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(57) Hacrosimiee n306peTeHnEe OTHOCHTCS K IIEOTUTAM
€ 3aJJaHHOW IIOPHCTOCTHIO0, UMEIOLIMM MOJIIPHOE COOT-
nomenwne Si/Al B uaTepBane ot 1 mo 1,4, Bkirtodas rpa-
HUYHBIC 3HAYECHHUS, TIPU 3TOM UX CPEAHEUHCIIOBOH JTHa-
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JMYHOCTBIO M TAaKOH ME30IIOPHCTOCTBIO, YTO BHEMI-
HISL TOBEPXHOCTH ME30II0p HAXOAUTCS B MHTEPBAJIE OT
40 10 400 m*r"'. HacTosmee m306peTeHne OTHOCHTCS
TaKoKe K CIoco0y MOTYyYeHUs YKa3aHHBIX LICOJIUTOB C
3aJ1aHHOM MMOPUCTOCTHIO.
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2420-529552EA/019
LEOJIUTE C 3AIJAHHOM ITOPUCTOCTHIO

[0001] Hacrosmee m300peTeHMEe OTHOCUTCHA K 0OOJaCcTU LEeOJIMTOB,
BoJjiee IMpPenlIouTUTEJIbHO K LeoJiMTaM C  3aJaHHOM IIOPUCTOCTRIO,
IpeyMymeCTBEeHHO K LeOoJIMTaM C 3aldaHHOM IIOPUCTOCTBI0 M C HUIKUM
MOJISPHEIM  COOTHOmeHreM Si/Al w® Haubojiee MNPEONOUTUTEJILHO K
LHeoJIMTaM C  3alaHHOM IIOPUCTOCTLIO, VMeKIMM HM3KOoe  MOJIAPHOE
cooTHomeHMue Si/Al u cTpykTypy FAU m LTA.

[0002] CUHTeTHUUeCKMe  1LIeOJIMTH (TO ecTb He ABJIAIINEC S
IIPUPOIHEIMI) NIpenCcTaBJIgAT cobomn OBBEeKT BecrnpeCcTaHHO
[IOBHIMIAKIMETOCS MHTepeca B IIPOMBIIJIIEHHOCTHM, O YeM CBUIETeJIbBCTBYKT,
B UYaCTHOCTM, HeIOaBHME MHOTOUMCIIEHHEE MCCIeloBaTelJIbCkUe paboTH,
OTHOCHIMMECHS K IIOJIYUEeHMK BCe 0OoJjiee »OPeKTUBHEHX LEOJIMTOB BCe
foJjiee MNPOCTHMM, DSKOHOMUUYUHEIMM WM JIETKO OCYNECTBUMMEMKM CIoCcOoBaMM
CUHTES3BA.

[0003] HeckoJibko JIeT TOMY Haszsall LeoJIMTHL C 3alaHHOM’
IOpPUCTOCTBI0 (ZPH) OBJIM OOBLEKTOM OUeHb MHOTMX HayYUHHEX TyOJIMKallnM
M 3agBOK Ha InaTeHTH. Tak, B 2005 romy crnoco® CHMHTe3a LeoJIMTOB C
3adaHHOM IIOPUCTOCTBIO M C XOpolleM KPUCTAaJIMUHOCTBI (umcrasd dasza,
npoaHaMsMpoBaHHaa  crnocodbom  DRX (PCA)) Ov1  ommMcaH B WO
2007/043731 C YKazaHMeM Ha MCIOJb30BaHMEe CTPYKTYPUPYRIEIO
areHTa TuUIla opTaHOCWUJIaHa.

[0004] [IponykT, IIOJIYUEHHEM TIIocJie  IIpOoKaJIMBaHUMg, uMeeT
LIEeOJIMTHYID CeTKY, CBAB3AHHYKD C CeThl Me30I0op IMaMeTpoM B
HEeCKOJIbKO HaHOMETPOB. I'MAOpOTepMMUecKas CTOMKOCTL 2TOTO0 MIPpOoOyKTa
3HAUMUTEJILHO JIydlle, UYeM Y MEe30OIOPUCTHX TBEePOEX MIPOOYKTOB TUIla
MCM-41, 4YTO TMO3BOJAET IpeldyCMaTpMBaTh BapMaHTH I[IPVMMEeHeHMHd, B
KOTOPHX MMeeT MeCTO TepMHUUecKad pereHepalud.

[0005] Brumir pazpaboTaHbel OpYyIMe CIOCOOH IIOJIyUeHMA LEeOJIMTOB
C 3alaHHOM TIIOPUCTOCTBLI, TO eCTb TBepIHX BelecTB, oOJaJalommx
MUKPOIIOPUCTOM CeThl LEeOJIMTHOTO THIIa, CBA3aHHOM C CeThi Me30Iop,
IIpM BTOM CIOCOOH MOTYT OBTH KJIACCUQUIUPOBAHE CJelylluM o0pas30oM
(o6z0p "D.P. Serrano, Chem. Soc. Rev., (2013), 42, 4004-4035"):

* IONOJIHMTeJIbHasa ofpaboTka LeOoJMTOBOM CTPYKTYPH, KoTopasd
COCTOMT B OTHEIJIEHUM aTOMOB ILI€OJIMTOBOM CEeTM C 1eJIblo CO30aHuA

Me30I0p,; OHa MOXeT OHTL OCYIleCTBJIEHaA Kak O@paGOTKOﬁ KMcJioTaMu,



KOTOpPHE »Oe3aJIOMMHUPYIOT TBepIOHM OPOIOYyKT, C IocJenyllel IPOMEBKOMN
TUOPOKCUIOOM HaTPMSA, KOTOPHM yIajlseT o0pal30BaBlMecs aJIloMMHVEBHE
ocrarku (J. Perez-Ramirez et coll., Adv. Funct. Mater., (2012),
1-12), Tak u 00paBoTKOM, B KOTOPOM COUETAeTCHa IeMCTBUE KUCIIOTEH
u nencTBUe CTPYKTYPUPYKIET O areHTa, OJIaTOIPUATCTRYKIETO
bopmmporanumio Meszomop (cm. WO 2013/106816) ;

* "Hard templating method" (cmoco® TBepIHX MaTpHUIl) WK
"cnioco® GQopmMoBaHMA", KOTOPHM COCTOMT B TOM, UTO MCIIOJbL3YIOT
[IOPUCTYID CeThb (OpraHMuecKkoM MWJIM HeOopTaHMUeCKOM MIPMPOOH) B
KauecTBe OQOPMH, IIpUUeM 5Ty IIOPUCTYID CeTh IIPUBOOAT B KOHTAKT C
peakUMOHHOM CMechbl, KOTopas MOXeT OO0pa30BHBATL ILEOJIMTHYID CeTKY
TUIPOTEPMUUECKKM IIpeofpas30oBaHMeEM, OCYMECTBJISRT KPUCTAJJIM3aLN
eoJMTa M 3aTeM yIajldoT (opMy KaK IIPpOKaJlMBaHMEM, Tak WU
pacTBOpeHUeM mOJsa obpa3oBaHua Meszsonopuctoctu (C.J.H. Jacobsen,
J. Am. Chem. Soc., (2000), 122, 7116-7117);

* IIpuIaHMe ILeOoJIMTOBOM CTPYKTYPH Me30MI0OPUCTOMY aMOp®HOMY
TBepIOMYy BemMecTBY, TaKOoMy, KaK Me30OINOPUCTHM OMOKCUI KpeMHUS,
pasHBEEe BUIOE KOTOPOTO IOJy4dalnT CrIocofboM "30Jib—-Tejib", ONMCaHHBM B
"M. Matsukata et coll., Top. Catal., (1999), 9, 77-92";

. YKasaHHEN paHee Ip AMOM CUHTES C VCIIOJIE 30BaHUEM
CTPYKTYPUPYRIETO areHTa TUIIa opraHOCHUIIaHa, npryeM
CTPYKTYPUPYIMUM aTeHT TakKoT'o Tula KuMeeT OCo0eHHOCTL, C OIHOM
CTOPOHE, oOJamaThb CPOIOCTBOM C aJIOMOCUIIMKaTaMM, KOTOpHEe o00pa3yilT
LHEeOJIMTHYI0 CeTKY C MCIOJb30BaHMeM CUJIaHOBOM  OYHKIMOHAJILHOM
TPYIIE, a C IOPYIoM CTOPOHH, CIHOCOOHOCTL BaHMMATL IIPOCTPAHCTBO
CBoeM opraHuuecKoM O(YHKUMOHAaJLHOM TPYIIOM ¢ OJIMHHOM lLelbo,
KOoTopad CJHOYXUT »OJ9 TOTO, yTOOE 3aHMMaATb I[IPOCTPAHCTBO WU
[IOPOXIaTh Me30INOPMCTOCTE B Cllydae ee oTmerJieHms (3agBka WO
2007/043731) .

[0006] OnHako, XOTS TBepPIHE BEOECTBa, IIOJy4eHHBE COTJIaCHO
5TOMYy CIocofy OpaMOoTOo CHMHTe3a, obJamalT 3alaHHOM [IOPUCTOCTLIO,
Kak IOeMOHCTPUPYIT M30TepMH amcopdbiuumM asoTra u  poToTrpadmm,
IIOJIyUeHHEe CcIrIocoBoM IMIpocBeurpBapme’ Murkpockonmuu (A. Inayat et
al., Angew. Chem. Int. Ed., (2012), 51, 1962-1965), Bce xe
oTMedYaeTCsa, 4YTO:

e 0o0BeM MUKPOIIOP BTUX ILeOJMTOB C B3alaHHOM IIOPUCTOCTBLIO



3HAUUTEJIEHO MeHbIle O00BbeMa MUKPOIIOP HEME3OIOPUCTHX IIeOJIMTOB;

*  CTPYKTYPUPYIIMM aT'eHT W3MeHSeT CKOPOCThL poCTa I'paHeHn
KpUCTAaJIJIOB, UTO He IIO3BOJIAeT XOPOoIOo pPelyJjiMpOoBaThk  pPa3Meph
KpUCTAaJIJIOB ;

. yBeJIMUueHe comepXxaHusa CTPYKTYpPUPYIILEeT O areHTa,
openycMaTpMBaKillee yBeJIMUeHMe oOLeMa Me30Iop, BeOeT K IoTepe
CeJIEKTUBHOCTU npu KpUCTAaJIJIM3alun 3aIaHHOTO neoJmTa, uTo
IPUBOIUT K OOpa30BaHM HeXeJlaTeJIbHOM CMeCH LeOJIMTHHEX CTPYKTYP
(Y. Meng et al., Asian Journal of Chemistry, 25 (8), (2013),
4423-4426) .

[0007] OmHa ™3 ULeJeM HacTodAmero u3o0fpeTeHUI COCTOUT B
YyCTpaHeHUM IIO MeHblIel Mepe DSTHUX Tpex OCHOBHHEX HeIOCTaTKOB,
KacawnlMxCs IpAaMOTO CUHTES3Ba, B KOTOPOM VICIIOJIE 3YEeTCH
CTPYKTYPUPYIIUY aTeHT THIla oplaHocuJlaHa.

[0008] Dajiee YKa3aHEH OOKYMEHTEHI, B KOTOPHIX ONMCaHO
VCIIOJIE30BaHMe CTPYKTYPUPYKRIMX aleHTOB  THMIIa OplaHOCWUJIaHa U
IIPOM3BOMOHEIX OPIaHOCWMJIAHOB C 1LeJIbl0 CHMHTE3a pPas3HHX LIEeOJIMTOBHX

CTPYKTYpPp C 3adaHHOM IIOPUCTOCTEIO, B UWMCIJI€ KOTOPEX LIeOJIMTE X u

LTA.

[0009] Takx, R. Ryoo (Nature Materials, (2006), vol. 5, p.
718 sqgg.) ommcan cuHTe3s LTA, objlajanomuy Me30I0pUCTOCTBIO, U
HeckoJibkO noszxe K. Cho ¢ coaBTopamm (Chem. Mater., 21, (2009),

5664-5673) omnmcals CHUHTEe3 MEe30IOPMCTEX LeoJIMTOoB Tula LTA U ux
IpMMeHeHMe OJId KaTaJMza. JuppakTorpaMMel, IpelcTaBJIEHHHE Ha (Our.
2 m3 crarbu K. Cho (cMm. BreIme), IOKa3HBAKT, UYTO 3alpa3HAKmas
KpUcTaJlyimdeckasd ¢asa OTCYTCTBYeT. B [IPOTMBOIIOJOXHOCTE BSTOMY
yMeHbIIeHVEe BeJIMUMHH IIMKOB B CJIy¥Yae, KoI'la WuMeeTcda »nobaBKa
CTPYKTypHUpykmero areHTa, ¥ TeM 6ojilee B Clydae, KoIoJa eTo
KOJIMYECTBO BO3pacTaeT, CBUIOETEJIECTBYET o) nerpanalum
KPpUCTAJJIMUEeCKOTO Kapkaca (0 HM3KOM MMKPOIOPUCTOCTH) .

[0010] B EP 2592049 npemnJioXeH CHMHTES I1e0JiMTa, oO0JaTawnIero
oueHb OOJIBIMIOVM M XOPOIO OpPTaHM30BaHHOM Me30I0OPUMCTOCTBIO, HO C
3aMeTHOM OerpalallMel KPpUCTaJIIMUuecKOoTo Kapkaca (Cc oueHb HUBKOM
MUKPOIIOPUCTOCTBI) . B 5ToM cnocofe MCIOJAB3YIT CchHeluudruuecKUn
CTPYKTYPUPYIRIMUM aT'eHT, CcoIepXallyi TpW aMMOHUMWHBE I'PYIIIH.

[0011] B pabore W. Schwieger (Angew. Chem., Int. Ed.,



(2012), 51, 1962-1965) onmcaH CHMHTE3 ME30OIOPUCTOTO ILIe0JIMTa TUIla
FAU (X), B KOTOPOM MCIOJB3YIT CTPYKTYPUPYKINM areHT. TOJIBKO B
OIOHOM npuMepe OIIMCaHoO VCIIOJIL30BaHue TPHAC (xJ0pPMLI [3-
(TPUME TOKCHUCUIINIL) IPONIWJI ] TeKCaleuUJIOUMe TUIIaMMOHM A ) B KauecTBe
CTPYKTYPUPYRIETO0 aTreHTa C MOJISPHEIM cooTHomeHuem TPHAC/A1,0;5,
paBHEM 0,06. IIeosduT, IMOJIYYeHHHM B 5STOM IIpUMepe, UMeeT O0O0BeM
MUKPOIIOP 0,26 cM® 7! ¥ BHemHIOD [IOBEPXHOCTE 130 w27l
ComepxaHue OIIMCAaHHOT'O CTPYKTYPUPYKIIETO areHTa (0,006)
npencTaBJsgeT coboM OGakTHMUeCKM BepxHUM IOpenesl. Ha @OpakTuke
comepXaHMe, IIpPeBHIIaKIlee STO BHAUEHME, BeleT K IIOABJIEHUI LeoJMuTa
TUa P pmaxe B ciydae, KoOI'la KPUCTaJJIM3ALUMKD OCYWECTBJISAOT IIPU
HU3KOM TeMrepaType. TakuM oOpas3oM, He MNPeACTaBJISeTCS BO3MOXHBM
YBEJIMUMBATE I[IOBEPXHOCTE Mes30omop Oojbme 130 M -Tt, opM 9STOM
COXpPaHAad UUCTYR LeOJIMTOBYH CTPYKTYpy ©0e3 3arpia3HEHUSA LeOJIMTOM
Tua P.

[0012] B craTtbe Y. Meng (Asian Journal of Chemistry, 25
(8), (2013), 4423-4426) omnmMcaHe BapMaHTH CHHTE3a Me30IIOPUCTOTO
HeoJmuTa LTA C VCIIOJIL30BaHUEM XJjiopmuna [3-
(TPUME TOKCUCHUIIMII) PO ] OKTaleIMJIOUME TUIIaMMOHM S (TPOAC) B
KauecTeBe CTPYKTYPUPYKRIETO aleHTa M IIpedcTaBJIeHO MCCJeloBaHMe
Pa3JIMUYHEIX  IIapaMeTpOoB CUHTeBRa, B TOM  UMCJIe B OTHOUEHUU
KOJIMUeCTBa MCIIOJB30BAHHOTO CTPYKTYPUPYKIEro alreHTa, MeJJOUHOCTHU
PeakIlMOHHOM Cpeln M TeMIepaTyph KPpUCTaJJIM3aluM.

[0013] "= 3TOTO cyenyer, yTo yBeJIMUeHre comepxaHnsa
CTPYKTYPUPYKIETO al'eHTa, KOTOpOe HNOJDKHO BHS3HBATH YyBeJMUYeHMe
oBbreMa Me30Iop, IOeMCTByeT TakKXe Ha M3MeHeHMe CKOPOCTM pocTa
1IeOJIMTOBOM CeTHu, BH3HBaKIee, TakKuM o0O0pa30M, I[OABJIeHME IPYyTUX
KPUCTAJJIMUECKUX LEeOJIMTOBHX (a3 M, CJIeZoBaTeJIbHO, oOpa30oBaHue
CMecel LEeOJIMTOBHX CTPYKTYP, YTO ABJIAETCS HeXejlaTeJIbHEM. B TO Xe
BpeMs, IubpakToTpaMMH, IpelCTaBJIEHHEEe Ha Oour. 1 »To¥ cCTaThbH,
[IOKa3HBAKT YyMeHBIEHVE KPUCTAJIJIUMUIHOCTH .

[0014] K TOMY xe, IpUBeIeHHAd paHee MHOOPMaLM A
IpenueCTBYRIEeI0 YPOBHA TEeXHUMKM CBUIOETEJILCTBYET, UTO OOBeME
MUKPOIIOP OTUEeTJIMBO MeHblIe 00LEMOB MUKPOIIOP COIIOCTaBMMEIX
HEMEe3OIOPMUCTHX LEeOJUTOB (TO eCThb BHEMHAA IIOBEPXHOCTH Me30IIop

KOTOPHX, COOTBETCTBEHHO mHaJibHelmeMy OIpenesleHrio, 0e3yCJIOBHO



MeHbIIe 40 Nf-rfﬂ, ELie) CYIIECTBEHHO BpeouT B BapMaHTax
[IpMMEHEeHMS, B KOTOPHX TpebyeTcsa OOJbIIOe COIOepXaHMe aKTUBHBEX
LIeHTPOB. BoJlee TOTO, PasMepH KPUCTAJJIOB IOOBEPIJIMCEH BO3IEMCTRBUIO
Y He MOT'YT OHTBH M3MEHEHEH.

[0015] HakoHelr, CIIOCOBEH [IOJIyUYeHUs, OIIMCAaHHEIE Ha
IpenmecTBYIEeM YPOBHEe TEeXHMKM, I[IPeOCcTaBJIAlnTCa TPYIOHBEIMU  IOJIA
pealu3aluM B I[IPOMHIIJIEHHOM MacmTade, B UYaCTHOCTM, IO IIPpUUMHE
BEHICOKMX 3aTpaT, KOTOPHE OHM MOTYT IIOPOXIaTk, WM I[I0 IIPUUYMHE
IPONOJIKUTEJILHOCTY CHUMHTe3a, KoTopas TeM OoJiblle, uYeM B OoJbliel
cTerneHu TpebyeTcsa yBEeJIMUYMTE MEe30MNOPUMCTOCTD.

[0016] OCHOBHHE CCHUJIKM Ha BapMaHTH IOOIIOJIHUTEJILHOM
obpadboTKU paccMOTPEeHH oajiee. B us 2013/0183229 YyKasaHo
KOJIMUEeCTBO areHTa Pluronic® moro xe nopAnkKa, 4YTO M KOJMUYECTBO
nmeoJuTa X, C OJINTEeJIb HEIMMA obpadboTkamMu B KUIKOM dbaze C
HECKOJIBKMMM TIOCJHENYIVMMY CTaIVuaMU IIPOKaJIMBaHMA, B TO BpPeMs Kak
B WO 2013/106816 mnpencTaBJIEHH BapMaHTH o00pad®oTKy TaJIoTeHUIOM
HeTuITpuMe TuJaMMoHMsa (CTA), CBA3aHHOTO C KMCJIOTOM. B nyfiamMrauum
J. Perez-Ramirez " COaBTOpPOB (cm. TaMm xe) onmcaHa
OOIIOJIHUTEeJIbHada o00paboTKa, ONTUMMIMPOBAHHAA OJA LeosmuToB X M LTA
M CcoCToAmas M3 HadvaJlbHOM 00paboTku KucjaoTom H,SHOTA, Oocielylmen
oBpaboTky ocHOBaHMeM NaOH ¥ 3BakjouUUTeNIbHOM 00paboTKM KUCJIOTOM
Na,H,3OTA.

[0017] XoTa »THM CIHOCOBOH II03BOJAIT IIOJyYaTh LeOJIMTH C
3amaHHOM IIOPUCTOCTBLIO, Kak TO IIokKasbBaeT dopMa M30TepM amdcopOluu
as30Ta IIOJIyYeHHBMM TBEePOEMM BemMecTBaMM, CJedyeT OTMEeTUTL, UYTO B
TUX crnocofax MCIOJb3YIT KOJIMUYECTBO KOMILJIEKCOOOpasyKoero areHTa
TOT'O Xe TIopAdlKa, 4YTO M HadallbHad Macca leoJMTa, CO MHOXEeCTBOM

OJIMTeJIbHBIX OHepaLU/Iﬁ. Kpome TOT'O, MaCCOBEIM BHXOO STUX CIOCOOOB

cocTaBJIgeT MeHbIIe 60%, UTOo elme BoJiee yXyOmaeT 17D:4
IPOUBBOAUTEJILHOCTE . TaxmuM obpaszoM, STU CrioCcoOH ABJIAIOTCH
OJIUTEJILHEIMY, HOOPOTOCTOSAMMMU M  HUBKOIPOMBBOOUTEJLHEIMM. KpoMme
TOTO, 0B BEeMH MUKPOTIOP CUJILHO YMEeHBLIAanTC A mocje pPas3HBEX
0BpaboToK.

[0018] ABTOpaMMU HacToAmeIro n300peTeHnd HanoeHo, yTo

HpO@J’[el\de InpenmeCTByKRmeIro YPOBHA TeXHIMKM MOTWYT OBITH PElleHEl

[IOJIHOCTBIO MM IIO MeHBIIen Mepe UYaCTHMYHO Gnaronapﬂ omeojimTaM C



3adaHHOM TOPUCTOCTBI COTJIaCHO HaCTOAMeMY M300peTeHM o.

[0019] B wacTHOCTM, ILeJilb HacCTOAmMeI'o M300peTeHUus COCTOUT B
pazpaboTKe 1LIeOJIMTOB C 3alaHHOM INOPUCTOCTLID, codUeTanmux OOJIbLIION
006BeM MMKPOIIOP, OITUMAJIBHYKR UMCTOTY U pPelyJIMpYeMHEe pas3MepPH
KpUCTaJIJIOB. [pyTas LeJib HacTodAmeI'o U300peTeHusda COCTOUT B
pazpaboTke BKOHOMMUUHOTO, IpOoCTOTO UM JIETKO peajiu3yeMoro B
IIPOMHIIJIEHHOM MacmTabe crnocofa NOJIydeHMSa YKas3aHHHX LeOJIMTOB.

[0020] Taxum oOpasoM, COIJIaCHO IIepBOMYy AacCIeKTy HacTodlee
nz3obpeTeHre OTHOCUTCS K  LeoJMTy C  3alaHHOM  IIOPUCTOCTLIO,
VMenneMy 10 MeHbIlel Mepe cJledIylMe XapaKTepUCTUKN :

* MOJISpPHOEe COOTHomeHMe Si/Al B wuHTepBajle oT 1 mo 1,4,
BKJIOUAd TPaHWUHBHE 3HAUEHUS;

* CpemOHeuMrCJIOBOM IOMaMeTp KPMCTAaJIJIOB B MHTepBaJjie oT 0,1 1o
20 MKM, IOPennodTUTeJIbHO B MHTeppaJyle oT 0,1 1mo 10 wmrMm, OoJee
OPenrIouYTUTeJIbHO B MHTepBajle oT 0,5 mo 10 MxM u HaumboJiee
IpenrnouTUTeJIbHO B MHTeprBaJe oT 0,5 mo 5 MKM, BKJIKOUadad T'PaHUUHHE
3HAUEHUS;

* peryJjiMpyeMasd M OITMMalJlbHasd KPUCTAaJIJIMYHOCTE;

* ME3OIOPUCTOCTEL, Takasd, UYTO BHEMHAHA IIOBEPXHOCTE ME30IIop
HaxomouTtca B MHTepbajie oT 40 pmo 400 M Tt [IPEennouTUTEJIEHO B
uHTepBaje oT 60 mo 200 M2l

[0021] CoryacHO IpPenlouTUTEJIbHOMY BapMaHTy OCYHIeCTBJIEHUSI
LeOJIUT II0 HacTofAmeMy M300peTeHMIo NpelcTaBJisgeT coOoM LeOoJIMT TuUIla
FAU M HOpemnrnouTuTesIbHO LeosmT X, MSX, LSX wmiaum ueoymuT Tuna EMT,
WX Takxe LeoyuT THuna LTA, T.e. uneosmmT A. Ilog ueosgmuToM MSX
(Medium Silica X (OMOKCHI KpPeMHMSA CpPeOHero pasMmepa)) IIOHMMAKT
LIeoJIUT Tulla FAU, KMMeomMM aToOMHOEe COOTHomeHMe Si/Al B MHTepBaje
NPpUOIIN3UTEJIEHO oT 1,05 pife) OPUOIIN3UTEIJIBEHO 1,15, BKJIIOUA A
TpaHWUHEE 3HaueHMdA. Ilon uneoguToM LSX (Low Silica X (OAMOKCUEL
KpeMHMSA cpendHero pasMepa)) I[IOHMMAKT LeoJUT Tula FAU, VMeomUi
aToMHOe oTHomeHMe Si/Al oxojo 1.

[0022] VYka3aHHBE paHee XapaKTEPUCTUKM NIPUIAKRT IEOJUTY IO
HacToOAmEMY M300pPEeTeHUK YIIYUIIeHHEEe, COBEPIIEHHO HEOXMIAaHHEE U
MHTepeCcHBe CBOMCTBa IIO0 CpPaBHEHMIO C 1LeoJMTaMM, WM3BECTHHMM Ha
IpedleCTBYIEM YPOBHE TeXHUKM UM MMEeRIMMK TOJIEKO MUKPOIIOPHE WMJIM

OOHOBPEMEHHO MMKPOIIOPEI M ME3OIIOPH .



[0023] PasmMeptl KPUCTAJJIOB LeoJmnTa 1o HacToAmeMy
MN300peTEeHND XapaKTepusynTcd nx CpeIHeUMCIJIOBEM oMaMeTPOM,
onpenejyigaeMuM 1o HaOJII0I e HUIO non CKaHUPYOIMM BIIEKTPOHHEIM
MMKpockorioMm (MEB), kak yKaz3aHO Jajiee. HacrTosdmee wu300peTeHUe
VMeeT TaKxXe IIpeuMylleCTBO, COCTodllee B TOM, UYTO I[IO3BOJIAET
KOPPEeKTUPOBATE UM PEryMpoBaTh pa3Mep KPpUCTallJIoB, B YaCTHOCTM, B
3aBUCHMOCTM OT YCJOBUM CHHTEe3a, M3JIOXKEHHHX Iajiee.

[0024] Ilonm LEOJIUTOM C peryiamupyeMon n ONTUMAJILHOM
KPUCTAJIIMUHOCTRIO IIOHMMAKT, C OIHOM CTOPOHH, LEeOJIUT, CoIepXamui
YNUCTYH 1LEeOoJIMTOBRYK Gdasy u 06oJiee TOUHO COCTOANMM TOJIBKO U3
LHeOJIUTOBOM (asbl MM CcomOepXamuM, OPpelloUuTUTeJIbEHO COCTOSmMM, IO
2% Macc., BKJKUYasg I'PaHMUHOE 3HadeHMe, TOJIEKO OOHY WMJIM HeCKOJIBKO
OIPYTUX LEeOJIMTOBHX WM aMOpQHEX (a3, Has3bHBaeMbX 3al'psa3HARIYMIA
bazamMy (OpuU DBTOM KPUCTAJUJIMUHOCTE OllpelelidlnT crnocobom PCA 1o
MeTOOVKEe, ONMCAHHOM Iajlee), a C IOPyTOM CTOPOHH, OOBEM MMKPOIIOP
Vip COOTBETCTBYET YPaBHEHUIO Vup=Vuprt15%, NpennouTUTesIbHO
YPaBHEHUIO Vip=Vprt103 u BoJiee IPenrIoYTUTEJILHO YPaBHEHUIO
Viup=Vuprt 5%, roe  Vyer IOpencrTaBiigeT coboim  obBeM  MMKPOIIOP,
OIpeHeJIeHHEM B TaKUX Xe YCJIOBMAX IJS LeoJiMTa, MMEeKIero TakKykl Xe
XVMUUECKYD IIPHMPOOY M TaKyln Xe KPpUCTaAJUJIMUEeCKYKD CTPYKTYPY,
ABJIAKIETOCHA IIOJIHOCTBI KpUCTaJIMUeckKuM (corjiacHo ©ase ICDD PDF-
2, BHOyck 2011 roma), HO He Me30OINOPMUCTHM B CMHCJE HaCTOAMeIo
n3obpeTeHNUs, T.e. BHEMNHAA IOBEPXHOCTE KOTOPOTO 0e3yCJIOBHO
Menbme 40 Mm? -1 .

[0025] Hampumep, corjgacHo "D.W. Breck. Zeolite Molecular
Sieves, John Wiley and Sons, New York, (1973)" B Tatiuuue 4.26
Ha CTp. 348 o00BeM MUKPONOP Vypr HEMESOIOPUCTOIO IIOJIHOCTBIO
KpUcTaJlsiMdeckoro neosmTa LTA ykazaH paeHemM 0, 30 CM3‘P{, M B TOM
xe paboTe M B TOM Xe Tabiauue 4.26 Ha cTp. 351 oOBeM MHMKPOIIOP
Vipr LeosmTa FAU NaX ¢ cooTHomeHueM Si/Al B uMHTepBajle OoT 1 IO
1,5, 4BIdomWerocs HeMe3OIOPUCTEM W IIOJIHOCTBK KPUCTaJJIUYeCKUM,
yKazaH paBHeM 0, 36 oM’ Tt

[0026] PacueT oO0BeMa MUKPOIOP OCYIECTBJIALT crnocobamu,
M3BECTHEIMM CHelMajiMCTaM B IOaHHOM o0JlacTM TeXHMKM, MUCXOOd U3
M30TEepMEl amcopbumM as0Ta WM aploHa, MJCIOJb3yHA, KaK yKasaHO

najiee, VYpaBHeHMe [yOuHMHa-PamymkeBuua. ClleyeT HAIOMHUTL, UYTO



pacueT BHemHeM T[OBEPXHOCTUM Me30IIop OIpelelignT 10 YPaBHEeHUD
XapkuHca ” JIXypEHL.

[0027] HeodnuTE C 3aOaHHOM IIOPUCTOCTBI IO HaCTOAMeMYy
n300peTeHrI0 IpedcTaBJILlT CcoO0M TRBRepOele BemecTBa, obJjamanmme
CeTbld MMKPOIIOP, CBS3aHHOM C CeTbi MEeS3OIIop, M II03BOJIAIMEe, TaKUM
oBpas30M, COBMEWlaTh XapaKTepUCTUKM OOCTYIIHOCTM AaKTHUBHEX LeHTPOB
ME3OIIOPUCTEX  LIe0JIMTOB, M3BECTHEIX Ha [OpeIlleCcTBYKIEM YPOBHEe
TeXHUKH, ¥  XapaKTepMCTUKM  MaKCUMAaJIbLHBEIX  KPUCTAJIJIMUHOCTU U
MUKPOIIOPUCTOCTU  LIeOJIMTOB, Ha3HEaeMbIX "xkjaccuueckumMm" (Bes
Me3O0IoOPUCTOCTHM) . TakuMm o00pasz3oM, LEeOJMTHE C SBadaHHOM IIOPUCTOCTLIO
[I0 HacTodmeMy M300peTeHMIO o00JlafalT HEeOXMIOAHHBIMM CBOMCTBaAMM U
OTKPHBAIT HOBEIE [IEPCIEKTURH B OTHOIMEHUN obJjacTen X
[IPOMBIIJIEHHOTO MIPVMMEHEHWS .

[0028] Kpome TOTO, LEOJMTH I10 HACTOAMEMY MN300pPEeTeHMI MOTYT
OHTE TOOBEPTHYTH  OIOHOMY WMJM HECKOJBKMM KAaTMOHHEIM OOMeHaM
(HanmpuMep, C OOHOM WMJM  HECKOJILKMMM  COJIAMM  MEeJIOUHBEIX  WMJIU
MEeJIOUHO3EMEJIBHEIX MeTaJlJIOB), 4YTO XOPOIO WM3BECTHO ClelMallucTaM B
OaHHOM 0O6JacTM TexXHUKM ¥ OOHUHO OCYMEeCTBJIAT C TPpalIXUMOHHEMA
LeOJMTaMM .

[0029] CorJjilacHO »OpyI'OMy BapMaHTy HacTosdllee U300peTeHue
OTHOCHUTCS K CIOCOOYy IMOJIyUeHMS 1LeOJIMTOB C 3alaHHOM IIOPUCTOCTLIO,
onmcaHue KOTOPEIX IpUBeIeHO najee. Crioco® 1o HacTodleMy
n300peTEeHND obJslamaeT, B YaCTHOCTH, IperMymecTBaMu,
3aKJIOUaIMMICA B IIPOCTOM OCYMEeCTBJIEHUM, JIEeT'KOM BOIUJIOMEeHUNM B
IIPOMHIIJIEHHOM  MacmTabe, opM  STOM, B  UYaCTHOCTH, Biaronapsd
BEHICOKOMY BEIXOITY CUHTE?3Ba, YCTOMUMBOCTHU u BHICTPOTE
TEeXHOJIOTMUYECKOT'O IIpollecca.

[0030] BoJjiee TOUYUHO CIIOCOO IOJYUYEeHMS LeoJiMTa C 3alaHHOM
[IOPUCTOCTRI IIO HaCTOoAmeMY M300peTeHMK BKJIOUaeT B ceba 1o
MeHbIlel Mepe cJelyllye CTallu:

a) TIoJIydeHMe TeJisd, Hal3EBaeMOI'O OCHOBHEM TI'€JIEM, CMeEMMBaHMEM
VMCTOUHMKA IOMOKCHIa KPEeMHMS C MCTOUHMKOM OKCHUIa aJIOMUHUSA [IpU
TeMrIepaType B MHTepBajyie oT 0 mo 60°C;

b) npubaBJIeHUE K OCHOBHOMY TeJio co cTanmum a)
3apomrplleofpas3yrIlero aleHTa IIPpM TeMlepaType B MHTepraJie oT O OO

60°C;



c) npubaBJeHMEe K peaKUMOHHOM CMeCcHu II10 MeHblIleM Mepe OIHOTO
CTPYKTYPUPYRIEeTro areHTa;

d) ocCymecTBJIEHME KPUCTAJJIM3alMM [IOBEIIEHMEeM TeMIIepaTypPH;

e) OMIBLTPOBaHME U IIPOMEIBKA KPUCTAJIJIOB IMIOJYYeHHOTO LIeoJMTa;

f) cymka M OpokKaJiMBaHUE.

[0031] CrnenmyeT HOHMMAaTBL, 4YTO CTalusa C) OpubaBJIeHMS OOHOTO
MJIM HECKOJIbKUX CTPYKTYPUPYIIMX aTeHTOB MOXeT OHTL BHIIOJIHEeHa B
TO e caMoe BpeMd, UTO UM CcTaiuu a) u/mir b), UIM TakKxe Iepeqn
cTamMaMM  a) n/mam  b) M/WUaIM  IocJle  HUX. Bo Bcex cayuasax
CTPYKTYPUPYIIUY aTreHT IOJIKeH IPMUCYTCTBOBATL B PEaKIMOHHOM CMeCH
0O OCymecTBJeHMI cTaiuu d) KpucTaum3auuu. OmDHako OpubaBJIeHUE
CTPYKTYPUPYIRIETO areHTa OPedlouTUTEeJIbHO cJelyeT OCYIeCTBJIATH
nocje crTamzuu b). Kpome ToOTO, Mexny cTrTamuaMmu a), b), c) mu d)
MOXeT OHTbL IIpedyCMOTpeHa Iays3a (BHIepXKa C IIepeMellMBaHMeM WK
Bes HeTO) .

[0032] B OpellouTUTeJIEHOM BapMaHTe OCHOBHOM T'eJib COOEPXUT
OOHOPOIHYI CMeCh MCTOUHMKA IOMOKCUIA KpeMHHUSA (HalpuMep, CUJIMKAT
HaTpMUA), MCTOUHMKA OKCUIa aJIoMMHMA (HalpuMep, TpUIMIpaT OKCHIa
aJIIOMUHKA) , CMJIBHOTO HeOopTaHMYeCKOT'0 OCHOBaHMA, TaKoTo, Kak,
HalpyMep, TIUIOPOKCUIL HaTPpUA, KaJdusa MIM KaJlblMsda, YyIOMMHaeMbe Kak
OCHOBHEe U 0oJiee UacTO MCIOJb3YyeMHEe, ¥ BOIOY.

[0033] Crioco® 1o HacToAgmeMy n300peTeHUn oOTJIMYaeTCcsd
MCIIOJIL 30BaHMEM TeXHUKM 3aTpaBKU 1o MeHbIIeMn Mepe OIOHUM
3apolmineofpal3yromMuM areHTOM, XOPOomO WM3BECTHHM ClelMaJucTaM B
OaHHOM obJjacTu TeXHUKH, HaopuMep, BHIOPaHHEM nus3
3apolmineofpal3yommx  IeJeu, KpUCTAaJJIOB, HanopuMep, KPUCTAJIJIOB
LIeoJINTa, MMHEePpaJIbHHX YacTull JodoM OIPpUMPOINH, HalpuMep, KaoJMHa,
MeTa-KaoJiMHa WM TJIMHBE OPpYyTOT'O BUIAa, M OPYTUX BeIeCcTB, a Takxe
X CcMeceu.

[0034] Bes HamepeHMI TIPUBA3KKM K TeOpUM CUMTART, yTo
3apoluiieobpal3ymmuyl areHT OJaToNpUATCTBYET HallpaBJIeHMIO CHMHTe3a B
CTOpOHY TpebyeMoro lLeoJuTa. Kpome Toro, OJjaromapsa IPUCYTCTBUIO
3apoOHIeobpa3yrIero areHTa MOXHO MCIIOJIL30BAThH KOJIMUECTRBO
CTPYKTYPUPYKRIEeTo aleHTa, I[IpeBbIaKimee KOJMUECTBO, OIMCAaHHOEe Ha
IpenmecTBYKIEM YPOBHe TexXHUKM, ©0es HapymleHUsI WMIM 3aMeoJIeHud

KprucTaJijimsalunln LIEOJIMTOROM CeTH.
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[0035] B OpeXINouTHUTEJIEHOM BapMaHTe  3apolvmeobpas3ylmui
areHT IIpenOcTaBJgeT CcoBOoM 3aponmmmeofpal’ylmui T'eJb, IOIPpYM STOM
BoJiee NpennouTUTEeJIbHO yKasaHHBEM 3aponrineodpa 3y Tellb
COOEPXUT ONHOPOIOHYK CMeCh MCTOUHMUKA OUOKCHUIA KpPpeMHUS (HalpuMep,
CUJIMKAT HaATPUA), MCTOUHMKA OKCHUIa aJIoMMHUA (HalpuMep, TpUruipatT
OKCHIOa aJIIOMMHMSA), CMJIBHOTO HEeOpPTraHMUeCKOI'O OCHOBaHMUA, TaKoTIo,
Kak, HalpuMep, TUIPOKCUIH HaTpUA, KaJlusga VI KaJbLMg,
yIIOMMHaeMbEle KakK OCHOBHHE M 0oJiee YacCTO MCIOJb3YyeMee, ¥ BOOY.

[0036] T'OMOTeHHOCTL CMecHM MoOxeT OBTbL ofeclleueHa JIOOBM
crmoco6oM, XOPOomO M3BECTHHM ClelrajJucTaM B OaHHOM  o6JacTu
TexXHUKM, W, HalIpuMep, M HeOoTpaHUUMTEeJIbLHEM o0pasoM, II0CPelCTBOM
JIOTIACTHOTO CMECUTEJIA, MEemMaJIKM WM TakKXe I[IOCPeICTBOM CMeCUTeJId
MHEKOBOTO TUIla, HalpMMep, olMcaHHoTo B EP 0818418.

[0037] B r1nopdOKe HeOT'PaHMUMTEIBHOTO IIpPMMepa B peaKTope
BMECTMMOCTEI 3 JI, OCHAIIEHHOM IIHEKOM, 4YacToTa BpalleHMsa KOTOPOTO
yCcTaHOBJIeHa paBHOM 300 O@‘MMHﬂj YIOOBJIETBOPUTEJIEHASA TOMOT'€HHOCTD
OOCTUT'aeTCd B TeUeHMe OT HEeCKOJbKMX MMHYT IO HECKOJIBKUX
OECATKOB MMHYT M B ofmeM ciydyae B MHTepBaJe oT 20 mo 30 MMHYT.

[0038] Cmecr mnojgydanT B OOIeM CJydae IIpU TeMIlepaTypax B
uHTepBajie oT 0 mo 60°C M HOpennouTHUTesJIEHO B MHTepBajie oT 10 1o
40°C, MO MPaKTUUECKMM M SKOHOMMUECKUM COOBpaXeHUSIM CMeChb OoJiee
NPenlouTHUTEeNIbHO I[IOJIydualT IIpM KOMHATHOM TeMlIepaType, HalpuMep,
npu 25°C. Ilpu 5BTOM OPONOJKMTEJLHOCTL TI'OMOTEHM3aluM B OOIeM
cllydyae CcOCTaBJIsSeT MeHee 2 YaCoB.

[0039] Kpome TOTO, crioco® IO HacCToMdAmeMy M300peTeHMD
oTnuaeTcsa nOpubaBJIeHMEM K OCHOBHOMYy TeJIl0, I[IOJIYUYEeHHOMY TaKMM
obpasomM, 3apoumeobpa3yrimero areHTa u IpennouYTUTEeJILHO
3apolmineofpas3yromero reJd COIJIacHO KOHUEeNUMM, oIpenejeHHon B US
3947482 . KogmuecTBO, NpMOaBISEeMOTO 3apompleofpas’yrlero areHTa,
MOXeT WM3MEeHATbCH B [MUMPOKUX IIpelejlax, I[IPpM DS2TOM KOJMUECTBO
NprbaBJISAEeMOTO 3apompmeofpas’yrMero TeJii II0 OTHOMEHMK K Macce
OCHOBHOTO TeJid B ofmeM cJiydae MOXeT HaxXOIWTbCS B WMHTEepBaJe OT
0,1 mo 20%, NpellouTUTeJILHO B WMHTepeajie oT 0,5 mo 15% mMmacc. u
foJiee TIPENIOUTUTEJILHO B MHTepBaJe oT 1 pmo 10% mMacc., BRJIKOUYad
TPaHUUYHEE 3BHAUYEHUSL.

[0040] B ciyuae, Korma 3aponrmeobpa3ynmmn areHT
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opencraBJageT cobo¥V KpHUCTAaJJI LeoJMTa, peub OPpellouTHUTEeJIbHO MIET
O KpuCTaJlJle lLeoJIMTa TaKoM Xe IIPUMPOOH, UYTO M LeOJIUMT, KOTOPHM
TpebyeTca CHMHTE3MPOBATHL. Pas3Mep KpucTalljla MOXeT W3MEeHATHLCHS B
IMPOKMX IHOpenejax u, HalpuMep, HaxXoOOUTCH, Kak IpaBWUJIO, B
mHTeppaje oT 0,1 mo 10 MxM. COTIJIACHO INPEONOUTUTEJIEHOMY BapMaHTYy
OCYyImEeCTBJIEHUI KPUCTAJIJIH 11e0JIMTa BBOIAT B BUIEe BOOHOM CYCIIEH3UU.
KommMuecTBO BBEIEHHHX KPUCTAJIJIOB TakKXe MOXeT UM3MEeHSATLCS B
IMPOKUX IIpenejlax M B ofmeM cjyuae HaxOIOMTCsS B MHTepBaJje, Kak
npaesmijo, otT 0,1 @mo 10% wMacc. IO OTHOmeHMIO Kk ofmel Macce
OCHOBHOTO TeJid.

[0041] Kaxk OwBUIO VYKa3aHO paHee, crioco® IO HaCToMleMy
n300peTeHNr0 HNpelcTaBJgeT cobol croocod OpaAMOT0 CHMHTe3a ILeoJiuTa C
3adaHHOM IIOPUCTOCTLIO, a He crnoco®, B clydae KOTOPOTO 3alaHHad
IIOPUCTOCTL ABJIAETCH CJeICTBMeM NOINOJIHUTeJILHOM o00pa®oTKM paHee
CUHTEe3MPOBaHHOTO  1le0JIMTa. OoHako OCymecTBJIeHMe MocJenyouen
CTaIuY OOIOJIHUTEeJIbLHOM 00paboTkM CHUHTEe3UMPOBAHHOTO Ie0JIMTa He
BHXOOMT 3a paMKM HacTodmero M300peTeHUS.

[0042] TakmM obpasoM, cCHocob 10 HaCTOAlleMy UW300peTeHM
BKRJIOUAET B celb4 CTanouio npmubaBJjieHU A K cMecH [OCHOBHOM
TeJlb/3apodpmmeofpasylmm aredHT], I[IOJYUYEeHHOM Ha cTaiumM b), 1o
MeHbIIeV Mepe OIOHOTO CTPYKTYPUPYKIMEeIo areHTa.

[0043] CTpyKTYypHUpyKIIMe aTeHTH, KOTOPEHE MOTYT OBITH
MCIIOJIL30BAHE, IMIPelCcTaBJIST coBo¥M areHTH JIOOBX TUIIOB, W3BECTHHX
crieumMaJmUcTaM B ITaHHOM  oBJlacTuM  TexXHUKMU, U OpedlnoudTUTeJIbHO
aTeHTH, oIMcaHHEe B WO 2007/043731. CoIJlacHO MNPellIoUYTUTeJILHOMY
BapMaHTy OCYIEeCTBJIEHUS CTPYKTYPUPYIIMM aleHT IPeOloUTUTEJILHO
BHOUPAT M3 OpTraHOCUIIaHOB U 0OoJiee MOPEedlNouTUTEeJIbHO M3 XJopuia

[3- (TPMMETOKCHUCHUIINIIL) IPONIWJI] OKTaOdeuMJIOINMe TUJIaMMOHM A, XJiopuIia [3-

(TPMME TOKCUCHUJIIWII) IPONIWII] TeKCaleUMJIOVMMe TUJIaMMOHM A, XJIopunoa [3-
(TPMME TOKCUCHUIIMII) MPONINII ] TOOeIMJIONME TUJIaMMOHM A, XJIopunoa [3-
(TPVME TOKCUCHUJIIWII) MTPONINWII] OKTUIJIaMMOHM S, N-[3-
(TPVME TOKCUCHUIIVII) PO ] aHWUJIMHA , 3-[2-(2-
aMVHO D TUJIaMVHO ) 3TUJIaMUHO | IPONUIITPUME TOKCHUCUIIaHA , N-[3-
(TprMe TOKCUCUIIMITL) Nponnii] —N' - (4-BUHMIIOEH3WII) 3 TUJIeHOaM1Ha ,

TPUBTOKCHU—3— (2-MMUIOAa30JIMH— 1 —1JI) IPONMJICUIIaHa, 1-[3-

(TPUMEe TOKCUCUIIWIT) IPOIINJI ] MOUEeBUHEH, N-[3-
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(TPVME TOKCUCHUIIMII) PO ] 3TUJIEHIVMAaMVHA , [3-
(DB TUIIaMMHO ) IPOINWJI] TPUMMETOKCHUCHUIIaHa, (3-
TIIMUUOUIIOKCUIIPOIINII) TPMME TOKCUCHUIIaHa, 3-
(TPUMe TOKCUCUJIWIL) IPpONIUIIME TakpuiiaTa, [2-
(LMKJIOTEeKCEHWJI) 5TUJI] TPUDTOKCUCUIIaHa, OOOeLUUJITPUATOKCHUCUIIaHa,
rekcageluJITPUMe TOKCHUCUIIaHa, (3-aMMHONPONMJI) TPUME TOKCUCHUIIaHa,
(3-MepKaNTOoNpOIWII) TPUMETOKCHUCHUIIaHa, (3-
XJIOPIPONNJI) TPMMEe TOKCHUCKUIIaHa, a Takxe U3 CcMeceM IOBYX WM

HECKOJIbKMX DTUX COeOMHEeHUMV B JIOOLBIX IIPOIOPLUMAX.

[0044] Cpemm paHee I[IE€PEUMCIIEHHEX CTPYKTYPUPYIRIMX aTleHTOB
BoJee NPEennouTUTEeJIbHEM ABJIAEeTCH XJIOPUL [3-
(TPUME TOKCHUCUIIWII) IIPOIWII ] OKTameuinuMe TujaMMonmsa muiau TPOAC.

[0045] Takxkxe MOXHO MCIIOJIB30OBATH CTPYKTYPUPYKIME aTl'€HTH C
BoJjiee BHICOKOM MOJIEKYJIASPHOM MacCcCo¥, HalpuMmep: PPDA (moJmMep
NOJIMONAJIINIIOVMME TUJIaMMOHY A) , [IBE  (monmBMHMIOyTMpAaJb) W OpyITHe
OJIMT'OMEPHHE COeIVMHEHUNHA, WM3BECTHHE B TeXHUKE YBeJIMUeHUA IOMuaMeTpa
Me30IIop .

[0046] KommuecTBO OIOHOTO WM HECKOJBKUX CTPYKTYPUPYIOIMUX
aAT'eHTOR MOXeT WM3MEHATHLCA B IMPOKMX Ipemesax M B 00meM cliydae
ABJIAETCS TaKMM, UYTO MCXOOHOE MOJIAPHOE COOTHOIEeHMEe OIHOTO WM
HECKOJIbKMX CTPYKTYPUPYKRIMX areHTOB M Al,0; HaXOOMTCH B MHTepBalJe
or 0,005 mo 0,20, HOpelnodyTUTeJILHO B MHTepBaJje oT 0,01 mo 0,15 m
foJjiee TMNpPedlouTHUTEeJIbHO B MHTeppajle oT 0,02 z»mo 0,08, BrIodYasa
TPaHUUHEE 3HAUEHUS.

[0047] IlpubarjieHMe OOHOTO WM HECKOJBKUX CTPYKTYPUPYIMX
ATEeHTOR OCYIECTBJIAT IIPM IIepeMellMBaHuM, HalpuMep, Tak, KaK OBUJIO
yKaz3aHO paHee Ha CTaiuM a), M 3aTeM CMeChb HalpaBJIAKRT Ha CTalubo
COBpeBaHMa, OCYIMECTRBISAEMYK IIPEeOlNoUTUTENIEHO IIpM IIepeMelMBaHUuM
o-mIpexHeMy I[IPpM TOM Xe TeMIepaType, HaopuMmep, nOpu 25°C, B
TedueHMEe IIPOMEeXyTKa BpPEeMeHM OT HEeCKOJIBKUMX MMHYT IO HEeCKOJbKUX
IECATKOB MMHYT, KakK IpaBWJIO B TEUEHMe Yaca, I[IPU IIepeMellMBaHuu
mpu 300 06 -MuH .

[0048] ITocJie cTagnm co3peBaHmsd PEeaKIMOHHYIO cCMecChb
VCIIOJIE3YIT Ha cTaiuu d) KpucTaliM3aluu, IIPpOoHNoJiKasd [IepeMellMBaTh,

HO 0OoJlee MeNOJIEHHO, KaK IIpaBMUJIO B MHTeppajie oT 20 pmo 100 o6 MMH

1 1

, Hamnpumep, opu 50 00 'MMH ~, IPpM 5TOM yBeJMUMBASA TeMIepaTypy IO
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3HaueHUS B MHTepBajyie oT 60 mo 100°C, Hampumep, mo 75°C. Bpewms,
HeoOXoOoMMoe IJIS KpucTaJiM3aluuy, B O0O0meM cjydae COCTaBJIigeT OT
HEeCKOJIBKMX UYaCOB OO HEeCKOJIBKMX OeCATKOB YacCOB M NPEeNlIOUTUTEJILHO
oT 8 mo 48 uacos.

[0049] [locJyie cTamuMyM KpUCTaJJIM3alUM  KPUCTAaJJIBL  LeoJiuTa
BHOEJIAIT M3 pPeaKUMOHHOM cMecKu OUILTPpOBaHMEM M 3aTeM IPOMHBAT
OOHUM VI HECKOJIbKUMU anarnTUpPOBaHHEMA PacCTBROPUTEJIAMA,
ABJISOMMUMMUCS  BOOHBEIMU  ¥/WMJIM  OPTAHUUYECKUMU ¥ [IPeOlIOUTUTEJIbLHO
BOOHEIMM, M, HaKOHEl, CyllaT IpKu TeMlepaType B MHTeppaJe oT 50 1o
150°C TpaOMLUMOHHEIMKM CIocOofaMy, M3BECTHHMM CHeLMaJIMCTaM B HaHHOM
0BJIaCTU TEeXHUKU.

[0050] CpemHuM pas3Mep KPUCTAJJIOB MOIPeIlNOoUTHUTESIBHO MOXHO
peryaupoBaThk, W3MeHAd COIepXaHMe 3apolelleofpa3yplel’0 al'eHTa
(Bapompmeobpa3zynmero Iejid WIKM KpUCTallJIoB, HallpuMep, LeoJuTa,
WM OPpYyI'MX al'eHTOB) I[IO OTHOWEHMK K OCHOBHOMYy I'eJIb BO BpeMsd
cramuu b) .

[0051] 3aTeM CcyxXMe KPUCTAJJIE HDOOBepralT IPpOKallMBaHUI,
KOTOpOe HeOoOXOOMMO IJIA OOHOBPEMEHHOTO OCBODOXIEHUS MUKPOIIOP
(yoajleHre BOIH) ¥ Me30HIop (yIDajleHMe CTPYKTYPUPYKRIIeT'O arleHTa) .
[IpokaymBaHue, OCYIWeCTBJIAeMOe IJIA YHOaJIeHMA  CTPYKTYypUPpYKIeIo
areHTa, MOXeT OHTb peajin30BaHO JIOOEIM CIOCOOOM I[IpOKaJIMBaHUL,
M3BECTHEM ChOellMaJiMCTaM B JIaHHOM of6JacTu TexHMKM. B Hnopdnke
opuMepa W HeOoT'pPaHMUUTEJIBHEM of0pas3oM, I[IpOoKallMBaHue KPUCTAJJIOB
LLeOoJInTa, comepXxammx CTPYKTYPUPYIIOMMUN areHT, MOXeT OBITE
OCYIEeCTBJIEHO MNPOIYBKOM  KMCJOPOICOIepXalluMu M/UIV  MHEPTHHEMU
razaMy, I[IpPpelloUuTUTEeJIEHO I'alaMy, TakyMy, Kak KUCJIoOpoL, asoT,
BOBOYX, cyxom  w/vam nexapOOHM3UPOBAHHHM BO3IOYX, BO3OYX,
OBemHEeHHEM KMUCJIOPOIOM ¥ B CJiyyae HeOoOXOIMMOCTM CyxOou u/wuiau
IexKapOOHM3UPOBAHHEY, TIPM OIHOWM MM HEeCKOJBKMX TeMlIepaTypax,
npeBwmanmrx 150°C, kak IpaBuJlo B MHTepBajse orT 180 mo 800°C,
NpenrnouTuTeJIbHO B uHTepBaje orT 200 mo 650°C, B TeueHHUe
HeCKOJIBKMX YacoB, HalpyMep, B MHTepBajle OT 2 OO 6 dYacoB.
[Ipypona ras30B, Y4YaCTKM [IOoObeMa TeMIlepaTyph M IOCJelyrliie ILJIaTo
TeMIlepaTypPEHL, UX  OJUTEJIBHOCTE  OOJDKHEL OHTH  amalTUPOBaHEL B
3aBUCHMOCTHM OT IIPUPONE CTPYKTYypHMPYKILero al'eHTa.

[0052] 3a pPaMKu HacToOAmeIo n300peTeHnd He BEIXOIOUT
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OCymeCTBJIEHNE OIOHOTO VI HECKOJIbKUX KaTVMOHHEBIX OBMEHOB
(HammprMep, OIHOM VI HEeCKOJIbKVMU COJIAMM  MEJIOUHEBIX VI
meJIOYHO 3eMeJIb HEIX MeTaJlJIOB) rnepen cranuen CYIKU n/Uim

OpokaJmMBaHuAg (cTammuda f) WM [ocje Hee) TPaIMUMOHHEIMM CIIOCOOaMM
KaTHMOHHOTO OOMeHa.

[0053] Kak OBLJIO yKaszsaHoO paHee, crioco® CHMHTe3a infe)
HacToAmeMy M300peTeHMi ABJISeTCd JIETKOOCYMEeCTBUMEM M pPeajiM3yeMbM
B TeueHME OTHOCUTEJILHO KOPOTKOI'O BpeMeHM, B YacCTHOCTHM, B
TeueHMe BPEeMeHM, MeHLIIeTo 10 MeHbIelM Mepe B 4 pas3a [0 CPaBHEHU
co crnocobBamm cCcuHMHTe3a <ZPH, KOTOpHEe M3BECTHH Ha IIpedueCTBYKIEM
YPOBHE TEXHUKU M H[BJAKRTCA OUeHb IMIPONOJIKMTEJIbLHEMM, HalIpuMep, IO
IpUurHe MHIMOMPYIIEeIo IeVCTBUI CTRYKTYPpUMPpYIIMeI'o oplaHoCKJlaHa Ha
oBpa30oBaHuE 3apoOuImen u pPOoCT LIeOJIMTOBOM ceTM  MMKPOIIOpP.
CoBepleHHO HeOXMOaHHO OBJIO HalOeHO, UYTO MHIUOUpyKIee IelCTBUE
CTPYKTYPUPYKRIIETO areHTa (HanpuMep, TPOAC) KOMIIEHCUPYEeTCH
Biaronapsa NPUCYTCTBUEK 3apompleofpasyrlero arleHTa.

[0054] OmHako B IaHHOM CJlIyyae IIpOCTOTa M OBCTpOTa CHUHTES3A
He BpeIaT KauecTBY ¥ CBOMCTBAaM IEOJIMTOB, IIOJIYUEHHHX TaKuUM
oBpa3oM. Ha npakKTukKe, fiaronaps Criocoty 1o HacTo4leMy
N300pEeTeHUd MOXHO YBEeJIMUUTEL CeJIEKTUMBHOCTL CHMHTe3a B CTOPOHY
YMCTOW LEeOJUTOBOM CTPYKTYPH (C CcoIepXaHMeM MeHbIle 2% Macc.
ONOHOV WMJIM HECKOJBbKUX IPYTHUX SBarpA3HARIMUX KPUCTaJIJIMUeCcKUx ¢as) u
MaKCUMU3UPOBATL COOTHOmEHMe [00heM MUKPOIIOP/BHEMHIS IOBEPXHOCTH
Mes30omnop] mJjg 3alaHHOM BHeEMHeM I[IOBepPXHOCTHM, UYTO HEBO3MOXHO B
cllydyae CrIoocof0oB, WM3BECTHHEX Ha INIPpedlleCTBYKIEM YPOBHE TEeXHUKU
(cM. HanpmMmep, paboTH Y. Meng (cMm. TaM Xe), M3 KOTOPHX CJenOyeT,
UTO YBEJIMUYEHMEe COoIepXaHMsa CTPYKTypHMpyKImero aTl'eHTa, KOoTopoe
OOJIXKHO BHBHBATL YyBeJMUeHMe oObeMa Mes3OIIop, IeMcTBYyeT TaKXe Ha
M3MeHeHMe CKOPOCTM pocTa ILeoJIMTOBOM CeTM, BH3HBawIee, TaKUM
oBpa30oM, TIOABJEeHME IOPYIUX KPUCTAJJIMUeCKMX IIeOJIMTOBEX ¢as U,
cyemoBaTeJIbHO, ofOpa3oBaHMe CcMecey I1LeOJIMTOBEX CTPYKTYPR, YTO
ABJISETCSH HEeXeJlaTeJIbHEM) .

[0055] Ha mnpakTMke, B CcJydae CIoCODOB IIPeNeCTBYRIETO
YPOBHA TEeXHUKUM YBeJIMUeHMe OOBeMa MMKPOIIOP LIeOJIMTa M COXPaHeHMe
BHICOKOM  UMCTOTH  Ga3h OOCTUTaeTCHd TOJIBKO 3a cueT OUeHb

IIPOOOJIXMTEJIEHOT'O BPEMeHM KprcTaJlJilM3auvi M OTHOCUTEJIBHO HUMI3KUX
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TeMIlepaTyp (<80°C). TeM He MeHee, B cJydae »BTUX CIOCOBOB
HMKOT'Za He OOoCTUTanTCsd OOBEME MUKPOIIOP, CPaBHUMHE C oOOBeMaMM II0
HacToAleMYy M300peTeHM.

[0056] Taxkmm o6pas3oM, I[IO CpaBHEHUI C IpyI'UMU ClIocofamu
nojyuenus 2ZPH, Hamnopumep, OOMNOJIHUTEJLHOM o00padoTkoM, crnocod 1o
HacTodmeMy KM300peTeHuo [ABJISAeTCAa 0oJiee IIPOU3BOOMUTEJIBHEIM UM MeHee
OOPOTOCTOAMMM, IIOCKOJIBKY €TI0 OCYMEeCTBJST TOJIBKO 3a OIHY CTaIMio
OTHOCUTEJILHO KOPOTKOM MNPONOJIKMTEJILHOCTHM (MeHbIle UueM 3a CYTKM) C
MaJItHIM KOJMUEeCTBOM CTPYKTypMPpyKIeIo al'eHTa M, CJeOoBaTeJIbHO, B
1IeJIOM C OTHOCUTEJIbHO HUB3KOM CTOMMOCTLI0 MJIM II0 MeHbIlel Mepe C
OTPaHMUEeHHEIM YIOPOXaHMeM I[10 CPaBHEHMIK CO CTOMMOCTBIK CHHTES3A
HEME3O0IIOPUCTOTO eoJnTa u 3HAUMUTEJBHO MeHBbIIe CTOVMMOCTH,
o0ycJlaBIMBaeMoM criocobamm CHUHTe3a ZPH C OOIIOJIHUT eJIbLHOM
06paboTKOM.

[0057] IIpuMeHeHMe ILEOJUTOB C 3alaHHOM NOPUCTOCTLI SABJISETCH
ocoBeHHO BEIT'O THEIM B TP OMBHBIIIIE HHEIX crocobax, TaKMX, Kak
amcopbund, MOHOOOMEH, pasnoeisieHue, " Takxe MOXeT OHTH
OpenyCMOTPEeHO B JIOOBEIX 00JlacTAX TeXHUKH, B KOTOPHEX OOBUYHO
VICIIOJIE 3YIT HEME3OIIOPUCTEE LEOJIMTH .

[0058] Iajsiee HacToOdllee M300pPEeTEeHMe IIOSACHAETCHA IIpUMepaMy,
[IpMBEeOEeHHEIMM »Oajilee 0e3 KaKoTo-JiMbO HaMepeHMSa OTPaHUUUTEL pPasHHE
BapMaHTH OCYIEeCTBJIEHUS HaCTOAWEI0 M300peTeHUd.

[0059] B mnpuBeIeHHEX pmaJjiee IIpuMepax O(U3MUEeCKMe CBOWCTBAa
KpUCTAaJIJIOB LeoJnTa OlleHEeHE! crocobamu, KOTOPHE M3BECTHE
crieumaJMcTaM B IaHHOM o0B0JlacTM TeXHMKM WM OCHOBHEE M3 KOTOPHX
IIPMBeIeHH Iajlee B IMIOopAldKe HallOMMHAaHMA.

IHoTepu rocJje HpOKaJIMBaAHUSI KPUCTAJIJIOB LEeOJIUTAa

[0060] [MoTepu nocye IpoKaJIMBaHM A ONpelesianT B
OKUCJIMTEJIEHOM aTMochepe TpoKaJMBaHMeM of0paslla Ha BO3OyxXe IIpH
TeMrneparype 950+25°C COOTBETCTBEHHO ONMCaHUMI cTaHmapTa NF EN
196-2 (ammpesie 2006 roma). CpelHee KBapaTHMUHOEe OTKJIOHEHUE
onpelleJleHNMd cocTaBJgeT MeHbme 0,1%.

O6reM 1o IyOuHMUHY-PanylIKeBUUY

[0061] OBwem mno [yOMHMHY-PalylIKeBMUUY OINPEeneJISiT MCXOOS U3
oIpelleJIeHVMd M30TEepMH amcopbuumu TIras3a, TakKoI'o, KakK a30T WK

apr'oH, IIpM e€I'0 TeMllepaType CXMXEeHNMA, B 3aBUCHMMOCTM OT OTBepCTUA
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IOp LeOJIMTOBOM CTPYKTYPH: CcJledyeT BHOMPATh apTlOH WM as0T B
ciayyae LTA (npenpapUTeJIbHO C OOMEHOM Ha I[IPOTUMBOMOHH KaJlbLVA,
COOTBETCTBEHHO oIMcaHHOMY Breck, cm. Tam xe, Tabmuua 5.7, cCTp.
428) m aszoT B cJaydae FAU. o amcopbUuuM LEOJMTOBHNM aICOopOeHT
ocBOOOXOAaKT OT TIa30B IIpM TeMlIepaType B MHTepBajie oT 300 zmo
450°C B TeueHMe IMPOMEXYTKa BpeMeHM oT 9 mo 16 yacoB B BakKyyMe
(P<6,7‘10"4 la) . 3aTeM M30TEepPMH alcopbOLUMM OIpemesidioT Ha Opubope
Tuna "ASAP 2020" xomnaHuy "Micromeritics" mo MeHbmel Mepe B 35
TOUKaAX WM3MEpeHMsS OTHOCHUTEJIBHOTO IaBJIEHMS B BUIOE COOTHOIMEHUS
P/Py B wuHTepBajie oT 0,002 pmo 1. OObeM MHUMKPOIIOP OIpemesigioT
comJlacHo [yOMHUMHY-PaOymKeBUUY MUCXOOS W3 IIOJYUEHHOM M30TEePME
COOTBETCTBEHHO CTaHmapTy 1350 15901-3 (2007). OOBeM MUKPOIIOP,
OlleHeHHHM I[I0 YpaBHeHMIO [OyOuHMHa-PaIymKeBUYa, BHpaxalnT B oM’
XMIOIKOTO ancopbaTa Ha I'paMM 1eoJMTa. I[lOTpemHOCTh: OlIpelesIeHus
1

cocTapJjsgeT 0,003 oM’ Tt

Pasmep m crTpykTypa KpucTajuJgioB (MEB)

[0062] OlLeHKY CpPelHEUMCJIOBOTC OMaMeTpa KPpUCTAaJIJIOB ILIeoJIuTa
OCYyWmeCTBJIALT, Kak OBJIO YyKa3aHO paHee, IO HabIoOOeHUI ORI
CKaHVPYKIVM 3JIeKTPOHHEM MUKPOCKOIIOM.

[0063] A OLEeHKM pasMepOoB KPMUCTAJIJIOB LeoJiMTa B obpa3lax
IIOJIy4alT COBOKYIIHOCTL pPeHTIeHOTPaMM C YBeJIMUeHMeM II0 MeHLbIeln
Mepe B 5000 pas. BaTeM onpenesifoT OMaMeTp IO MeHbmer Mepe 200
KPpUCTAJIJIOB IIOCpenCcTBOM crelmaJbHOM IPOTPaMMEH, HaIlpuMep,
nmocpencTBoM IporpaMMmel "Smile View", pa3spad®oTaHHOM KOMIlaHMEM
"LoGraMi". TOYHOCTB COCTAaBJIAET OKOJO 3%.

[0064] CTPpYKTYPY KPUCTAJIJIOB OIpenesanT ncxong nu3
boTorpadmurt MEB, BHIIOJHEHHHX C YBeJMUYeHMeM, alalTUPOBAHHEM K
pasMepaM KpPpUCTAaJJIOB.

OnpernejeHne BHEmMHE! INOBEPXHOCTM Mesomnop (M2 -r 1) cmnocoboum

"t—plot "

[0065] B cniocoBe pacuera "t-plot" wmcCHoaep3yowT 3HaAUEHUA
U30TEepME  ajcopd®umm  Q.qs=f (P/Py), UTO IIO3BOJIAET PaCCUMTHBATH
IIOBEPXHOCTD MUKPOTIIOP . MoXHO omnIpeneInThb 3HaueHre BHeMHeN
IIOBEPXHOCTM Me30IIop, BHUMCIAA PAa3HOCTE C IIOBEepXHOCTHLI BET,

2. -1

KOoTOpada oripenejideT leleliin%:e) ITIOBEPXHOCTB I10P B M T

(SBET:Smicrop.+Sext. mesop.) .
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[0066] [ima pacueTa IIOBEPXHOCTHM MHUKpPOINOP crnocotom "t-plot”
CTPOAT KPUBYD Qags (CM’-T ?) B BaBUCHMMOCTM OT TOJIMHE cCJod t,
3aBUCANEY OT MNapUMaJIbHOTO mHaBJjieHus P/Py, KoTopoe 00pa30BHBAJIOCH
OB Ha CpPaBHUTEJILHOM HEIOPMCTOM TBEPIOM BemecTBe (L mpencTarBjgeT
cobom QyHKUMBO OoT log P/Py, ©OpM BTOM MUCIHOJL3YOT YpaBHeHUe
XapkuHca u [Ixypb (cTaHmapT IS0 15901-3:2007)):

[13,99/(0,034-1log (P/Po))%°],

roe B umHTepBaJe t or 0,35 mo 0,5 HM MOXHO MPOBECTHM NPAMYyI,
onpemelyidlmyld HadaJIbHYK OpIMHATY aIncopOMpoBaHHOM Q, KoOTopas
IO3BOJIAET paccumTaTh IIOBEPXHOCTH MUKPOTIOP ; ecnu TBepmoe

BemeCTBO He ABJIA€eTCA MUKPOIIOPMCTEM, TO IIpAMaAd IIPpOXOINMT dJepes 0.

Habjronenmue CTPYKTYPER Me30I0p HIpOoCBeUMBalIeld SJAeKTPOHHOM

MUKPOCKOIUEN

[0067] IlopomoOK IUCIEPTURYIT B 2TaHOJe B TedueHMe 1 MMHYTH
YJIBTpa3BykOM. Kalumw pacTBOpa HAHOCAT Ha pelleTKy MMKPOCKOIla.
[IpoBe @maoT BHCOXHYTH IIPM KOMHATHOWM TeMlepaType. HabGionmeHue
OCYWEeCTBJIAT OO [IPOCBeUMBAKIMM 3JIEKTPOHHEM MHUKPOCKOIOM (CM 200
FEI) npu Hanpaxenunm 120 xB.

[0068] IlojyuyeHHOe yBeJmueHMe B 220 000 paszs (cm. our. 1b)
[I0O3BOJIAET OTOOPasUTh HaJIMUMe Me30I0Op M OLEHUTH MX OUaMeTpPH.

OnpernejleHne aTOMHOI'O COOTHOmeHus Si/Al I[eoJIMTOB CIOCOBOM

PEeHTIeHOBCKOM (JIyopeClieHIInN

[0069] DJeMeHTHHM XMMUUeCKMUM aHaJiM3 lLeoJMTa C 3alaHHOM
[IOPUCTOCTBI MOXeT OHTb OCYHMEeCTBJIEH pPAas3JIMUHEMU aHaJUTU4YeCKUMU
crnocoBaMr, M3BECTHHMM ClIelMalIucTaM B »aHHOM o0BJlacTu TexXHUKU.
Cpell BTHUX CIOCOOOB MOXHO HAa3BaThb CIIOCOD XMMMUECKOI'O aHajM3a IO
PEHTTEeHOBCKOM QJyOopecleHUIM COTJIaCHO OIMCaHmui cTaHmapTa NF EN
ISO 12677:2011 Ha IOUCIHEePCHMOHHOM CIIEKTPOMETpe II0 IJIMHEe BOJIHEL
(WDXRF), Hanpumep, Ha oOpubtope "Tiger S8" xomnaHum "Bruker".

[0070] Croco® pPeHTIeHOBCKOM (QJIyopecleHIMM IIPpeOCTaBJISgeT
coboM crnoco® HepaszpymaKmeTo CIOeKTpaJlbHOTO aHajlM3a, B KOTOPOM
WCIIOJIE3YyeTCd QOTOJIOMMHECLIEHLMA aTOMOB B OMallal30He PEeHTIeHOBCKMX
Jyden, -OJiS YCTaHOBJIEHMSA SJIeMEeHTHOT'O COCTakBa HIpoOH. Boz3OyxmeHHUe
aTOMOB B obmeM  cJyydae [IyUKOM  PEHTI'EeHOBCKUX Jyderm WK
BoMOaApPIMPOBKOM BJIEKTPOHaAMM IIOPOXIaeT CHeludpruecKre WU3JIYyUYeHUS

1o cjie BO3BpPalleHN A aToOMOB B OCHOBHOE COCTOAHNME . CriexkTp
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PEHTTEeHOBCKOM (QJIyopecleHlM UuMeeT IIPpeMMyllecTBO, COCTodlee B
OUeHb MaJIoO¥ B3aBUCUMOCTM OT XMMUUECKOW KOMOMHALIMM SJIEMEHTORB, UTO
[I0O3BOJIAET OOHOBPEMEHHO OCYMEeCTBJATE TOUHOE KOJMUEeCTBEHHOEe U
KaueCcTBeHHOe omnpeneyieHue . OBBIUHO rmocje TpalyUpPOBaHUA
[IOTPEMHOCTEL OIpeneslIeHMsa KaXIoI'o OKCuIa cocTapbjisgeT MeHbme 0,4%
Macc.

[0071] STU 3JIeMeHTHHEe XVYMUUeCKMe aHaJIM3EbL IIO3BOJIAIT
IpOBEepPAThH aToMHOE COOTHOIEeHM e Si/Al leoJmTa, npu 3TOM
[IOTPEHOCTEL OIpenesieHMsS aTOMHOTO COOTHomeHra Si/Al cocTaBider
+5%.

KauecTBeHHEIM M KOJIMUYECTBEHHBI peHTl”eHOCHeKTpaﬂbHBIﬁ aHaJins

[0072] 3ToT aHaJm3 [IO3BOJISAET UOEeHTUOUIINPOBATE
KpUcCTaJlIMuecKre (¢as3e, CoIepXalMecs B aHaJIM3VMPYEMOM TBEPIOM
BEMeCTBE, MMOCKOJIBKY  KaxXnoasd M3 LeOJIMTOBEX CTPYKTYP  MWMEeeT
YHUKAaJbHY oMppakKToOTrpaMMy (nam IdpPaKIVOHHEIM CIIEKTP) ,
omnpeneJjleHHHM PacCIIOJIOXEHVEM IMPPaKIMOHHEX IMKOB u nx
OTHOCUTEJILHOM BeJIMUMHOMN.

[0073] KpucTallJlel LeoJMTa pacHpeleIsioT M pas3lJlaXuBamoT Ha
[IONJIOXKe—o0Opaslle I[IPOCTEIM MeXaHMUEeCKMM CXaTHeM. YCJOBUA 3alluCU
oudpakTOoTrpaMM, IoJydaeMelx Ha nopubtope "D5000 Bruker", npuBeneHE
najee:

* TpyOka Cu, mucnoab3yemMasda npu 40 xB m 30 MA;

. pasmMep meJien (pacxomamasacHd, onddy3MOHHA A u
aHaJIuTuueckas)=0, 6 MMm;

* dunbTp: Ni;

* YCTPOMCTBO BpalleHuUd NpodH: 15 06 ‘MuH ;

s IOManasoH M3MepeHui: 3°<20<50°;

e mar: 0,02°;

* BpeMsd IOIACUYEeTa MMIIYJIBCOB 3a mar: 2 CeKyHIH.

[0074] VHTepnpeTalMi I[IOJYYEHHOTO IMOPaAKIMOHHOTO CIeKTpa
(M Du@PaKTOTPaMMEL) OCYIMECTRBJART IIOCPEOCTBOM IIpoTrpaMMel EVA C
noeHTUOUKaLMe ¢pas Cc noMombilo 6aswl ICDD PDF-2, BrHOoyck 2011 roma,
UTO IIO3BOJISET BHSABJATE IIOJIHOCTBKD KPUCTAJJIMUECKYKL (aszy.

[0075] KoamMuecTBO LEOJMTOBRHX Opakliui X oNpenesigsioT aHaJM30M
PCA. D3TOoT aHalM3 OCYIEeCTBJIAKT Ha Ipubope wMapkm "Bruker", a

3aTeM IocpencTBoM IporpamMMel TOPAS komnaHuu "Bruker" olleHMBaKOT
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KOJIMUECTBO LEOJMTOBHX Gpakumi X.

[Ipumep 1

CuHTes XPH ¢ npmuOaBijieHMeM 3apobplieofpasynlero Tejid U
OCHOBHOTO TeJia IIpu cooTHomeHur TPOAC/Al,03=0,04

(abbpeBUaTypa XPH YKas3eBaeT Ha LLEOJIUT c 3aJaHHOM
nopmcTocTei (ZPH) Tuna X)

a) lloJlydeHre OCHOBHOTO Te&JiId B peaKTOope C IIepeMellMBaHNeEM
mHekoM Ipu 300 06 ‘MuH

[0076] B peakTope M3 HepXaBewmeM CTallM BMECTHMMOCTBI 3 I,
cHa®xeHHOM Tpelmel pyOamKkoy, ITaTuMKOM TeMIepaTypH U MemMaJKou,
IoJIydalnT OCHOBHOM Tejlb, CMelMBasg pacTBOp aJlloMMHaTa, CcoIepXaluin
119 1 r1upgpokcuma HaTpusa (NaOH), 128 1 7TpurumpaTa OKCHIa
amoMyuansg  (Al,03-3H0, comepxamero 65,2% mMmacc. AlyO03) m 195,5 1
BOOH Npy 25°C B TeueHMe 25 MMHYT CO CKOPOCTLI HepeMemmBaHmsa 300
06 ‘MMH ©  C pacTBOpPOM CHMIMKaTa, comepxamyMm 565,3 1T cuimkarTa
HaTpusg, 55,3 © NaOH m 1997,5 1 Bomum mpu 25°C.

[0077] CTexroMeTpUUeCKHue COOTHOIIEHMA OCHOBHOTO reJd
npuBeneHH majee: 3,48 Na,0/Al,03/3,07 Si0,/180 H,O0. I'oMOTeHM3alMo
OCHOBHOTO TeJid OCYWEeCTBJART IIepeMemrBaHueM npu 300 06 ‘MMH © B
TeueHre 25 mMmHyT npu 25°C.

b) IpubabjieHMe 3apOoObINeodpasyrmero IreJjd

[0078] K ocHOBHOMY Tejio npu 25°C u nepememmBaHum npu 300
1

o0 ‘MUH npubaBjasgoT 61,2 T Baponpmeocbpasyomero rejada (mam 2%
Macc.) ¢ cocTraBoM 12 Na,0/Al,03/10 Si0,/180 H,0, M[IOJYUYEHHOTO

aHaJIOT'MYHEIM O6paSOM, UTO M OCHOBHOM r'eJlIb, M CMeCH »OaKnT 3peThb B

Teuenre 1 uyaca npm 40°C. Iocse roMoTeHmzaumm npu 300 06 ‘MMH T B

TeueHVe 5 MMHYT CKOPOCTBL IlepeMellMBaHusa yMeHbmawnT no 100 06 ‘MMH
M OpOOOJIXaKT IlepeMellMBaThk B TedeHMe 30 MUHYT.
C) BeBemeHMe B peakUMOHHYK CMECh CTPYKTYypPUMPYKIEI'O al'eHTa
[0079] B peaklMOHHYK CMeChb BHocaT 27,3 1 60%-T70 pacTBOpa
TPOAC B wMeTaHoJie (MeOH) mnpu IepeMellMBaHMM CO CKOpocTwei 300
06 *MMH * (MoJIgpHOE COOTHOIIEHNE TPOAC/Al1,05=0,04) . CTanuio
Cco3peBaHMsa OCymecTBJST npu 25°C B TeuenHume 1 waca mpu 300

1

o0 *MMH rnepen MHMLMauMen Kprucrajllimsalln .

d) Kpucramamsaums

[0080] CkopocTr IepeMellMBaHMA CHMXawonT npo 50 06 MMH * U
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TeMIIepaTypy B TIpelmel pydallke peakKTopa YCTaHaBJIMBALT pPaBHOM
80°C mijg TOTO, UTOOH PEeakKLUMOHHYID CMeCh HaIrpeTh OO TeMIepaTypH
75°C B Teuenme 80 MuHyT. I[lOCJIe BHIOEPXUBAHUA B TedueHMe 22 UYaCOB
npr 75°C peakKLUMOHHYID CMeChb OXJIakmalT, LUPKYJIUPYS XOJOIOHYK BOLY
Uepes I'penmyl pyfallky, IJS OCTAHOBKM KPUCTAJIIM3aLUN.

e) OuIbLTpOBaHMe/IPOMEIBKA

[0081] Tmepnee BemecTBa OTIEJIART uUepes QOUILTP M3 IOPUCTOTO
CTekJla M 3aTeM I[IPOMHBAKT YMAITUEeHHOM BOOOM OO HeMTPpaJlbHOTO
3HaueHuda pH.

f) Cymka/mnpoxkalMBaHMue

[0082] Oiia  ompemesieHMA - XapaKTepUCTUK  IIPOOYKTa CYWKY
OCYHNECTBJIANT B CYIMJILHOM mkady npm 90°C B TeueHMe 8 UaCOB, IIPHU
DTOM IIOTEPM IIOCJIE MIPOKaJMBaHMA CYXOT'O IIPOIOYKTa COCTaBJIART 23%
Macc.

[0083] [MpokaJvBaHme CYXOTO nponykTa, Heobxomumoe  OJIA
OODHOBPEMEHHOTO OCBOOOXIEeHMS MUKpPONIop (OoT BOOE) M Me30Iop 3a
cueT yIoaJIeHUnSd CTPYKTYPUPYKIIET O areHTa, OCYIECTBJISART co
CJIENyIMM TeMIIEPaTYPHEM HpoduiieM: B TedeHMe 30 MMHYT I[OOBEM OO
200°C, sareM B TeueHMe 1 uyaca mwiaTo npm 200°C, majlee B TeueHHe
3 wacor nombeM mno 550°C m, HakoHell, B TedeHue 1,5 uyaca ImwiIaTo
npu 550°C.

[0084] Taxkumm obpas3oMm, noaydanT 255 T TBepHOI'O BelecTBa,
SKBMBAJIEHTHOTO ©0e3BOOHOMYy LeoJiMTy XPH, UTO COOTBETCTBYET BEHXOIY
99% wMOJI. B pacueTe Ha MCIOJB30BaHHOE KOJMUECTBO aJIOMMHMUA.
CoorTHomeHnre Si/Al B ZPH, omOpenejleHHOe CIOCOOOM PEeHTIeHOBCKOM
dpayopecueHumm, paBHO 1,24.

[Ipumep 2

CuHTes XPH ¢ npubaBJIeHMeM 3apolelieopasynlero Tejid U
OCHOBHOTO TeJId Ipu cooTHomeHuu TPOAC/Al,03=0,02

[0085] [HOelcTBRYIT COOTBETCTBEHHO ONMCAaHMI IIpuMepa 1 IIpH
MOJISPHOM cooTHomeHur TPOAC/Al,0;, paBuoM 0,02. IojgyuaiooT 255 T
TBEPOOTO BelleCTBa, DHBKBUBAJIEHTHOTO 0Oe3BOOHOMY LieosiuTy XPH, uTo
COOTBETCTBYyeT BHxOOY 99% MOJI. B pacCueTe Ha MCIOJIb30BaHHOE
KOJIMYECTBO AaJIOMMHUA . CoorHomeHnue Si/Al B ZPH, onpeneJjyieHHOe

criocoboM PEeHTIeHOBCKOM (JyopeclieHUMM, paBHO 1,24.
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[Ipumep 3

CuHTes XPH ¢ nOpmuOaBiieHMeM 3apobelieofpasynlero Tejid U
OCHOBHOTO TeJIgd Ipu cooTHomeHuu TPOAC/Al,03;=0,08

[0086] [HOelcTBYIT COOTBETCTBEHHO OIMCaHMI IIpuMepa 1 [Opu
MOJISPHOM cooTHomeHun TPOAC/Al,03, paBHOoM 0,08. IojgydaioT 255 T
TBEepPOOT'O BelleCTBa, HSKBMBAJIEHTHOTO O6e3BOOHOMY LeosuTy XPH, uTO
COOTBETCTBYyeT BHxOOYy 99% MoOJI. B pacueTe Ha MCIOJb30BaHHOE
KOJIMUECTBO aJIIOMUHMSA . CooTHomeHre Si/Al B ZPH, onpeneJiIeHHOe
criocofoM PEeHTIeHOBCKOM (JyopeclieHUMM, paBHO 1,24.

[Ipumep 4

CuuTes XPH ¢ npubaBJIeHMEM KPUCTAJIJIOB LEeoJIMTa M OCHOBHOTO
TeJig Opu cooTHomeHur TPOAC/Al,03=0, 04

[0087] [HOelCcTBYIT COOTBETCTBEHHO ONMCaHMI TIIpuMepa 1 1Ipu
MOJISPHOM COOTHoOmeHMnu TPOAC/Al,0s;, paBumoMm 0,04, mnOpu STOM Ha
crTamuy b) Baponmmeodpas’ylmMil TelJib 3aMeHAIT BBeIeHMeM 1% Macc.
(mo oTHOmeHMI K OOmey Macce OCHOBHOTO T'eJid) KPUCTAJJIOB LeoJMTa
X (KpuCTaJJIELT CO CpelHeOoOBEeMHEM IOMaMeTpoM okoJio 0,8 MKM,
[IOJIYYEHHEE COOTBETCTBEHHO OIMCaHMIK IIpuMepa b) cuHTe3a B WO
2014/090771). ToayuawoT 254 T TBepmoro BemecTBa, obJlagapmero
TaKMMM Xe XapaKTepUCTHKaMM, UYTO UM XapaKTepUCTUMKM, IIOJIyUYeHHEe
0JII TBepIOoI'0 BelleCTBa IpuMmepa 1.

CpaBHEeHME XapPaKTepPUCTUK IIOPOMKOB LeoJuTa X C BaJaHHOU’

IIOPMCTOCTBIO, CUHTE3MPOBAHHEX B INpuMepax 1, 2 u 3

[0088] PesyJybTaTH OIpemelIeHUSA XapaKTepUCTUK LeOJIMTOB C
3adaHHOM IIOPUCTOCTLI0 IIpelcTaBJieHb B Tabjauie 1 IO CPaBHEHUIO CO
CpaBHUTEJIbHEM 1e0JIMTOM X, Siliporite® AP, KOTOPHM peau3yeTcsd
kKoMmnaHmuer CECA M cpeldHMM pas3Mep KPUCTaJIJIOB KOTOPOI'O COCTaBJIAET
1,5 MKM.

[0089] XapaKTepHMCTUKM T[IOPUCTOCTU (O0OBEM MUMKPOIIOP, BHEMHSIA
[IOBEPXHOCTH Me30TII0op, pacrnpenesieHe pPasMepoB Me30IIop)
PACCUMTHBAKRT MCXOOA W3 OIPeleJIEHHHX I[IPpM TeMIIepaType XUIKOT'O
as0Ta M30TepM amcopdummu/IecopbluM as30oTa IIOPOolKa, IpelBapUTeJIbHO
IerasmMpoBaHHOTO B BakyyMe mnpu 300°C. OmnpemesieHMs OCYIECTBJIISOT
Ha npubope "ASAP 2020" xomnaHum "Micromeritics”.

[0090] O0BeM MUKPOIIOP (em® -1 h) PacCUMTEBAKLT  COIVIACHO

Teopur OyOMHMHa-PaIymKeBMUUYa. BHEMHOL IIOBEPXHOCTH MEe30IIop (M%7~
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h pPacCuuMTHBaKRT MCXonod w3 wMomesm "t-plot". PacrnpeneJjieHue
pa3MepoB Me30II0p PacCuMTHBakT crnocodom "Density Functional
Theory" (DFT, Teopusda QyHKLIMOHAJIA [IJIOTHOCTH) C MOIeJIbI

UMJIMHIPUYECKMUX II0P.

[0091] Indparums PEHTI€HOBCKMX Jyuen IIO3BOJISET
UISHTUOUUIMPOBATE KPpUCTAJJIMUeCKMe (ase, MMeolMecsd B I[IOPOIKe,
UCXOOd M3 CPaABHUTEJILHHX CIEeKTPOB (MJIM IMpaKTOoIpaMM) pPasHHX
LIEeOJIMTOBEIX CTPYKTYP UM  OINPemeliiTbh YPOBEHb KPUCTaJIJIMUHOCTU
TBEePIOHX BEMEeCTB B 33aBUCHMMOCTM OT BeJIMUMHH IIMKOB.

[0092] Ha o¢ur. la wm 1b 1nokas3aHH peHTI'eHOT'paMMmel MET
CPpaBHUTEJIBHOTO I1eoJUTa (pur. la) ™m UeoJIMTa IO HaCTOAIeMYy
nzobpereHun npumepa 1 (pur. 1b), a Ha ¢ur. 2 OpelcTaBJIeHH UX
oBBeMH TIOp (0OOBEeM MHUKPOIOPR M o0O0BEeM ME30II0p) B 3aBUCHUMOCTU OT
pasMepa 1op. OOBeM TIIOp OIpPelesidrnT, Kak OBJIO YyKas3aHO paHee
(Mcxoma ©3 M30TepM ancopdluMM as0Ta COOTBETCTBEHHO OIMCaHMUI
paHee TIIPMBEOEeHHOM TexHoJoTMUYeckow uactu "06weM 10 IOyOMHUHY-
PanymkeBuuy") .

CpaBHUTEJILHEM nOpumep 1

CuHTes KPUCTAJIJIOB LeoJInTa Bes npudaBJieHU A
saponrmeofpasymero rejsg npu TPOAC/Al,03=0,04

1) TIlojlydeHMe OCHOBHOTO TeJii B pPeaKTope C IepeMellMBaHUEM
mHexoM mpy 300 06 -MMH

[0093] B peakTope M3 HepxaBewmeM CcTaJllM BMECTHMMOCTBI 3 JI,
cHa®xeHHOM Tpelmel pyOamKoy, ITaTuMKOM TeMIepaTyps U MemaJKou,
IoJIydalnT OCHOBHOM Tejlb, CMelMVBasd pacTBOp aJlloMMHAaTa, CcoIepXaluin
119 1 r1upgpokcuma HaTpusa (NaOH), 128 1 7TpurumpaTa OKCHUIa
amoMuuausg  (Al,03 -3H,0, comepxamero 65,2% mMmacc. Al;O03) m 195,5 1
BOIOH Npy 25°C B TeueHre 25 MMHYT CO CKOPOCTLI HepeMemmBaHmsa 300
06 ‘MMH *  C pacTBOpPOM CHMIMKaTa, comepxamuMm 565,3 1© cuiamkarTa
HaTpusa, 55,3 © NaOH m 1997,5 1 BOomum mpu 25°C.

[0094] CTexmMoMeTpUUeCKue COOTHOIEHMA OCHOBHOTO reJda
npuBeneHH majee: 3,48 Na,0/Al,03/3,07 Si0,/180 H,0. I'oMOTeHMS3alMo
OCHOBHOTO TeJid OCYWEeCTBJART IepeMeliBaHueM npu 300 06 ‘MMH © B
TeueHre 25 mMmHyT npu 25°C.

2) BBeIeHMe B PeaKIMOHHYID CMECh CTPYKTYPUMPYRIEeIOo areHTa

[0095] B peakUMOHHYK CMeCb BHocAaT 27,3 1 60%-170 pacTBoOpa
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TPOAC B MeOH mnOpu I[epeMellMBaHMM CO CKopocTei 300 06 ‘MuH

(MoJIgIpHOEe cooTHomeHue TPOAC/Al1,0:=0,04). Ilocjie TOMOTEeHM3AlUMU B
TedyeHMe 5 MMHYT CKOPOCTB IIepeMellMBaHusg CHMmXawonT 1o 50 06 ‘MUH .
3) Crammda Cco3peBaHUA
[0096] PeakUMOHHYK CMECH BHIEPXMBAKT IIPpKY IIepeMelMBaHUM CO

! mpu 25°C B TeueHMe 22 UYacCOB M 3aTeM

ckopocTrio 50 00 ‘MMH
VHULUUPYIOT KPUCTaJJIMU3aLMo.

d) Kpucranauzaums

[0097] CKOpPOCTHL IIepeMemMBaHMUA IHOoOOepXMBalT paBHOM 50
06 ‘MMH ' UM TeMIepaTypy B I'pellel pydallke peaKTopa yCTaHaBJIMBAOT
paBHoi 80°C mOJjg TOro, UTOOH pPeaKLUMOHHYI CMeCh HarpeThb IO
TemrnepaTypel 75°C B TeueHme 80 wMmHyT. Ilocjie BHIOEPXUBAHUA B
TeueHne 72 yacoB npu 75°C  peaKLMOHHY CMeChb oxXJlaXxIawnT,
LUVPKYJIMPY S XOJIOODHYK BOLY Uepes Ipenlyln pyfallky, OJS OCTaHOBKU
KpUCTaJIIN3alu.

5) OuabTpoBaHUe/IPOMEBKA

[0098] TmepnObe BellecTBa OTOEJIAKRT UYepes QUIBTP M3 IOPUCTOTO
CTekJla ¥ 3aTeM I[IPOMHBAKT YMATUEHHOM BOIOM OO HeMWTpaJIbHOTO
S3HadveHusa pH.

6) Cymka/npokajMBaHue

[0099] IOia omopenesyieHMAd  XapaKTepUMCTHMK [OIPOOYKTa  CYIKY
OCYMECTBJIAT B CYmMJILHOM mKady npu 90°C B TeueHue 8 uUacoB, IIpu
2TOM IIOTepM IIOoCJIe IIPOKaJMBaHMA CYXOI'O IMNPOIOYyKTa COCTaBJART 223
Macc.

[0100] [pokaJiMBaHue CYXOTO nponykTa, HeobBxomyumMoe  OJIS
OOHOBPEMEHHOT'O OCBOODOXIOEHUS MUKPOIOP (0T BOOH) M Me30II0op 3a
cueT yIoaJleHU s CTPYKTYPUPYRILETO areHTa, OCyIEeCTBJIAT co
CJlenylmuUM TeMIIepaTypHEIM NOpoduiieM: B TedeHre 30 MMHYT HOOBEM IO
200°C, saTeM B TeueHMe 1 uyaca mwiaTo npm 200°C, majiee B TeueHUe
3 yacoB mnomgwreM no 550°C m, HakoHell, B TedeHMe 1,5 uwaca mjaTo
npu 550°C.

CpaBHUTEJILHEN TIpUMep 2

CuHTES KPMUCTaJJIOB eoJmnTa tes npmbaBJIEHU A
saponmmeobpasynomero rejg npu TPOAC/Al,03=0,08
[0101] [HOeWcTBYOT COOTBETCTBEHHO OIMCAHUID CPaBHUTEJIBHOTO

npuMmepa 1, yBelImuuMBasg MOJIApPHOe cooTHomeHue TPOAC/Al,0s mo 0,08.
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CpaBHeHME XapaKTepMCTMK IIOPOMKOB IEOJIMTOB C  3aJaHHOM

IIOPUMCTOCTE, CHMHTEISVMPOBAHHEIX B CPaBHHMTEJIBHEIX IIpVMEepax 1 u 2, C

LeoJInTaM IOpMMepoB 1, 2 u 3

[0102] PesyabpTaTH OIpedeslIeHus XapaKTepUCTUK LEeOJIMTOB C
3alaHHOM TIOPUCTOCTBI0 TIpPencTaBJIeHE B Tabjauie 1, [IpUBeIeHHOM

majiee.
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Tabmuua 1
CruHTE3 soTepma ancopbumm asora mnpu 77 K CriexTp MEB MET
PCA
CpaBHUTEeNbHEYM | TPOAC/A1,03 |IIpoOorxmuTest Vipr Sext. Sext. PacnpenesieHue Kpucran PasmMeptl PasmMept!
obpasel BHOCTDb cM’/ T mesop. s | mesop./ Vip pasMeposB Judeckue | Kpucrtajg | Me3olop,
CUHTe3a, 4 Mt Me30Iop, HM basel JIOB, MKM HM
CpaBHUTEJIb HbIM 0 20 0,342 35 102 / Uncrasa 1,5 Hem
eosnurT X daza X IIaHHBIX
pumep 1 0,04 24 0,335 105 313 or 5 mo 10 Yycrag |or 1 mo 3| or 5 mo
daza X 10
Ipumep 2 0,02 24 0,339 85 250 or 5 »mo 10 Umcrag |or 0,5 mo /
daza X 1
Ipumep 3 0,08 48 0,330 160 500 or 5 mo 10 Uucrag |orT 4 mo 8 /
daza X
CpaBHUTEJIb HEIM 0,04 96 0,260 90 346 or 5 mo 10 X + P or 4 @mo 8 /
npuMep 1
CpaBHUTEJIb HBIM 0,08 96 0,040 103 2575 or 4 mo 30 P / /
npuMep 2

YCJIOBHEHE ODO3HAUEHUS

MEB:
MET:

CKaHMpyKmad SJIEKTPOHHaA MMKPOCKOIIMA

I[IpocepedrBamaa 2JIEKTPOHHaAd MMKPOCKOIIMA

CpaBHUTeJILHEM OfOpaszel]: LeoJuT X Siliporite® G5 AP kowmnaHum CECA

Vip

Sext. mesop. .

00BeM MUMKPOIIOP,

BHellHAA IIOBePXHOCTBb Me30IIop,

IoJIydeHHas DKcTpamnoadiuen "t-plot".

PaCCUMTaHHEM 10 ypaBHeHMD [yOmHMHa-PamymkeBUUa
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[0103] PesyJibTaTH, npencTabBJIeHHEE B Tabauie 1,
CBUIOETEJILCTBYIOT O TOM, UTO CTPYKTYpa KPUCTAJJIOB WM3MeHAeTCd C
comepXxaHMreM TPOAC. O0BACHeHMEM 3TOMY ABJIAETCHA oencTBUe

CTPYKTYypPpHMpYyKRIeIro al'eHTa Ha CKOPOCTB pocTa PasHEX I‘paHeﬁ

KPUCTAaJIJIOB .
[0104] Ha  o¢ur. 3 I[OKa3aHO COBMelleHMe  OUOPaKLMOHHEX
CIIEKTPOB (mndpaxToTrpamMm) . CoBMemeHre CIIEKTPOB oIrbparLnm

PEHTTEeHOBCKUX Jyduel (mDudpakTorpaMMbl) TIIOKa3HBaEeT, UYUTO BEJIMUMHEL
IMPPAaKLUMOHHEIX I[IUKOB, [IOJIYUYEHHHX C TBepOEMM BeleCTBaMM  II0
HacTodmeMy M300peTeHM (LIeOJIUT OpuMepa 1, TIOMeUeHHHM MWHIEeKCOM
(b) Ha oour. 3), OOOmOOHHE BeJIMUMHAaM IIMKOB, IIOJIYUEHHHX B cCcJydae
CPaBHUTEJILHOTO LeoJIMTa (IIOMedeHHOT'O WMHIekKcoM (a) Ha our. 3),
IpMYeM He3aBUCHUMO OT BBeJIeHHOTO KOJIMUYECTBa CTPYKTYPUPYKRIETO
areHTa. TakuMm oBpaszomMm, crmoco® IO  HaCTOAlNeMy  M300peTeHM
[IO3BOJIAET I[IOJIYYaThk TBEPIHE BelMeCTBa, KPUCTAJJIMYHOCTE KOTOPHX
ABJISEeTCHA ONTHMMAJILHOM U pelyJIMpyeMOou.

[0105] Crioco6 CUHTEe?3a, B KOTOPOM MCIIOJIE 3YIOT
CTPYKTYPUP YOI areHT, 3aTpaBOYHEM Tellb n/
3aponmineocfpas3ylmmyl I'eJib, I[I03BOJISET M3MEHATL COOTHOomeHue "obbeMm
MMKPOIIOP/BHEMHAS IIOBEPXHOCTL Mes3omop" B cjayuyae LeoJIMTOB C
HM3KYM COOTHomeHMeM Si/Al, Kak NpaBWUJIO B MHTepBalle B MHTepBaJle
or 1 nmo 1,4, nOpu 5TOM IOJyYas UMCTHM LeoJUT Tuia FAU (doxaszuT)
Bes NPUCYTCTBMS IOPYIOM KPUCTAJJIMUeCKOM OGOPME, B YacTHOCTU 0es3
COKpUCTAaJIM3aluM LeoJMTa P.

[IpumMmep 5

CuHTes XPH ¢ npubaBJIeHMeM 3aponeiieolpasynlero Tejid U

OCHOBHOTO TeJId Ipu cooTHomeHuu TPOAC/Al,0:=0, 04

[0106] IeMCTBYIOT COOTBETCTBEHHO OIIMCaHMIo npuMepa 1,
npubarasgsga 10% Macc. TakoT'o Xe 3aponpmecfpas3yiomero TeJid  II0

OTHOMEHNK® K MacCe OCHOBHOTO Te&JId C lLeJIbl YMEeHBIIeHVS pPa3MepoB
KPUCTAJIJIOB .

[0107] [ToJIyYeHHBN LIeOJIUT XapakKTepnusyeTcs pasMepamm
KpUCTaJIJIOB B MHTepBajie oT 0,5 mo 1,0 MKM, TO eCTh MEeHBIE, UeM
pasMepH KPUCTAJIJIOB LIe0JIMTa, IIOJIYUYEHHOTO B IHIpuMepe 1.

[IpumMmep 6

CuHTes LSXPH ¢ mnpubaBiieHMeM 3apolblleofpasyrlero Iejid |
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OCHOBHOTO TeJIa IIpu cooTHomeHur TPOAC/Al1,03=0,04

a) lloJlydeHMe OCHOBHOIT'O TeJid B pPeaKTope C IlepeMellBaHUeM
mHeKOM IIpu 250 06 MuH

[0108] B peakTope M3 HepXaBeoleM cCTaJlM BMEeCTHMMOCTB 3 JI,
CHaBXeHHOM TIpeklel py6Gamkod, HaTUMKOM TeMIepaTypH M MelaJiko,
IIOJIy4YaldT OCHOBHOM TI'eJlb, CMellMBas pacTBOP aJloMMHAaTa, COoIepXaluil
300 r rumpokcuma HaTpusa (NaOH), 264 © 85%-ro IMAIpPpOKCHMIAa KaJlfd,
169 r© TpurMmpaTa okKcHOa aJioMuHMA (Al,03:3H,0, comepxamero 65,2%
Macc. Al,03) m 1200 1T BOme Opu 25°C B TedeHMe 5 MMHYT CO
CKOPOCTBI IlepeMemuBaHUA 250 06 ‘MMH ©  C pPacTBOPOM CHUIIMKAaTa,
comepxamyMm 490 1 cuymkaTa HaTpusa, 29,4 © NaOH m 470 1 BOOH IIpU
25°C.

[0109] CTexmMoMeTprUUeCKue COOTHOIEHMA OCHOBHOTO reJda
npuBemeHu nDajiee: 4,32 Nax0/1,85 K,0/Al,03/2,0 Si0,/114 H,0.
T'oMoTeHM3aUMK OCHOBHOI'O TI'eJid OCYWeCTBJIAT IIepeMellBaHueM [IpU
250 o6 MmMH ' B TeueHue 15 MUHYT Opu 25°C.

b) IlpubarjieHre 3apolbllicofpas’yrlelo I'ejisd

[0110] K ocHOBHOMYy Tejymo npu 25°C ¢ nepememrBaHuem rpu 300
06 *MMH * npubaeidgT 5,8 1 3aponpmeobpasyrmero rens (mam 0,2%
Macc.) ¢ cocTraBoM 12 Na,0/Al,03/10 Si0,/180 H,0, T[OJIYUYeHHOTO
aHaJIOTMUHEIM 00Opas3oM, UYTO M OCHOBHOM T'ejlb, M CMeCHu IalT 3pPeTb B

TeueHne 1 yaca mpm 40°C. Iocjle TOMOTeHM3aumy Opu 250 o6 ‘MMH = B

TeueHMe 5 MMHYT CKOPOCTHL IepeMelMBaHusg yMeHbmaiT no 50 06 "MMH ©
M OPpOOOJIXAKT IIepeMellMBaThk B TedueHre 30 MUHYT.

C) BeBezmeHMe B peakUMOHHYK CMEChH CTPYKTypUpPYKIEI'O al'eHTa

[0111] B peakUMOHHYK CMecCcb BHocAaT 35,7 © 60%-170 pacTBOpa
TPOAC B MeTaHoJile (MeOH) mnpu IepeMellMBaHMM CO CKOpoOCTh 250
06 -MuH * B TeueHNe 5 MUHYT (MOJIAPHOE COOTHOIIEHME
TPOAC/A1,05=0,04). Barem mnpu 30°C B TeueHue 20 uyacoB mnpu 50
06 -MuH * OCYWeCTBJIAT CTaInu co3peBaHnsd lepen VMHYLIMaLEeN
KpUCTaJIIN3alu.

d) Kpucrammmzaluud B 2 CTaIuM

[0112] CKOpPOCTHL IIepeMemMBaHMUA HOOOepXMBalT paBHOM 50
06 ‘MMH © M 3aTeM OCYINECTBJAOT PaBHOMEPHOE I[IOBHIIEHME TEMIEPATYPH
B Tpeomel pybdamke peakTopa 0 63°C OJjg TOTo, UTOOH pPeaKIMOHHY

CMeChb HarpeTb IO TeMlIepaTypel 60°C B TedyeHrMe 5 MHMHYT C
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[IOCJIeyIMM IIOOOepXaHMeM ILJIaTO TeMIlepaType B TedeHMe 21 uyaca
npu 60°C; oajlee TeMIepaTypy B TIpeomen pydalmke peakKTopa
yCTaHaBJIMBaALT paBHOM 102°C miIsg Toro, UYTOOH pPEaklMOHHYID CMeCh
HarpeTs OO TemaepaTypel 95°C B TeueHme 60 MMHYT. [ocie
BEIIEPXMBAHMUA B TeueHre 3 uYacoB pu 95°C peakUMOHHYH CMeChb
OXJIQXOAlT, LUMPKYJIMPYA XOJIOOHYK BOLY UYepes Ipenlyln pydallky, OJI4
OCTaHOBKM KPUCTAJIJIM3ALNA .

e) OUJILTpPOBaHME/IPOMEBKA

[0113] Tmepnee BemecTBa OTIEJNART uYepes OUIbBTP M3 IOPUCTOTO
CTekJla ¥ 3aTeM I[OPOMHBAKT YMATUEeHHOM BOIOM OO HeUTPaJIbHOTO
3HauveHua pH.

f) Cymka/mpoxkalMBaHMe

[0114] O ompemesieHMA - XapaKTEepUCTUK  IIPOOYKTa CYWKY
OCYIEeCTBJISOT B CYIMJIBHOM mKady npm 90°C B TeueHMre 8 UYaCOB.

[0115] [MpokaJvBaHme CYXOT'O nponykTa, Heobxomumoe  OJIA
OOHOBPEMEHHOT'O OCBODOXIOEHUSS MUKPOIOP (0T BOOH) M Me30Iop 3a
cuerT yIoaJjleHU A CTPYKTYPUPYKRIETO areHTa, OCyIeCTBJIAT npu
yIoaJIeHUNn rasoB BaKyyMUPOBaHMEM C [IOCTeIleHHEM OO BEMOM
TeMrepaTypsl ¢ maroM 50°C mo 400°C B TeueHMe I[IPOMEXYyTKa BpPEMEeHM
oT 9 mo 16 Yacor B BakKyyMe (P<6,7-1Of4 IMa) .

[0116] HDajiee IpUBeIeHH pPesyJIbTaTH onpeneJjieHNA
XapaKTepUCcTUK STOTO LeoJiMTa C 3aXaHHOM IIOPUCTOCTBIO:

- V Mmkpornop mno IOybmHMHY-PanymkeBuuy=0,278 cM® T

e

— 2, -1,
— Sext. mesop._97 M Ty

- IOuaMeTpe Me3ornop o DFT=or 5 mo 10 HwM;

- PEeHTTEeHOCHeKTPpaJIbHHY aHaJlM3: CTPYKTypa UYMCcTOIro doxasuTa,
neonuT LTA He OOHapyXeH;

- pasMep KpUCTAaJJIOB: 8 MKM;

- MOJIAPHOE COOTHOIIeHHME Si/Al B LSXPH, onpemeJIeHHOEe
criocofoM PeHTIeHOBCKOM (JyopecleHlUMM, paBHO 1,01.

Ipumep 7

CuHTes ueoJsmmTa APH c npmubaBJIeHMeEM 3aponpeofpasyiolero Telisd
Y OCHOBHOTO TeJid HpM cooTHomeHuu TPOAC/Al,03=0,04

a) IlojlyyeHre OCHOBHOT'O T'&JIsd

[0117] B CTEeKJISHHOM peaxkTope BMECTUMOCTBIO 1,5 JI,

OCHAaIleHHOM 3-JIOIIacCTHOM MellaJIkoy, ofecleduBawmel CcKopocTb 600
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06 ‘MMH ', ¥ CHaGXeHHOM Tpelmel pyGamkol M TaTuMKOM TEMIEPAaTYPH,

IOJIydalnT OCHOBHOM T'ejlb, CMelMEBasd pacTBOp aJlloMMHaTa, CoIepXalli
151 r© orumpokcuma HaTpua (NaCH), 112,4 1© TpurumpaTa OKCHUIa
amoMyHusg (Al,053-3H,O, comepxamero 65,2% macc. Aly03) u 212 T BOIH
npu 35°C B TeueHMe 5 MMHYT I[IpM [NepeMelMBaHuM CO CKOopocThbi 600
06 ‘MMH ©  C pacTBOpPOM CHIMKaTa, colepxamuMm 321,4 T cCcuIMKaTa
HaTpusa M 325 1 BOmH npu 35°C.

[0118] CTexmoMeTpuueCcKue COOTHOIMEHMS OCHOBHOTO reJda
npuBeneHn pajiee: 3,13 Na,0/Al,03/1,92 Si0,/68 H,O0. I'oMOT'eHMS3AIUO
OCHOBHOTO TeJid OCYIECTRBJART IlepeMellMBaHueM npu 600 06 ‘MMH B
TeueHre 15 mmuHyT npu 35°C.

b) IpubaBieHMe 3apoammeofpa3yiomero TeJid

[0119] K ocHoBHOMY Treymo npu 35°C u nepeMmemmBaHuy rnpu 300
1

00 MuH - npubaejggoT 11,2 1 3Baponpmeobpasyomero rejgsa  (umim 13
Macc.) ¢ cocraBoM 2,05 Na,0/Al,03/1,92 S10,/87 H,0, I[IOJIYUEeHHOTO

aHaJIOT'MYHEIM O@paBOM, UTO M OCHOBHOMU reJlb, M CMeCH »OalT 3peTb B

TeueHre 2 dYacoB npm 25°C. Tocjie ToMoTreHm3aumy rnpu 300 06 ‘MMH T B

TeueHMe 5 MMHYT CKOPOCTEL IlepeMellMBaHMA yMeHbmawnT no 190 00 ‘MMH
M NPOOOJIKAKT IIepeMellMBaThk B TedeHre 30 MUHYT.
C) BBeIeHMe B peakKUMOHHYID CMeCh CTPYKTYpPUPYKIeI'o areHTa
[0120] B peakUMOHHYK CMecb BHocAT 35,7 © 60%-T70 pacTBOpa
TPOAC B MeTaHoJie (MeOH) mnpu IepeMelMBaHMM CO CKoOpocTki 600
06 ‘MUH (MoJigpHOE COOTHOIMEeHNE TPOAC/Al1,05=0,04) . CTanuio
co3peBaHMa OCYmecTBJISnT npu 35°C B Teuenme 10 wuHyT mnpu 300

06 MuH ©

nepel MHMIMaLMeN KpUCTaJJIM3alluu.

d) Kpucramnnuzaums

[0121] CkopoCTb IepeMelMBaHMA CHMWXKaoT »po 190 06 MyH T U
TeMIIepaTypy B Tpekmel pydallke peaKTopa YCTaHaBJIMBAKLT pPaBHOU
105°C mig Toro, UTOOH PEeakIMOHHYI CMeCh HaTrpeTh OO TeMIepaTyphl
97°C B Teuenme 40 MyHyT. I[locJie BHIOEPXMBAHMSA B TeUueHMEe 3 UYacoB
npr 97°C peaKLMOHHYID CMeChb OXJIaXmaloT, LUPKYJIUMPYS XOJOIOHYI BOIY
Uepes I'penlyln pyDallky, IJA OCTAHOBKM KPUCTAJIJIM3alLUN.

e) OuJILTPOBaHME/TPOMEBKA

[0122] Trmepnele BemecTBa OTIOEJNAKRT UYepes OUIIBTP M3 IIOPUCTOTO

CTeRJIa 12 s3aTeM TIIPOMEEBAKT yMHPquHOﬁ BOIOOM o HeﬁTpaanoro

S3HauveHMsa pH.



30

f) Cymka

CYIIKY OCYIECTBJISOT B CYIMJILHOM mkady opmu 90°C B TeueHue 8
YacoB IJI4 [OJIyU4eHMA  TBepLol'0 BelleCTBa C I[IOTepdAMM  IIOCJe
npokanmBaHuga 20%.

g) OO6MeH Ha MOHH KaJIbLMA

C LeJblo oNpelesieHMAa XapaKTepUCTUK IIOPMCTOCTM LeosmTa APH
OCYWeCTBJIAT OOMeH Ha MOHH KaJibUMA [OJA I[IOJIyUdeHMSa OMaMeTpa
MUKpornop okoJio 0,5 HM: 50 I Cyxoro HOpOIKa IPUMBOOAT B KOHTaKT C
500 cM® 0,5 M pacTBopa CaCl, mpm 70°C B TeueHMe 2 UYaCoOB, 3aTeM
OB TPYIRT M OpoMeBalT 280 M Bomel. OhnepallMio IOBTOPRAKRT 3 pas3a
(TpoVHOM OOMeH) .

f) Cymka

CYIIKYy OCYIECTBJIAOT B CYNIMJILHOM mkKady opu 90°C B Teuedue 8
YacoB IJIA  [OJIydeHMA  TBepLol'0 BelleCTBa C I[IOTepAMM  IIOCJe
npokaymBaHug 20%.

i) IpokajMBaHUE

[0123] [MpokajnBaHue CYXOTO nponykTa, Heobxomumoe  OJIA
OOHOBPEMEHHOT'O OCBODOXOEHUSS MUKPOIOP (0T BOOH) M Me30I0op 3a
cuerT yIoaJjleHnA CTPYKTYPUPYKRIETO areHTa, OCYIeCTBJIART npu
yIaJIeHUN rasoB BaKyyMUPOBaHMEM C [IOCTEIIeHHBM OO BEMOM
TeMrepaTyps ¢ maroM 50°C mo 400°C B TeueHMe OPOMEXYTKa BPEMEeHU
orT 9 mo 16 YacoB B BakyyMe (P<6,7-1O_4 Ila) .

[0124] Hajee [IpUBEOEeHE pes3yJibTaTH orpeneJyieHu A
XapakKTepruCTUK STOTO leoJiMTa C 3aldaHHOM mnopucTocTbio CaAPH:

- V mmkpornop no INybmumHMHY-PamymkeBuuy=0, 265 oM’ m

— Sext. mesop.=102 M° T ';

- OuamMeTpe Me3omnop 1o DET=or 5 mo 10 HwM;

— PeHTIeHOCHeKTpaJIbHEM aHaJM3: CTPYKTYypa UMCTOTO LeoJMTa
LTA;

- pasMep kpucTaJuJioB: 0,8 MKM;

- MOJIIPHOE COOTHomeHMe Si/Al B APH, omopemejleHHOE CIOCOOOM
PEeHTTeHOBCKOM GJyopecleHUuM, pabBHo 1,02.

[0125] Cmooco®, OIMCAaHHBEM B HacToAmeM M300peTeHuM, SABJISeTCH
SKOHOMUUECKN IIPUEMIIEMEIM, [IPOCTEHM B OCYIHECTBJIEHMM B I[IPOMBIIJIEHHOM

Macmradte, C OUeHb 3aMeTHHM BEHIMI'DEHIIEM BO BpPpeMeHWM II10 CpaBHEHUMIO C

CHMHTe3aMM, OIIMCaHHEMM Ha IIpemecTBynmeM YPOBHe TeXHUKM. KpOMe
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TOTO, crioco® CHMHTe3a I[I0 HacCToAlleMy M300peTeHMI IIO3BOJIAET
[IoJIy4aTh IIOJIHOCTBIO YIOOBJIE TROPUTEJIL HHM BEHIXOL, HallpuMep,
ONTMMAJILHEIM BHXOI B pa3Mepe 99% B pacueTe Ha MCIOJb30BaHHOE
KOJIMUECTBO AaJIOMMHMA, [NPeOCTaBJIAKIeIO COOOM NedUUMTHEM SJIEMEHT B

CMHTEeTMYeCKOM TIeJle.
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$OPMYJIA MBOEPETEHNA

1. LeosuT C 3alaHHOM IHOPMCTOCTBI, HOEMOHCTPUPYKRIUM  II0
MeHbIeV Mepe CJelyllMe XapaKTepUCTUKN :

* MOJISPHOEe COOTHoOmeHMe Si/Al B wuHTepBajsie or 1 mo 1,4,
BKJIOUAA TpPaHUUHBE 3HaAUEHULD;

* CpemHeuMCJIOBOM IMaMeTp KPUCTaJlJIOB B MHTepBaJje oT 0,1 mo
20 MM, npenmnoutuTeJibHO oT 0,1 mo 10 MkM, ©OoJiee HNPEeOIoOUTUTEJILHO
or 0,5 mo 10 MM M HauboJiee OpennodruresbHO oT 0,5 mo 5 MkM,
BKJIOUASA TPaHWUUHHE 3HAUEHUS;

* peryJiMpyeMas M OINTMMalJIbHad KPUCTAJIJIMYHOCTE;

* ME30IOPUCTOCTE, Takasd, UYTO BHEMHAA IIOBEPXHOCTE ME30IIop
HaxoOouTcsa B MHTepbajie oT 40 pmo 400 M Tt IPEenIoOUTUTEJIEHO B
nHTepBajie oT 60 mo 200 Mot

2. leoyuT no mn. 1, OpencTaBIgmMM CcoOoM LeoJMT Tulla FAU u
NpenliIouTuTeJSIbHO LeosmT X, MSX, LSX wiu uLeoyuT EMT, wmMiIM TakKxe
ueoymuT LTA.

3. HeoguT 1mo no. 1 wmiM 2, comepXallMMi UNCTYD IeOJIMTOBYIO
daszy, ¥ IOpM DSTOM NVMeIMA OOBEeM MUKPOIOP V,,, COOTBeTCTBYIINA
YPaBHEHMID V=V, ,zk¥15%, MNPeOnouTUTEJIbHO YPaBHEHUIO V=V, zt10% u
OoJlee NPEONOUTUTEJIBHO YPaBHEHMD V, ,=V,,rk¥5%, rIOe V,z IpencTaBjgeT
cobor oBBeM MMKPOIIOP, OIpeleJIeHHHM B TakMx Xe YCJIOBMSAX IJIA
IeoJiMTa, MMeolel'0 TakKyln Xe XUMUUECKYKn IIpHUponoy UM Takyln Xe
KPUCTAJIJIMUECKYID CTPYKTYPY, HO He ABJAKIEIroCSd Me30MIOPUCTEM B
CMEICJIE HacToAmero mM300peTeHMsA, TO eCTb BHEmHSSA IIOBEPXHOCTH
Me30Iop KOoTopoTo 0e3yCcJIOBHO MeHbme 40 M° Tt

4. Crioco® ToJydeHMd LeoJuTa I[I0 JboMy M3 IPelBOYIINX
IIYHKTOB, BKJoOUalMUM B cebsa IO MeHblleM Mepe clelyiomue CcTaduu:

a) TIoJIydeHMe TeJisd, Hal3EBaeMOI'O OCHOBHEM TI'€JIeEM, CMeMMBaHMEM
VMCTOUHMKA IOMOKCHIa KPEeMHMS C MCTOUHMKOM OKCHUIa aJIOMUHUSA [IpU
TeMrIepaType B MHTepBajie oT 0 mo 60°C;

b) npubaBJIeHUE K OCHOBHOMY TeJio co cTanum a)
3apoOHmeofpas3yrIero areHTa IIPM TeMIepaType B MHTeppalJie oT 0O OO
60°C;

c) npubaBJeHMEe K peaKUMOHHOM CMeCcHu II0 MeHbIleM Mepe OIHOTO
CTPYKTYypPUPYKIET'O al'eHTa;

d) ocymecTBJIeHUE KprmcTajllimsallliy TIOBHINEHNVEM TeEMIIEPaTYPHR
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e) OUIBTPOBaHME M IIPOMEIBKA KPUCTAJIJIOB IOJYUEeHHOTO LeoJiuTa;

f) cymka M HOpoKaJlMBaHME.

5. Cnoco6 mno n. 4, B KOTOPOM 3apolbmeofpas’yllNuil aTleHT
IpedCTaBJIgeT COOOM 3aponmmeobpas3ylmul I'ellb.

6. Cnoco® 1©mo 1. 4 w5, B KOTOPOM KOJIMUECTBO
NpnuBaBJIeHHOTO 3apolslleofpas’yrlero TIeJig I[I0 OTHOWEeHMK K Macce
OCHOBHOTO reJsda HaxXxoIUTCH B VHTepBale oT 0,1 o 20%,
OPEenrnouTUTeJIbHO B MHTepBajle oT 0,5 mo 15% wmMacc. u 0DoJiee
OpenrnouTuTeJIbHO B MHTeppajle oT 1 nmo 10% wMacc., BRJKYad
TpaHWUHEE BHaueHUd.

7. Cnoco6 mo m. 4, B KOTOPOM 3apolbmeofpas’yllNuii aTreHT
OpencTaBJIgeT COOOWM KpUCTAaJI.

8. Cnioco® mo n. 4 wim 7, B KOTOPOM KOJMUECTEBO IpUOaBJI€HHEX
KPUCTAJJIOB HaxoIouTcsa B WMHTeppajle or 0,1 znmo 10% wMacc. 1O
OTHOIMEHMI K 0O0mel MacCe OCHOBHOTO TeJifd.

9. Cnocot mno Jjgwbomy wu3 1n. 4-8, B KOTOPOM MCTOYHUK
IVMOKCHUIAa KpPeMHUS [OpelcTaBJAeT CcoB0O0M CUIIMKAT HaTpua, a MWCTOUHUK
OKCHIa aJIOMMHUSA [NpedCTaBJsgeT COoDOM TPpUIMIPAT OKCHUIa AaJIIOMUHUA.

10. Cnoco®6 no Jjmboomy M3 IOn. 4-9, B KOTOPOM CTPYKTYPUPYMUN

al'eHT IIpelCTaBJIdeT cobomr OpPTraHOCMIIAH.

11. Crioco6 110 JodoMy nus3 . 4-10, B KOTOPOM
CTPYKTYPUPYIOMUN areHT BEHIOPAH nu3 XJopuna [3-
(TPMMEe TOKCUCHUIIMII) PO ] OKTaelMJIauMe TUJIaMMOHM S, XJiopunoa [3-
(TPMME TOKCUCHUJIMII) IPONWJI] TeKcaleluuJIgMMe TUJIaMMOHM S, XJIopumoa [3-
(TPMME TOKCUCHUIIMII) IPONNWII ] ToOeIMIONME TUJIaMMOHM A, XJIOpUIoa [3-
(TPMMEe TOKCUCHUJIIWII) TPONINWII] OKTUIIaMMOHM S, N-[3-
(TPMME TOKCUCHUIIMII) PO ] aHUJIMHA,, 3-[2-(2-
aMVHO D TUJIaMVHO ) 3TUJIaMUHO | IPONUIITPUME TOKCHUCUIIAHA , N-[3-
(TpMe TOKCUCUIIWIIL) Tponuii] —N' - (4-BUHMIOEH3WII) 3 TUJIeHOIMaM1Ha ,
TPUBTOKCHU—3— (2-MMUIOA30JIMH— 1 —1JI) IPONMJICUIIaHa, 1-[3-
(TPMME TOKCUCUJIIWII) TPOIINJII ] MOUEBUWHEHI, N-[3-
(TPVME TOKCUCHUIIMII) PO ] 3 TUJIEHIVMaMVHA , [3-
(I3 TUIIaMMHO ) MPONWJII] TPUMMETOKCHUCHUIIaHa, (3-
TIIMUUOUIIOKCUIIPOIINII) TPMME TOKCUCHUIIaHa, 3-
(TPUMEe TOKCUCUIIWII) IPONIUIIMETakpuiiaTa, [2-

(LUKJIOTEeKCEHWII) DTUJI] TPUSTOKCUCKUIIaHa, OOODeUIITPUATOKCUCHUIIaHa,
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reKcaleluJITPUME TOKCHUCKIIaHa, (3-aMMHONPOIIWJI) TPMME TOKCUCHUIIaHA,
(3—MepKalTOoNpOIWII) TPUMETOKCHUCHUIIaHa, (3-
XJIOPIPOIINII) TPUMETOKCHUCUIIaHa, a Takxe M3 cMeceM  IOBYX WU

HECKOJIbKMX BTUX COeOMHEHUM B JIOOHBX IPOIOPLUMAX.

12. Cnoco® no JgmwoboMy u3 . 4-11, B KOTOPOM KOJMUECTBO
OOHOTO WMJIM HECKOJIBKUX CTPYKTYPUPYKIMX aTleHTOBR ABJSETCS TaKUM,
UTO MCXOIOHOEe  MOJIAPHOe COOTHOIIeHME  OIOHOTO WM  HECKOJBbKUX
CTPYKTypUpYyIMX areHToB u Al,0s3 Haxomurca ot 0,005 mo 0,20,
IpennouTUTeJIbHO B VHTepBale oT 0,01 oo 0,15 u BoJiee

npennoururesbHo oT 0,02 mo 0,08, BrJIOUAsS T'PaHMUYHBE BHAUEHNA.

[Io DOBepeHHOCTHU
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