OTHomeHus Si/Al cocTaBjsgerT +5%.

KauecTBo MOHHOTO oOOMeHa CBA3aHO C UMCJIOM MOJIeM OKcHuIa
HaTpusa, Na,0, ocTawnmerocsa B LEeOJIMTHOM alJloMepaTe I[Iociie OOMeHa.
BoJjiee TOUHO, CTeleHb oOOMeHa Ha MOHE QOapusa ONpelelidlT, OlLleHUBasd
COOTHOIEeHKe MeXOy UMCJIOM MoJle okcuia ©Oapusa, BaO, ¥ CcyMMapHHEM
yycJIoM MoJie (BaO + Na,0). AHaJJOI'MUHO, CTeleHb ofOMeHa Ha MOHH
Bapms M/UIM Kajdusg OIpenesiSioT, OlleHMBasd COOTHOIMEeHMe MeXOy UMCJIOM
MOJIEM CMCTeMHBl OKCUI Oapusa + okcun kaausa (BaO + K,0) M umcjoM
MOJIEM  CHUCTEeME (BaO + KO + Nay0). CiiemyeT OTMETUTEH, yTo
COOEepPXaHMA PasJIMUHEX OKCHUIOOB IIPMBOOATCH B BEeCOBEHX IIPOLEHTax OT
[IOJIHOT'O Beca 0Oe3BOIHOTO LEOJIMTHOTO aIcopbeHTa.

T'paHyJIOMETPUUECKNY COCTAB IEOJIMTHHX aICOopOeHTOB

OnpenejieHue CPelHeuUMCIJIeHHOTO oraMeTpa LEOJIUTHEIX
ancopOeHTOB, IIOJIYYEHHEIX I[IOCJIie »BTalla a) alJloMepaluuu ¥ QopMOBaHUMA,
OCYWEeCTBJIADT aHaJlM30M I'PaHyJIOMeTPUMUEeCKOI'O pacllpelieJieHrusa obpasla
arjioMepaTa IIyTeM aHaJu3a u300paxeHuM, COIJIaCHO CcTaHmapTy ISO
13322-2:2006, wucnojges3ysa Oelyllyl OOPOXKY, II0O3BOJIAKIYKD IIPOBOIUTH
obpasell nepell OOBLEKTUMEOM KaMepH.

BaTeMm nus pacrpelellIeHNA 1o pa3sMepam PacCumMTEBAanT
CpelnHeUMCJIeHHE OMaMeTp, I[IpMMeHsas cCcTaHpmapT ISO 9276-2:2001. B
HacTodmeM OOKyMeHTe IOJIA LeOJIMTHHX  alJloMepaToB  MCIIOJIb3yeTCHd
TepPMUH "CpeOHeUMCJIEHHHN ouaMeTp" W IIPOCTO "pasmep". B

OIMMallasoHe pasMepoB aIlJloMepaTOoB IIO MSO@peTeHMIO TOUHOCTE WV3SMEPEHNA
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cocraBjydeT nopsanka 0,01 mM.

MexaHMueckad ITOPOYHOCTE LEOJIMTHEX aHCOpéeHTOB

[I[pOYHOCTE Ha paslaBJIMBaHMEe CJOA ILEeOJIMTHHX aICcopOeHTORB,
OINMCHBaeMEX B HaCTOAmMeM Mu300peTeHUM, XapaKTepr30BaJM I[I0 MeTony
Shell, cepusa SMS1471-74 (Shell Method Series SMS1471-74
"Determination of Bulk Crushing Strength of Catalysts.
Compression-Sieve Method"), B coueraunmmu c npubdopom "BCS Tester",
BHIIyCKaeMelM B Ipomaxy oupmort Vinci Technologies. 3SToT wMeTOn,
IepBOHAYAJILHO IpeOHasHAUEeHHB  OJId aHaJlmza KaTaJnu3aTopOoB c
pasMepoM OT 3 MM OO 6 MM, 0a3MpyeTcsa Ha WMCIOJbL30BaHMM cuTa 425
MKM, KOoTOopoe II03BOJIAET, B YacTHOCTHU, OTOEeJIUTH MeJIoUb,
oBpa30oBaHHYKL HIOpu OpobieHnM. CuTo 425 MKM OCTaeTCcHd TMOOXONAMMM IJIS
MCIIOJIL30BAHMA B CJydyae dYacTHull OuamMeTpoM OoJkme 1,6 MM, HO IOJIKHO
IoIcTpaMBaTbCsa B 3aBUCUMOCTM OT TpPaHyJOMEeTPpHMM  aIlJioMepaToB,
KOTOpPHE ILJIaHUPYEeTCHa OoxXapaKTepu30BaTh.

ATJIOMEepAaTH IO HacTodAmeMy M300peTeHMO, OOHUHO B BUIEe IAapUKOB
WUIM SKCTPYIOaTOB, TUIIMUYHO MMeT CpeOHeUMCJIeHHEM OUMaMeTp WK
OJIMHY, T.e. HauboJbllee u3MepeHue B ciydae HechepUuecKkmx
arnJjioMepaToB, B MHTepBajie orT 0,2 MM Oo 2 MM, B dYacTHocTu, oT 0,2
MM nmo 0,8 MM m mOpenmnoururesibHo orT 0,4 mvm mo 0,65 MM, BKIKOUYad
TpaHULE. IlosToMy BMecTO cuTa 425 MKM, VYVIOMAHYTOTO B METOIe
Shell, cra"mapT SMS1471-74, wmcnoje3zyetrcsa cuTo 100 MKM.

[IpOTOKOJI  UBMEPEHUM  CJIeIYIOmMN : obpasell  arJIOMePUPOBAHHEX
ancop6eHTOoB obwemoM 20 oM, IpelBapUTesSIbHO IIPOCEeSHHHEM uepes

noaxonamee cuTo (100 MKM) ¥ OpelBapUTeNIbHO CYIMBIMMCA B mIKady B

TeueHMe IIO MeHbllell Mepe 2 YacoB npu 250°C (BMecTO 300°C,
YIIOMAHY TEIX B cTaHmapTe Shell SMS1471-74), rIoMemamnT B
MeTaJJIMUeCKUM LIMJIMHOP C WM3BEeCTHHM BHYTPEeHHMM cCceueHMeM. K sToMy
oBpaz3ly C TIOMONBK TIOPWMHSA IIPUKJIAIHBAETCHd CTYIIEHUATO BO3pacTaKlee
yCcuime yepes cJon 5 oM’ CTaJILHEIX  MapWKOR, UyTOOH  JIydlle
pacrnpenejJmTb yCcuime, OKaszEBaeMoe [IOPIIHEM Ha anJioMepa TH
ancopbeHTa (MCIOJBb30BaHME MAPMKOB OMaAMETPOM 2 MM IJIS 4YacCTUIl
cbeprueckoy GOpPMEl, OMaMeTpP KOTOPHX CTPOTO MeHbIle 1,6 MM).
MeJious, MOJIYUEHHYK  Ha  pPas3HHX CTYIIEHAX naBJIeHUS, OTHEJIAT

npocemuBaHueM (mnomxonmsdamee cuTo 100 MKM) M B3BEIMBAKT.
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ConpoTHUBJIIEHVE pas3laBIMBAHUIL B CJIOE OIPeNelJIsiT KaK »OaBJIeHKEe
B MeTranackajagax (Mla), OIpM KOTOPOM KOJMUECTBO COOpaHHOM MeJouu,
Ipomenmey dYepe3s CUTO, NoBmHmaercsa no 0,5% oT Beca ofbpasua.
BeMuyHy 2TOTO IapaMeTpa I[IoJiydalT, HaHOCH Ha TI'paduk Maccy
IIOJIYUEHHOM MeJIOUuM B 3aBMCUMOCTM OT CUJIE, [IPWUJIOXKEHHOM K CJIOK
ancopbeHTa, ¥ UHTepnoJupya k 0,5 Bec.% cob®paHHOM MeJIOuM.
MexaHMueckas NIPOYHOCTHL Ha paslaBJjMBaHMe B CJOoe OOBUHO COCTAaBJIAET
OT HEeCKOJIbKMX CcoTeH KIla IO HeCKOJbLKMX IecCsaTKoB Mlla, OOBUHO OT
0,3 Mlla mo 3,2 MIla. IlorpemHOCTL, Kak IIpaBuJo, MeHbme 0,1 MIla.

HeueonmMTHasas ¢asa LEeOJIMTHHEX amcopOeHTOB

IMoJjia HeleoJUTHOM ¢as3wl PNZ, HaopuMmep, He IIpeBpaleHHOTO B
LIeOJIUT OCTATOUHOI'O CBA3yKIeI'o, WM JoOoM »OpyTroM amMopdHOM daszH
[IOCJie LeOJIMTU3AalMM PacCUMTHBAETCA IO ClelyrleMy YPaBHEHUO:

PNZ = 100 - X (PZ),

Tne PZ o3HavaeT CyMMapHOe KOJIMUeCTBO ILeOJIMTHEX opakuui X B
CMBICJIE U3B00pEeTeHUd.

KonmnMuecTBO LEOJMUTHEX Opakumuil X (CTeneHb KPUCTAJJIMUHOCTH)
V3MEPART PEeHTIeHOOMOPaKUMOHHEIM aHaJIM30M, WM3BECTHEM CIelMaJiMCTy
non abbpeBuaTypoM DRX. 39To aHalM3 OCYWMECTRJSADT Ha Ipubope MapkKu
Bruker, 3BaTeM KOJMUECTBO LEOJIMTHEX oGpakumui X OLeHMBAKT C IIOMOILIO
KOMIILIOTepHOM mpoTrpamMMel TOPAS oT dupmel Bruker.

06BeM MVKPOIIOP M BHEIHAA TIOBEPXHOCTH

CTereHb KPpUCTaJIJIMUHOCTIM aIrJioMepaTOB OLeHMBaKT TaKXe IIyTeM

M3MepeHNA nx obwreMa MVKPOIIOP, CpaBHMBaA eTro C ITIOOXO O AMYVIM

3TaJIOHOM (meosmaT, Ha 100% KPUCTAJIJIN30BaHHBM B MIOEeHTUUYHEBIX
YCJIOBUAX KATUMOHHOM 00padoTKM, WIM TeOopeTHUUeCKUM LeOoJIUT). ITOT

00BEM MUKPOIIOP OIPemelIanT W3 W3MEepeHUs M30TepMbE alcopbuum rasa,
Takor'o KakK as30T, IIpM er'o TeMllepaType lepexolda B XUIKYyKD ¢asy.

Ilepen ancopobumnen LeOJIM THEIM agcopBeHT nerasupyoT Ipu
TeMnepaType 300°C-450°C B TeueHMe mnepuoma oT 9 mo 16 uyacoB, B
BaKyyMe (P<6,7-1O’4 [Ta) . BaTeM ONpPeneydRT WM30TepMy alcopbuun
azoTa npmu 77K Ha npubope Tuna ASAP 2020 M or Micromeritics,
IpOBOIOA M3MepeHMe II0 MeHbIleM Mepe B 35 Toukax IIPpM OTHOCUTEJHbHBX
maBjeHnax P/Pg B mHTepBaje or 0,002 mo 1.

ObwpeMm MMKPOIIOP, a TakKXe BHEIHIK IIOBEPXHOCTE OllpelelIdiT 13
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IOJIYUEHHOM M30TepMH 110 MeTony t-plot, mnpumeHss crTaHmapT I1SO
15901-3:2007 m pacCuMTHBaA CTaATUCTUUECKYK TOJIMHY L IO ypPaBHEHMO
XapkuHca-lOpa. OOBeM MUMKPOIIOP ¥ BHEIHK I[IOBEPXHOCTH PaCCUMTHEBAKT
MeTONOM JIMHEMHOM perpeccum o ToukaM t-plot B wmHTepBaje oT 0,45
oM no 0,7 HM, MCXOOS COOTBETCTEEHHO M3 HaUaJIbHOM OPIMHATH U
HakJIOHa  pPerpecCHMOHHOM  HNpPAMOM. PaccuMTaHHBEMN 00BEM  MMKPOIIOP

BEHIpaxXaeTCAa B CM; KMOKOTI'O aHCOpéMpOBaHHOPO BemeCTBa Ha I'paMM

amcopGeHTa. BHemHsAsS I[IOBEepPXHOCTL BHpaxaeTcs B M° Ha TI'paMMm
ancopbeHTa.

[TOJIHEIA OOBEeM MaKpPOIIOp UM Me30IIop

[TOJIHEM o0BeM MakKpoIlop u Me30IIop N3MeP AJIN MEeTONOM
[IOPO3UMETPUM IIO BIOaBJMBAHMK PTYTHM. MeToHm BIOABJMBaHUA PTYTU
MCIIOJIb3YyeTCa IJisA XapaKTepUCTMKM  o0OBeMa BHYTPM3EPEHHEX IIop,
3aHATOT'O IopaMM OuaMeTpaMy CBhle 3,6 HM B I'PaHyJIMPOBAHHOM
LeOJIMTHOM  MaTepualle, a Takxe MCIIOJIE3YeTCHd 0JIs U3MepeHUd
IUJIOTHOCTU 3epHa. [Jsa aHamM3a paclpelnejieHusa oObeMa I[I0p, 3aHATOI'o
MakpolopaM IOuaMeTpoM OoJible 50 HM M Mes3ollopaMM pas3MepoM oT 3,6
HM no 50 HM, MCHOJIB3YeTCsS PTYTHHEM HOpOo3uMeTp Tula Autopore® 9500
orT GupMEl Micromeritics. OOBeMHYK IOOJIO MaKpOIop pacCCUYMTHBALT,
neJjii 0oO0BeM MaKpPOIIOP Ha IIOJIHEM O0BeM MaKpOIIOp M Me30Iop.

SKCIepUMEHTaJIb HEM MeTon, ONMCaHHHN B PYKOBOLCTBE 1o
IIPpMMEeHeHMI0 YCTpPOMCTBA, COCTOMT B TOM, UTO IIpelBapMUTeJIbHO
B3BelMeHHH)  ofpasell ancopbeHTa (C MBBEeCTHHMM I[OTEpAMU IIPU
IpOoKaJIMBaHUN) IoMemamnT B  AUelKy I[I0opo3MMeTpa, 3aTeM, rocJie
NpeIBapUTEJIbHOM OerasaluM (pas3pexeHue no 30 MxM Hg B TeueHMe IO
MeHbIe Mepe 10 MMH), B3aloJHALT SUYelKy PpPTYThL OIpM 3alaHHOM
IOaBJIEHUU (00,0030 MIla) " 3aTeM NPUKJIaOEBAanT oaBJleHMne,
IoBHMAKIMEeeCcd [oaTanHo no 400 Mlla. 4YTOOH IIOCTEIIeHHO IIpOLaBJIMBATH
PTYTE B I[IOPUCTYKR CTPYKTYypy obpa3la.

COOTHOWIeHMe MeXOy IIPWUIIOKEHHEIM HaBJIeHMeM UM OUaMeTpoOM IIop
YyCTaHaBJIMBAaKT B I[IPEOIOJIOXKEeHUN UWIMHIPUYECKUX I[IOp W I[IPpMHMMAaA
KpaeBOM yToJ Mexnoy pPTYThl U CTEeHKOM op PaBHBEM 140° nu
[MOBEPXHOCTHOE HATIXEeHUe PTYTV paBHbEM 485 nmH/CM.

HOTepM TPV TIPOKAJIMBAHUMM 1LIEOJIMTHEIX aHCOpéeHTOB

HOTepM Inpn IIpoKaJIMBaHNN oIipenelIdnT B OKMCJIUTEJILHOM
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aTMochepe nOyTeM OoOxmMIa ofpa3lla  Ha BO3OYyX I[OIpM TeMIepaTrype
900°C+25°C, cJyemys MeTOOMKe, OIMCAHHOM B cCcTaHZapTe NF EN 196-2
(ampeJsip 2006) . CraHmapTHada HOTPENHOCTL M3MepeHuM MeHble 0,1%.

OmnpenejsieHre XapaKTepMCTUMK afcopbumy M3 XKMOKOM Gas3k 110

IIPOCKOKY
MeTom, MCIOJb3YEeMBM IJII M3YUeHMS ancopbumy MOJIEKYJI U3

KUIKOM @asu: Ha IIOpMCTOM TBepIOM MaTepHralle, Has3HBAaEMBM METOIOM

IIPOCKOKA, ommcan Ruthven B "Principles of Adsorption and
Adsorption Processes" (John Wiley & Sons, (1984), roia. 8 m 9),
I'oe MeTOI KPMBHX Ipockoka ("breakthrough curves") onpenmensercd

Kak rMccJiegoBaHIUE OTKJIMKa Ha BBeIIE€HNA cepnm ancop@mpymmmxcg
KOMIIOHEHTOB.

AHaJIn3 CpemHeIro BpeMeHM BHXOLa M3 KPUBHEX I[IPOCKOKA (HepBHﬁ
MOMEHT) IIaeT MH@OpMaHMD O KoJIMuecCcTBax aHCOpéMpOBaHHHX BelleCTBE U
IIO3BOJIAET TakXxe OLIEHNUTE CeJIEKTMBHOCTMN, TO eCThb KO2QOULIMEHT
PasoejieHn4d, MeXnoy IBYMA aHCOpéMpyDMMMMCH KOMIIOHEHTaMIM .
PexomMeHDyeTCH BBeIIcHNEe He ancop@mpymmerocg KOMIIOHEHTa,
VMCIIOJIBE3yKmeI'oC4d KaK MHIMKAaTOPp, HOJIA OLEHKNM HeCeJIEKTHMBHEX OOBLEMOB.
AHanms OVCIIepCH1NA KPMBEIX IIPOCKOKa (BTOpOﬁ MOMEHT) IIO3BOJIAET
OLI€eHNMTE OSKBUMBAJIEHTHYIO BLEICOTY TeOpPeTHUUEeCKNUX TapeJiloK, OCHOBAaHHYIO
Ha IIpencCTaBJIECHUN KOJIOHHEI Kak KOHEeUYHOTI'O drcJia TUIIOTEeTUUEe CKMUX
PeakKTOoOpOoRB nmoeaJIbHOTI'O CMelleHM A (TeOpeTquCKMe CTYHGHM), oTa
BEICOTa ABJIAeTCHA HpHMOﬁ Mepoﬁ oceBoOM IOUMCIIepCUM W COIIPOTUBIIEHUA
CUCTEeMEl MaCCOIIEepeHOCY .

ODpyuMep 1l: CuHTe3 HeonmuTa FAU ¢ 60NbWON BHEWHEN NOBEPXHOCTHIO

MeosmT FAU cc OOJBIION BHeMHEM I[OBEPXHOCTB CHUHTE3UPOBAJU
OpAMBEIM  CIiocoBoM, KaK OoIIMcaHo B cTaTbe Inayat m coTp., Anhgew.

Chem. Int. Ed., (2012), 57, 1962-1965).

Sran 1): [IpUTOTOBRJIEHME  POCTOBOTO TeJd B pPeaKTope C

rnepeMemBaiHMeM MHEeKOM, BpamawomyMmca Ha 300 ob/Muu

B peakToOpe ns HepXaBeKmen cTanu, oBopyIOBaHHOM
HarpeBaTeJlLHOM pydamkomn C I BOVHBIMM CTEeHKaMH, OaTUMKOM
TEMIIepaTypPH M MeMajiko¥, TOTOBAT POCTOROM T'ejlb, CMelMBasg pacTBOpP
aJlioMMHaTa, comepxammy 119 1 1mHIpokcuia HaTpusa (NaOH), 128 1T

OKCHIOa aJIloMMHMA TpurungpaTta (Al,0s3,3H,0, comepxamui 65,2 Bec.%
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Al,03) m 195,5 T Bomu mnpu 25°C B TeueHMe 25 MMHYT CO CKOPOCTBIO
nepememmBanmusa 300 o6/MMH B pacTBOpe CMJIMKAaTa, comepxamero 565,3
T cuamkaTra Hatpusg, 55,3 © NaOH m 1997,5 1 Bomm mpu 25°C.

CTexMOMETPMSI POCTOBOTO TeJia cJjenyomas: 3,48 Na,0/Al,03/3,07
Si0,/180 H»0. T'oMOT eHMB AL POCTOBOTO Teid IpOBOOAT opu
nepemMemueaHuy Ha 300 o6/mmH 25 MmHYT npu 25°C.

Sran 2): BBemeHMe B pPeaKUMOHHYID Cpely CTPYKTYPUPYKRIEITO

areHTa

B peaklMOHHYI cpelny BBoIAT 27,3 T 60%-HOoTOo pacTBopa TPOAC B
MeOH mnpu ckopocTu TIepeMemmuBanHusa 300 o06/MMH (MOJIBHOE OTHOIEHUEe
TPOAC/Al1,05=0,04) . Ilocae 5 MUHYT TOMOT eHM3alluU CKOPOCTE
rnepeMemmMBaHmusa CHyxanT no 50 o6/MmH.

Sran 3): ®aza co3peBaHUd

PeakKLUMOHHYID Ccpely IPOOOJIKalT IIepeMemMBaThk Ha 50 o006/MUH HOpU

25°C B TeueHMe 22 YacoB, IIOCJe UeTl0 HAUMHAKLT KPUCTAJIJIM3allMo.

Sran 4): Kpucraimmsaums

[lonmepXnBamT CKOPOCTH IepeMemyBaHMA 50 00/MMH M TeMIepaTypy
pyofamKmu peakTopa YCTaHaBJIMBALT Ha 80°C, UTOORL [IOBHICUTH
TeMIepaTypy PeakKLMOHHOM cpeXn mo 75°C 3a 80 mmHyT. Ilocje 72 yacoB

BHIOEPXVBAHUS opu 75°C PeaKLUMOHHYIO cpeny oxXJlaXIanT oyTeM

LUVPKYJIALUUA B pyodamke XOJIOOHOM BOIHL, UTOOH OCTaHOBUTH
KpUCTaJlJIn3aluo.
STan 5): OduabTpalusa/IpPOMEBKA

TBepnOele BelleCcTBa cofupawT Ha  dpuUTTe, 3aTeM  IIPOMEIBAIT
IepMy TUPOBaHHOM BOOOM OO HeMTpalbHOTO pH.

Sramn 6): Cymka/o0Xun

g OoIipeneJiIeHMA XapaKTepMCTUR IIpoadyKTa IIPpOBOIOAT CYIIKYy B

mrady npm 90°C B TeueHMe 8 UACOB, IIOTEePM IIPY OPOKAJIMBAHUK CYXOTO
IpOoOoyKTa COCTAaBJIART 22 BeC.5%.

OOXUT CyxXOoTOo IMOpOoIOyKTa, HeOOXOIOMMEN, UYTOOE OIHOBPEMEHHO
OCBOOOIUTE MMKPOIIOPH (BOHa) ¥ Me30IOPH, YyIallfad CTPYKTYPUPYIIUMA
aATeHT, OCYmMeCTBJIAKRT IpM CJelyileM Opodmile TeMmrepaTypr: 30 MMHYT

[IOBHIIEHME TeMmrepaTyps no 200°C, =Barem 1 UYac BHIOEPXMBAHUSA IIpU

200°C, 3zaTemM 3 uyaca IOBHIEeHMe TeMIepaTypu no 550°C mu, HakoHel,
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BHOepxuBanve 1,5 uvaca npum 550°C.
O0BeM MMKPOIIOP M BHEMHAA I[IOBEPXHOCTL, WM3MEPEHHEEe II0 MeTooy

t-plot w3 wusz0oTepMH ancopbummM aszoTa HOpu /7K 1ocie »perasaluuu B

BakyyMe mnpu 400°C B TeueHme 10 uUyacorB, COCTABJSAT COOTBETCTBEHHO
0,260 cM’/T m 90 M*/T. CpelHeUMCJIeHHHY OUaMeTp KpUCTaJJIMdeCKUX
2JIEMEHTOR pakeH 4,5 MKM.

Iajlee B TeKCTe MaccCa, BHpaxeHHas B 0e3BOOHOM DSKBUBAJIEHTE,
O3HauvaeT MaccCy IMNpPOoOyKTa 3a BHUETOM eT0 IIOTepb NpM NIPpOoKaJIMBaHUM.

ODpyMep 2: (CPpaBHUTEJILHBIA)

I'oTOBAT T'OMOTEHHYI CMeChb, cocTodamyin M3 1600 1 ©06e3BOOHOTO
SKBUBAJIEHTa KPUCTAJIJIOB LeoJuTa X CO CpeldHeUMCJIeHHHM IMaMeTpOoM,
paBHeM 1,0 w™MkM, 350 1 ©06e3BOIHOT'O BKBMBAaJIeHTa KaoJMHa, 130 T
KOJIJIOMOHOTO OKCHMIa KpPeMHMs, BHIIYCKAaeMOI'o B MOIpolaxy IIOIO TOPIOBHM
HamMeHoOBaHVeM Klebosol® 30 (comepxur 30 Bec.% Si0O, m 0,5% Nay0),
a TakXe KOJMUEeCTBO BOIH, I[I03BoJIAKIee BKCTPYIMPOBATL CMeCh.
[IoTepM HacCTH IIPU NPOKAJIMBAHUM Iepel BDKCTPY3MeM cocTabBiasaonT 44%.

POpPMUPYIOT SKCTPYyHATH IOMaMeTpoM 1,6 MM. OSKCTpyIaTH CymlaT B
TeueHMe HOUM B BeHTWIMpyeMoM mKkady mnpm 80°C. BaeM ux 0OXMUTaLT 2

yaca npu 550°C mnpm HOpomyBKe as30ToM, 3aTeM 2 uyaca nopu 550°C mopwm
IIPOOYBKE CyXMM O00e3yIJIEepPOXEeHHHM BO3IOYXOM, 3aTeM »Opod4dT, I[noJiydas
3epHa C SKBMBAJIEHTHHIM IOMaMeTpoM, paBHEM 0,4 MM.

Ha »TUx TpaHyJaxX OPOBOIOAT KaTMOHHHM oOMeH C  IIOMOMbBI
pacTBOpa xJopuma Oapug 0,5 M npm 95°C B 4 mara. Ha KaxgoM mare
OTHOLlIeHMe OOBeMa pacTBopa K MaccCe TBepOoIl'o MaTepuaja pabHO 20
MII/T, ¥ OOMEeH IMIPpOINOJIKalT KaxXIHM pa3 B TeueHMe 4 uYacoB. Mexnoy
KaxaeM OOMeHOM TBeplyl (¢asy HeCcKOJIBKO pasz I[IpOMBBAKT, YTOOH

M30aBUTHECA OT WM3OHTKA COJM. 3aTeM ee AKTHMBHMPDYRT IIpKM TeMIlepaType

250°C B TeueHMe 2 UYaACOB B I[IOTOKE asoTa.

Q

CremneHs oOMeHa Ha 0Oapu¥ cocTaBjadeT 97%, a HOOTepu IIpH
IpoKaJIMBaHUU (u3mepenuwle 1npu 900°C) cocraByuanT 5,4%. OO0BeM
MUKPOIIOP ¥ BHEWHAA I[IOBEPXHOCTL, WM3MEpPeHHHe I[I0 MeTonmy t-plot mo
n30TepMe ancopbumm az3oTa Opu 77K nocje merazaluuy B BakKyyMe IIpU
400°C B Teuenme 10 UacoB, COCTAaBJAIT COOTBeTCTBeHHO 0,226 cM’/T m

2
16,7 M°/1.

[TonuB  0OBEM  MaKpPOIOpP M  Mes30Ilop, V3MEepeHHE  PTYyTHOM
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moposmuMeTpueil, paeeH 0,32 cM’/T. OOBeMHas [NOJIA MaKpPONIOP B IIOJIHOM
o0beMe MaKpOoIlop M Mesonop pabHa 0,87.

BaTeM Ha 5STHUX amcopfeHTax [IPOBOOAT MCIHTaHMEe Ha IIPOCKOK
(bpoHTaNIBHasa XpoMaTorpagmuda), YTOOH OLUeHUT:L U¥X 500eKTMBHOCTL.
KommuecTBO anmcopbeHTa, MCIOJNb3YyeMOe B DTOM MCIBTaHUM, COCTAaBJIAET
okoJio 34 r.

[IOpAIOK OEeMCTBUM OJIA IIOJIYUEHMS KPUMBHEX IIPOCKOKa CJeIyomui:

- 3aroJiHeHMe KOJIOHKM CUTaMM U TIIOMelleHMe B MCIHTaTeJIbHHM
CTeHT.

- 3BamnoJiHeHMe  pPacTBROPUTEJIEM I[IPpM TeMIepaType  OoKpyXawimen
Cpensl.

- [IocTernneHHOE [IOBHIIEHYE TeMllepaTypPH oo TeMIlepaTypP.l
ancopbumMy B IIOTOKe pacTBopuUTesid (5 cM?®/MuH) .

- BremeHre  pacTBOPUTEJIL co ckopocTel 30 cM’/MMH IO
OOCTUXEeHUM TeMIlepaTyph amCcopOLun.

- BaMeHa pPacCTBOPUTEJL/CHpPLE, uyTOBOH ~ BBEeCTH CHpPBLE (30
cM®/MuH) .

— IlpomojrxkeHMe BBOLa CHpPbA B TeueHMe OOCTAaTOUHOT'O BpeMeHHU,
UTOOE OOCTUYUL TEPMOOMHAMMUECKOI'O paBHOBeCcHA (TO eCThb OO Tex IIop,
[IOKa KOHLUEeHTpalMa pacTBOPUTENIA B BHXOIAIEM IIOTOKe He CTaHeT
HYJIEBOM) .

- COOp M aHaJlM3 IIPOCKOUMBIIETO IIOTOKA.

B kauecTBe PpacTBOPUTEJIS MCIOJb3YeTCd IIapa-IM3TUIIOeH30JI.
CocTaB CHpPbLSA CJeIyIMUN :

- HapakcwujoJi: 45 Bec.S,

- MeTakcujoJi: 45 Bec.S,

- m300kTaH: 10 Bec.% (OH UCIOJNB3YETCHA B KaudecTBe MHIMKaTOpa
IJI OLIeHKM HeCEeJIeKTHMBHOI'O O0beMa UM He ydacTByeT B pa3lelJIeHuun) .

[lepBHI OIBT OPOBOIAT TIIPM TeMIepaType ancopbumm 175°C, a
BTOPOM MHpM TeMrneparype ancopbumu 160°C. [aBjeHMe IOCTATOYHO,
yTOOH CHPLEe OCTaBaJIOCh B XUAKOM das3e, a MMeHHO 1 Mlla.

CeJIEeKTUBHOCTEL 1o [apakCuiIony OTHOCUTEJIEHO MeTaKCUJIoJa
pPacCuMTEBaEeTCA M3 MaTepuaJlbHOT'O ©OajlaHca. PesyJibTaTH 10 [IPOCKOKY

IpUBOOATCA HMWXe B Tabiuie 1.
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TABJIMIA 1
CKOpOCTH B
CeJIeKTUMBHOCTEL | ADCOPOUMOHHASA HEPT PX
T (°C) 5 HeHaTpPyXeHHOM
PX/MX eMKOCTL (cM”/T) (cM)
COCTOAHUU
175 3,35 0,191 1,32 6,31
160 3,72 0,189 1,29 19,23

YCcJIOBHEHEe OOO3HAaAUEeHUS

- PAF = 1moTepmu IIpU IpOKaJMBaHUU

- T(°C) = TemmepaTypa amcopOLuUmn

— AncopOLUMOHHad  eMKOCThb BHpaXeHa B cm® apoMaTUUeCKUX
coenuHeHun Cg, amcop®OMPOBAHHEIX Ha TI'paMM ancopbeHTa

- CKOpOCTHL B HeHAT'PYXEHHOM COCTOAHMM = IIOBEPXHOCTHAa4d

CKOPOCTEL (pacxon/ceueHre KOJIOHHH)

- HEPT = »KBMBaJIeHTHad BHCOTAa TEOPEeTUUECKUX Tapellok (B CM)
- PX = napaxkcwuioj; MX = MeTaKCUIIOJ
V3MepAanT Takxe MeXaHUUeCKYI I[IPOUHOCTE 1o MeTomy,

[IpenCcTaBJIEHHOMY B OIMCaHMM u300peTeHMsa. JlaBJieHMe, HeOOXOIVMMOE,
yTOoOH noJgyumTh 0, 5% MeJdkoM odpakumyu, paBHO 2,2 Mla.

ODpuMep 2': (CpaBHUTEJILHBI)

B »TOM OpuMepe IIOJyYalT WM MCHHTHBaT aICOpOeHT COIJIaCHO
YPOBHI TexHMKM (FR2789914). IlpuMmep 2 wu3 »HOKyMeHTa FR2789914
BOCIIPOMU3BOIAT C MIEHTHUUHOCTBI, MCIOJbE3YySA KPUCTAJJIE IIPOMBIIJIEHHOTO

neoyguTa NaX (HOpOLHOK Iion TOPTI'OBEIM HaVMeHOBaHMEeEM G5, aTOMHEIE

oTHomeHuda Si/Al = 1,25 m Na/Al = 1, cpelHeUMCJIEHHHI IuaMeTp 2,1
MKM ) Y KOJJIOMOHBIM OKCUI KpPeMHUI, MWMeomuica B Opodaxe oI
TOPTOBEIM HauMMeHoOBaHMeM Klebosol® 30 (panee BHIIYCKAJICA  IIOT

Ha3BaHMeM Cecasol® 30).

Ancop®eHT, IOJIYUeHHHM B COOTBETCTBUM C IIPMMEPOM 2 IOKYMeHTa
FR2789914, wumeeT cCTeneH:r oOMeHa Ha Oapum 97,4% u ©DOoTepu IIpH
npokaJuBaHuM  (M3MepeHHble npu 900°C) 5,2%. 00beM MUKPOIOP "
BHEIMHIOK TIOBEPXHOCTH M3MEPSAKRT M3 M30TEPMHE ancopbumm az3oTa npm /7K
IocJyie meTrasalMM B BakyyMe 1Impu 400°C B Teuenme 10 uyacoB. OO0beM
MUKPOIIOP, WM3MEepPeHHEM o MeTony IyOuHMHa-PanoymkeBMda, U O0O0BLEM
I0p, W3MepeHHHM 10 MeTony t-plot, ooMHakoBEH M paBHE 0,248 CNf/P,

BHEMHSAS IIOBEPXHOCTL, M3MepeHHas 1o MeTomy t-plot, paBHa 2 M/ T.
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[MogHEM 00BEM MaKpOIOp ¥  Me30Iop, W3MEPEHHEM  PTYTHOM
noposuMeTpuet, paseH 0,304 cM’/1. OBbeMHas HOJA MaKpOIIOp B IIOJIHOM
o0BeMe MaKpOoIlop M Meszonop paBHa 0,94.

BaTeM Ha 5STHUX aIOcopfeHTax [IPOBOOAT MCIHTaHMEe Ha IIPOCKOK
(bpoHTaNIEHaAd xpoMaTorpadud), UYTOOH OLUeHUTH UX OOeKTUBHOCTL.
KommuecTBO anmcopbeHTa, MCIOJNb3YyeMOe B DTOM MCIBTaHUM, COCTAaBJIAET
okoJIO 35 71T. JVCcHOHTaHMe MOPOBOOMJIOCH TIIPUM eOMHCTBEHHOM TeMIepaType
agcopdbuum 175°C.

CocrTas CHIPEA U nopoluenypa [IOJIYUYEHU S KPUBHX IIPOCKOKA
MIOEHTUUHE ONMCAaHHEM B IIpuMepe 2. CeJIeKTMBHOCTE II0 [IapaKCUJIOJNy
OTHOCUTEJIEHO MeTaKCHuIoJa pPacCuUmMTHBaETCHA ns MaTepMraJIbHOTO

BajlaHca. Pe3yJbTaTH 10 NPOCKOKY MNPMBEIEHH HMXe B Tabjauie 2.

TABJIMLIA 2
CKOpPOCTEL B
CeJIeKTUBHOCTD AncopBunoHHAad HEPT PX
T (°C) 5 HeHATPYXEeHHOM
PX/MX eMKOCTE (cM>/T) (cM)
COCTOAHUU
175 3,60 0,205 1,3 38,1
YCJIOBHEIE OOO3HAUYEHUI
- T(°C) = TemmnepaTypa amcopbuuM
- AmcopOUuMOHHasd  eMKOCTb BEIpaXeHa B oM’ apoMaTUUeCKUX
coemmHeHuM Cg, ancopOMPOBAHHEIX Ha I'paMM ancopBeHTa
- CKOpOCTbL B HeHaIl'PyXeHHOM COCTOAHMM = IIOBEPXHOCTHasd
CKOPOCTL (pacxon/ceueHre KOJIOHHH)
- HEPT = »kBMBaJIEHTHafd BHCOTAa TeOpPeTUUEeCKUX TapeJilok (B CM)
- PX = napaxkcwuioji; MX = MeTaKCUJIIOJ
OpuMep 2": (CpaBHUTEJILHEI)

B »sToM nOpumMmepe DOJYyYamRT WM MCIBETHBAKLT aIOcopBeHT COIJIacHO
YPOBHI TexXHMKM. TOUHO BOCIPOMBBOOAT CPaABHUTEJILHBEM IpuMep 3 U3
OOKYMEHTA FR2903978, CpaBHMBAaeMHM c YPOBHEM TeXHUKH,
nperncTaBJieHHEM FR2789914, VCIIOJNbL3Y A KPUCTAJJIEL  [IPOMBIJIEHHOTO
eosmuTa NaX, Yy KOTOpOTO aTOMHOe oTHomeHue Si/Al paBHo 1,25,
aToMHOe oTHomeHMe Na/Al paBHO 1, U USMEPEHHHM CpelHeUMCJIEHHEI
oaMeTp KPpUCTaJIJIOB paBeH 2,1 MKM, ¥ KOJJIOMOHHEM OKCHI KpeMHUS,
MMEMUYICA B OpoHaXe II0I TOPTOBHM HauMeHoBaHueM Klebosol® 30

(paHee BHIIYCKAaJICA II0I Ha3BaHueM Cecasol® 30).
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[IOJIyUeHHB TaKyM CHIOCOBOM ancop®eHT ¥MMeeT CTeleHb ofOMeHa C

GapueM 95% u moTepu IpM IPOKaIMBaHMKM (M3MepeHHBEe npu 900°C) 6,0%.

O0BeM MMRKPOIIOP n BHEIIHIOIO IIOBEPXHOCTB MsMep AT ns M30TEPMEL

amcopdbuum asora nopu 77K nocje pmerasauuy B BakyyMe 1npu 400°C B
TeueHre 10 uyacoB. O00BeM MMKPOIIOP, MBMEPeHHHEM 0 MeTonmy OyOuHMHAa-
PamymkeBuya, U oO0BLeM IIOpP, HM3MEepeHHHV IO MeTony t-plot, oIOVMHaAaKOBH
u paBHE 0,252 CM?/P, BHEIHASA [MOBEPXHOCTL, WM3MepeHHad 10 MeTonmy t-—
plot, paBHa 3 M?°/T.

[IoJHE oBBeM MaKpoIlop U Me30Iop, V3MEepPEeHHH  PTYTHOM
noposuMeTpuer, paBen 0,280 cM’/T. OBBeMHas HOJIA MaKpOIIop B IIOJIHOM
oBbBeMe MaKpOoIlop M Me3omop pabkBHa 0, 93.

3aTeM Ha 5BTHUX alcopbeHTax TIIPOBONAT MCIHETaHME Ha IIPOCKOK
(ppoHTaNIbLHasa xXpoMaTorpaduda), UYTOOH OIEeHUTh UX 3Q0PeKTUBHOCTE.
KomnuecTBo ancopbeHTa, MCIOJb3YEMOE B 3TOM MWCHHTAaHMM, COCTAaBJIAET
okoJio 35 1.

CocTasn CHIPB A u npouenypa [OJIy4YeHU A KPUBBIX MIPOCKOKa
MIOEHTUYHHE ONMCaHHEM B IIpMMepe 2. JVICOHTaHMe [OIPOBOOMJIOCE IIPU
eIMHCTBEHHOM TeMIepaType amcopbumm 175°C.

CeJIeKTUBHOCTB 1o napakCcuiiosy OTHOCUTEJIBLHO MeTaKCujoja
pacCuuTHBaeTCd M3 MaTepMaJlbHOT'O OajiaHca. Pe3yJIbTaTH I10 IIPOCKOKY

NPUBOOATCS HWXe B Tabiuue 3.

TABJIMIIA 3
CKOpPOCTL B
CeJIEKTUBHOCTD AncopburoHHAad HEPT PX
T (°C) 5 HeHaTpyXeHHOM
PX/MX eMKOCTE (cM™/T) (cM)
COCTOSHUU
175 3,41 0,199 1,3 17,6

YCJIOBHEHEe OOO3HAUEeHUS

- T(°C) = TemmepaTypa amcopOLuM

- AncopOumoHHAa4d EMKOCTb BHpAaXeHa B oM® apoMaTrUudeCKUX
coenuHeHun Cg, ancopOMPOBAHHEIX Ha I'paMM ancopOeHTa

- CKopocCThb B HEeHAT'PYXEHHOM COCTOAHMM = IIOBEPXHOCTHAaA
CKOPOCTEL (pacxon/ceueHre KOJIOHHH)

- HEPT = »KBMBaJIEHTHad BHCOTAa TEOPEeTUUECKUX Tapellok (B CM)

- PX = napakcuioj; MX = MeTaKCUJIOJ

MBMepHIOT Takrxe MeXaHMUYeCKYI I[IPOUYHOCTB I10 MeTOonmy,
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IpenCcTaBJIEHHOMY B OIMCaHMM M300peTeHMsa. JlaBJieHMe, HeOoOXOIVMMOE,
yTOoOH noJgyumuTh 0, 5% MeJdkoM OpakumMyu, paBHO 2,6 Mla.

ODpuMep 3: (coryiacHO MB0O6peTeHM0)

OemcTBysa TakK Xe, KaK B IIpuMepe 2, TOTOBAT OINHOPOIHYK CMeCh,
cocrosamyn u3 1600 © 0e3BOOHOTO 2KBMEBAJIEHTa KPUCTAJIJIOB LeoJuTa X,
CUHTE3MPOBAHHOTO COIJIACHO MeToOukKe B npuMmepe 1, 350 © ©e3BOIHOTO
SKBUBAJIEHTA KaoJIMHa, 130 T KOJIJIOMIOHOT O oKCHUIa KpeMHU S,
VMeKnmeTrocsa B OpoJaxe IIOO TOPIOBEM HauMMeHOBaHMeM Klebosol® 30
(comepxuT 30 Bec.% Si0, m 0,5% Nay0), a Takxe BOIOH B KOJUUECTBE,
[IO3BOJIAKIIEM SKCTPYIUPOBATL CMechb. IloTepM MacTH IpM OIpoKaJMBaHUU
nepell DKCTPY3MeM cocTaBJsaonT 44%.

dopMUPYIRT BKCTPYIOAaTH OMaMeTpOM 1,6 MM. 3KCTpyldaTH CylaT B
TeueHMe HOUM B BeHTMJIMpyeMoM mkady npu 80°C. 3BareM MX OOXMTALT 2

yaca npmu 550°C mnpm HOpomyBKe as30ToM, 3aTeM 2 uyaca nopu 550°C mopwm
IPOOYyBKe CYXMM OO0e3yIJIEPOXEeHHEM BO3OyXOM, 3aTeM IOpoOAT, IIojiydas
3epHa C SKBMBAJIEHTHEIM IMaMeTpoM, paBHEM 0,4 MM.

ObMeH C OapueM IIpPOBOOAT B pabouMx YCJOBMAX, UWISHTUUHEM
YCJIOBMAM B IIpMMepe 2, 3a MUCKIIUYEeHMEM KOHLeHTpaluum pacTsBopa BaCl,,
koTopad paBHa 0,7 M, [nocje UYero cCJjenyeT IIPOMBBKa, 3aTeM Cyllka
npu 80°C B TeueHMe 2 UYaACOB M, HakoHell, akTuBauuga npu 250°C B
TeueHMe 2 YacoB B IIOTOKe aszoTa.

CTeleHb oBMeHa Ha Bapul  paBHa 97%, a IoTepm  IIpu
npokaJuBaHuM (M3MepeHHble npu 900°C) paBHH 5,5%. 00BeM MHUKPOIIOP U
BHEMHAA IIOBEPXHOCTL, WM3MEepPeHHHEe [0 MeTony t-plot u3 M30TepME
agcopdbuuM asoTa opu 77K mnocje »merasaumy B BakyyMe mpu 400°C B
TeueHMrMe 10 YacoB, COCTaBJAT cooTBeTCcTBeHHO 0,192 e/ m 70
M7/ T

MosgHEM 0O0BEM MaKpOoOIop ¥  Me30lIop, V3MEepeHHH  PTYTHOM
noposuMeTpuelr, parBen 0,33 oM’/ T Oossa ofbeMa MaKpOoIIop B IIOJIHOM
oBBeMe MaKpOoOIlop M Me3olop parHa 0,6.

BaTeM Ha 5THUX ancopbeHTax [IPOBOOAT MCIHTaHME Ha IIPOCKOK
(bpoHTaNIbHasas XxXpoMaTorpadmusa), YTOOH OLUeHUT:L KX 5SO0QeKTUBHOCTE.
KommuecTBO ancopBeHTa, MCIOJNb3yeMOe B DTOM MCIETaHUM, COCTaBJISAET
okoJio 34 1.

HOpF{I[OK HeﬁCTBMﬁI, a TakKxe CcocTaB CEPBEA TakKMe Xe, Kar B
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IprMepe 2. CeJIeKTMBHOCTB IIO IIapakKCMIIOJIy OTHOCHMTEJIEHO MeTaKCHIIOJIa

pPacCcunMTEHBaeTCAd M3 MaTepMaJIbHOTO OajlaHca. PesyJbTaTeH I[I0 IPOCKOKY

OpUBOOATCA HWXe B Tabiule 4.

TABJIMLIA 4
CKOpOCTEL B
CeJIeKTUBHOCTE AncopBLUMOHHAa A HEPT PX
T (°C) HeHaTpyXeHHOM
PX/MX eMKOCTL (cM>/T) (cmMm)
COCTOSHUU
175 2,66 0,180 1,32 2,64
160 2,78 0,179 1,29 3,35
YCJIOBHEIE OOO3HAUEHUI
- T(°C) = TemmepaTypa amcopOLuUM
- AncopbuUMOHHAS eMKOCTb BHpaXeHa B CM°  apoMaTHdeCKMUx
coenmHeHur Cg, ancoOpOMPOBAHHEIX Ha I'paMM ancopbeHTa
- CKOpPOCTL B HeHaTPYyXeHHOM COCTOSHMM = TIOBEPXHOCTHAaH
CKOPOCTL (pacxon/ceueHMre KOJIOHHH)
- HEPT = »KBMBaJIEeHTHad BHCOTAa TEOPETUUECKUX Tapellok (B CM)
- PX = napakcwuioj; MX = MeTaKCUJIOJI
VzmMepsoT TaKxe MeXaHUUECKY IIPOYHOCTE 1o MeTOmLY,

IpencTaBJIeHHOMY B OIMCaHuM u3o0peTeHUsa. [HaBJeHMe, HeoOxoIuMMmoe,
yTOoOH noJayumTk 0, 5% MeJdkoM o¢pakumyu, paBHO 2,1 Mla.

[Io cpaBHeHMI C pe3yJbTaTaMM, IIOJIyYeHHBEMM C aICopOeHTOM IIO
IprMepam 2, 2" u 2", oTMeuaeTCsd 3aMeTHOe yIIyudleHue
MaccollepeHoca, IIpuUUueM SKBMBAJIEHTHAS BHICOTA TeOpPeTUUEeCKHUX TapeJloK

CylleCTBEeHHO CHIMXEHa.
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$OPMYJIA N3BOEPE TEHNA

1. LeOJUTHBEM ancop®eHT, coOepXamrl I[IO MeHbBIIeM Mepe OIMH
HeoauT FAU U comepxamui Oapui M/MUIM KaJaui, OTJIMYAKIUICIS TeM, UYTO
BHEMHAA I[NOBEPXHOCTH YKa3aHHOTO IeOJIMTHOTO alcopbeHTa, WM3MepeHHasd
no amcopbumm aszsoTa, Oojbme 20 Mz/P, OpennouyTuTesbHO OoJkme 40
M?/T, GoJilee MNOPeNNoOUTUTEesNLHO cocTaeisger ot 40 M°/r mo 200 M°/T,
foJiee MNpedlnouTHUTeJIbHO oT 60 M2/ T no 200 M?/P, BKJIOUAd T'PaHMULH.

2. HeosuTHHM ajcopbeHT 110 oO. 1, Y KOTOPOTO coIepxaHue
okcuza ©Oapmusa (BaO) Beme 10%, HOpedlouyTUTeJIbHO Bhime 15%, oueHb
IpennouTUTeJIbHO Bhme 20%, eme 06o0Jiee NPEenOIoOUTUTEJILHO BHIe 23%, U
maxe BHIIIE 33% I10 Becy oT IIOJIHOT'O Beca ancopbeHTa, "
BJIaToONpMATHO, cCcoIepXaHue Oapud cCcocTaBJageT OT 23% nmo 42%, OOBYHO
or 30% mo 40%, BKRJIOUAS TPaHULH, 10 Becy OT IIOJIHOT'O Beca
ancopbOeHTa.

3. UeonUTHEM amcop®eHT o O. 1 MM 2, y KOTOPOTO coIepXaHUe
okcuna kamsa K;0O, BHpaXeHHOe B BeCe OT IIOJIHOT'O Beca alncopbeHTa,
MeHblle 25%, NOpPennouTmUMTeJIbHO cocTarjdeT oT 0 mo 20%, eme ©OoJee
OpenruouTuTesibHO oT 0% mo 15% M OdueHb IOpellouTuTelJibHO oT 03 1mo
10%, BrJmouad I'PaHMLEL.

4., ApcopbeHT 0o JwoOOMYy M3 IOYHKTOBRB 1-3, [OpMueM YyKa3aHHBEU
neosimr FAU wmMeeT aToMHoe OTHomeHme Si/Al or 1,00 mo 1,50,
BKJIlOUA A TPaHULEL, IpenllouTUTEeJIbEHO oT 1,05 oo 1,50,
npenmnourmuresbHo oT 1,05 mo 1,40, BrJIoUas TpaHULE, M eme 0oJiee
npenmnourmresbHo oT 1,10 mo 1,40, BKJIOUaS T'PAHUIIH.

5. ApmcopBeHT 1o JmboMy M3 IIPEOHOyNMUX IIYHKTOB, Y KOTOPOTO
PEHTTEeHOCTPYKTYPHEY aHalM3 He OoO0HapyXMBaeT HUKAKOM I1LeOJIMTHOM
CTPYKTYPH, KpOMe CTPYKTYPH (oXa3uTa, IIPeONOUTUTEeILHO HMKaKOM
LEeOJIUTHOM CTPYKTYPH, KpOMe CTPYKTYPH doxasura X.

6. ApncopbeHT o JgodboMy M3 OpelbOymUx I[IYHKTOB, Y KOTOPOTO
BecoBadg poJya LeosmTa FAU, nOpuueM LeoquT FAU OpelllOoUTUTEJIBHO
aBJdeTcd uLeoJuToM X, ©OoJblme WM paBHa 80% OT TIIOJHOTO Beca
ancopbOeHTa.

7. ApcopbeHT 1o JwboMy M3 IIPEeOHOymMUX IIYHKTOB, Y KOTOPOTO
IOTepM IIPM OPpOoKaJMBAaHMUM, U3MepeHHHe Opu 900°C corJjlacHO CTaHIapTy

NF EN 196-2, MeHblle WJIM PaBHE 7, 7%, T[IPedlIOUTUTEJIBHO COCTAaBJIAIT
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oT 0 oo 7,7%, NIPennouTUTEJIBEHO oT 3,0 oo 7,7%, BoJiee
npenrnouTmresibHO oT 3,5% mo 6,5% um OJjgaromnpmusarHo oT 4,5% mo 6%,
BKJIOUASAd TI'PaHMULE.

8. AncopbeHT 1o JoboMy M3 IIPelbOyllMX IIYHKTOB, Y KOTOPOI'O
IIOJIHEM OOBeM MaKpOIIoOp M Me30IIop, W3MEePEeHHHM 10 BIaBJIMBAHUI
pTyTH, cocTaBjgsgeT oT 0,15 cM’/T mo 0,5 CM3/P, IPenrIouTUTEeJIbHO OT
0,20 cM’/1T mo 0,40 cM’/T M oOueHb npennourureybHo oT 0,20 cm®/T ;o
0,35 cM’/T.

9. AgpncopbeHT o JgoboMy M3 IOPpedHOylrMx IIYHKTOB, Y KOTOPOTO
oBBeMHasa IOJIS MaKpolop cocrapJjfgeT oT 0,2 mo 1 oT noJjiHoOTOo oOBeMa
MaKpOIIOp MM Me30IIop, OuUeHb npenmnouytuTesbHo oT 0,4 nmo 0,8 um eme
BoJjiee mpennouruTesabHO oT 0,45 mo 0,65, BKIKUYad I'PaHUIEH.

10. ApmcopbeHT o JoboOMy M3 OIPeIHOylMX IIYHKTOB, Y KOTOPOTO
CpeInHeuMcJIeHHEN orMaMeTp KpUCTaJIJINUe CKUX BJIEMEHTOB (nnm
"kpucTasuio") cocrapjgeT oT 0,1 MKM pgo 20 MKM, OPeOIodTUTEJIbBHO
or 0,5 MkmMm mo 20 MkM, ©OoJiee npennoururesbHO OoT 0,5 MrM o 10 MKM
u eme 0OoJiee mnpenmnoururespHo oT 0,5 MKM mo 5 MKM, BKJIKOUAad
TPaHUIIE .

11. Cnoco6 nojgyudyeHusa ancopbeHTa o JmobomMy U3 OyHkTOoB 1-10,
BKJIOUAKIMM TIO0 MeHbIeM Mepe CJelyllye BTarllbl:

a) arnjJoMepalMrs KPUCTAJJIMUECKMX BJIEMEeHTOB II0 MeHbIlel Mepe
OOHOTO ULeoJuTa Tuna FAU, KMMeKRmeI'o BHENHK [NOBEPXHOCTHL OoJbme 40
M?/T, MOpPeXloYTUTeSbHO B MHTepBasie oT 40 M?/r mo 400 M?/T, OGojee
opennouTmuTesJbHO oT 60 M>/T7  mo 200 NF/P, BKJIOUAd  T'PaHULH,
cCpemHeuucJIeHHEV IuaMeTp oT 0,1 MM mo 20 MKM, OPeONOUTUTEJIBHO OT
0,5 Mkm mgo 20 mMmrM, OoJjiee npepnouTmuTeJibHO oT 0,5 MM o 10 MKM U
eme OoJlee mnpeldnouyTuTeslbHO oT 0,5 MKM o 5 MKM, BKJIOUYad TPaHUIH,
CO CBABYIIMM, COIepXamlMuM 10 MeHblel Mepe 80% TITUIMHH WMJIM CMeCHu
TJIMH, BO3MOXHO ILIEOJIUTU3YKIMXCSa, W »JofaBkaMM B KOJMUeCTBe 10 5%,
a Takxe BOIOM B KOJUUECTBE, KOTOpOoe TII03BoOJIAeT (QOpMOBaHME
aTnJIOMEPMPOBAHHOTO MaTepualla; Cylika alJIOMEPATOB IIPU TeMIlepaType
oT 50°C mo 150°C; OOXUT CYXUX arnJioMepaToB opu  I[IpOOyBKe
OKUCJIUTEJILHEM U/MJIM MHEePTHHEM I'a3OM, B UYaCTHOCTM, TaKMMM Tas3aMu,
KaK KMUCJIOPOH, a30T, BO3OYX, CYXOM U/UiIu o00e3yIJIepOXeHHHM BO3OYX,

BOBIYX, obenHeHHB KMCJIOPOOOM, BO3MOXHO CYyXOM "/
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00e3yTJIEPOXEHHHM, IIpM TeMlepaType Bome 150°C, o0OBUHO B MHTepBale

or 180°C mo 800°C, mpemmouTuTesbHO oT 200°C mo 650°C, B TeueHHUe
HEeCKOJIbKMX YacOB, HaIpuMep, OT 2 IO 6 YacoB;

b) baxyJIbTaTHMBHO, LEOJIUTH3ALMA BCeI'O WM UYacTU CBA3YRIETO
IyTeM KOHTaKTa alJlIOMepaToB, IOJIYUeHHHX Ha 5STale a), C OCHOBHHM
IeJIOUHEIM PacTBOPOM;

C) OIVMH WMJIM HEeCKOJIbKO KAaTMOHHHX OOMEHOB arJiOMepaTOoB C sTala
a) u/mam c sTana b) IOyTeM KOHTaKTa C PacTBOPOM MOHOB Oapusa u/UiIn
MOHOB KaJud;

d) bakyJibTaTUBHEIM IOTIOJIHVIT €JIb HEI KaTVOHHBIN oBMeH
arJIoMepaToB C DTana Cc) IIyTeM KOHTaKTa C PacTBOPOM MOHOB KaJivd;

e) TIPOMHIBKA M CyIKa aTlJIoOMepaTOoB, I[IOJIYUEeHHBX Ha STarnax c)
wimm d), mpu TeMmnepatType oT 50°C mo 150°C, u

f) TmnoayuyeHMe I1IEOJMTHOTO ancopBeHTa COTJIACHO U300peTeHMo
nyTeM aKTHUBaLWM  arJIoOMepaToB, IIOJIYUEeHHHX Ha S2Tale e), IIpu
NPOOYyBKE OKMUCIUTEJbHBEIMM W/WMJIM MWHEPTHBEIMM T'azaMM, B UYacCTHOCTH,
TAaKUMMM KakK KUCJIOPOI, as30T, BOB3AOYX, CYXOoW WU/Min 00e3yTJIepOXeHHBN

BO3IOYX, BO3OyX, OOeIHEHHHM XKMUCJOPOIOM, BO3MOXHO CYXOM U/UJNU
00eByTJIEPOXEHHEM, npu TeMIIepaType oT 100°C o 400°C,

NpenrIouTUTEeJIbHO oT 200°C oo 300°cC, B TeueHue rnepuona,
OIpenesigseMoT0 B 3aBUCHUMOCTM OT COOEepXaHMA BOIOEL U XeJlaTeJIbHEX
[IOTeph IIPpM OpoKaJMBaHMM, OOHUHO OT 1 yaca OO 6 YacCOB.

12. Cnoco6 mno m. 11, B KOTOPOM YKal3aHHHM, II0 MeHbIIeM Mepe
OIMH, ULeoJMT Tula FAU muMeeT aToMHOe OTHomeHMe Si/Al B uHTepBalje
or 1,00 mo 1,50, mnpemnoururensHo oT 1,05 mo 1,40 m eme OoJee
npenmnourmresbHo oT 1,10 mo 1,40, BKRJOUasS T'PaHMUIIH.

13. Amcop®eHT, KOTOPHM MOXeT OHTL [HOJIyueH crocodbom o m. 11
mwim 12.

14. IlpumeHeHuMe apmcopbeHTa o JwbomMy M3 nyHkToB 1-10, miam 12
i 13, B Ipolleccax:

- pasmejyleHMs QpaklMi apoMaTHUYeCKUMX Mu3oMepoB Cg, B YaCTHOCTH,
KCUJIOJIORB,

- pasleljieHMd M3OMEPOB 3aMelleHHOT'O TOoJIyoJa, TaKMXx, Kak
HUTPOTOJIYOJI, IOMUBTUIITOJIYOJI, TOJYOJIOMaM/H M IOPpYIUX,

- pasneJieHMrMAd Kpes3oJioB,
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- pa3nejyieHusa MHOTOATOMHHEX CIVPTOB.

15. IlpuMeHeHMe 10 II. 14 1ja BHOEJIeHMA lapakCcuiojla U3
dpaklUuM apoMaTHUYeCKMX M30MEPOB C 8 aToMaMmu yIJlepozna.

16. Cnoco® BHOeJIEHMA IapakKCcujoja M3 M3O0MEepPHHX ObpakLuMn
apoMaTHMUEeCKMX COeIMHeHuM C 8 aToMaMM YIJlepola, MWCIOJbL3YIUi B
KaueCcTBe CpelcTBa aIncopbuumu IapakKCcuiioja LeOJIMTHHM angcopbeHT,
comepxamui Bapum n/nnm KaJmi, VIMEIOMMM BOJIBIIYIO BHEIHIOn
IOBEPXHOCTL, OINpenejydgeMyl II0 ajcopdbuuu aszoTa, o0ObuHO OoJbme 20
M?/T, HOPemmouTUTesbHO O6oJyble 40 M?°/T u 6ojee NPeNNOUYTUTESILHO B
MHTepBaje oT 40 M?/T mo 200 M°/r, OGoJsee OpenrnouTmuTesJIbHO oT 60
M?/T mo 200 M?/T, BKJIOUAS TPAHMIE, OCYIECTBIAEMHM B XUIKObASHHX,
a Takxe B Ta300ba3HHBX Mpolleccax.

17. Cmoco6 mo n. 16, MUCHOJB3YOIMM B KauecTBe CpPeIOcTBa
amcopbuuM mnapakKcuiiojla LeOJMTHHM amcopfeHT o JOOMy U3 IIYyHKTOB
1-10, 12 wmum 13.

18. Cnioco®6 mo mn. 16 wmiam 17 BHOeJEeHMS HapakCcuioja U3 opakumun
M30MEPHEIX  apoMaTUUeCcKHMX YIJIEBOIOPOIOEB, comepXamMx 8  aTOMOB
yIJepona, B XuIOKOoM  dase oyTeM azjcopbuumM HOapakcuioja  Ha
ancopbeHTe 1o JgoboMy M3 OyHKTOB 1-10, 12 wmium 13, B OPUCYTCTBUU
necopbeHTa, OPellouTUTeJIEHO  BHEHOpPaHHOTO M3  TOJyoJla M Iapa-
OV TUIIOEH30Ja.

19. Cmnoco® mno Jgobomy M3 IOYVHKTOB 16-18, TuHma crnocoba cC
[ICeBOOOBIMXYIMMMC I cjoeM, IpenrnouTUTeJIbHO C IPOTUBOTOUHBEIM
I[ICEeBOOOBMXYMMMCS CJIOEM.

20. Crnocob® pa3pmejieHMSI MHOT'OATOMHBX CIMPTOB, B KOTOPOM
IprMeHsaeTCcsa ancopbeHT o JmwbomMy M3 OyHKTOB 1-10, 12 mam 13.

21. Cnoco® pasIelleHMA M3O0MEPOB 3aMeleHHOTO ToJyoJla, B
KOTOPOM IIPpMMeHSeTcsa ancopbeHT ro JwowbomMy M3 OyHKTOoB 1-10, 12 wmim
13.

22. Crnoco® pa3OejleHUS KpPe30JIOBE, B KOTOPOM IIPUMMEHAEeTCH
ancopbeHT 1o JgoboMy M3 nyHkToB 1-10, 12 wmmm 13.

I[Io DOBepeHHOCTH
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