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OIIMCAHUE WM3OBPETEHNUA
2420-543950EA/032

LIEOJIMTOBBE AINCOPBEHTH C BOJIBION BHEINHEM I[IOBEPXHOCTBIO M WX
[NTPMMEHEHHWE

[0001] Hacrosmee n3o0peTeHue OTHOCUTCH K IPpYMEeHEHNID
11eOJIMTOBEIX aIcopBuUpyRmmUx MaTepHraJioB B bopme arjioMepaTosB,
comepXamux IIO0 MeHbIIeM Mepe OOMH LeOoJIMT Tulla A, I[IpUUeM yKa3aHHHE
ancopOeHTH obJjlamamnT 3HaUYNTEJILHOM BHeMHEN [IOBEPXHOCTLI,
OIpeleJIeHHOM II0 ajcopbumu as3oTa, M OOJbIMM OOBEMOM MUKPOIIOP, IJIS
paszlejleHusa B T'a30BOM Gase, B YaCTHOCTHM, B crnocobax, MOIYJIUPYEMHX
naBJieHMeM, TuIa PSA (amcopbumia OpM [IepeMeHHOM HIaBJIEHUM WU 10—
aHmMyicky "Pressure Swing Adsorption"), wmim Tuna VSA (amcopbumusd
IpM IIepeMeHHOM pa3l3pexeHuM WMJIM Ho-aHIJmMicku  "Vacuum  Swing
Adsorption") wmnam Tuna VPSA (cnoco®, B KOTOPOM CKOMOUHUPOBAHH 2
npensoymmux crnocoba), win Tuna RPSA (mo-aHrumMcky "Rapid Pressure
Swing Adsorption" (amcopbuusa IpM pe3KOoIepeMeHHOM HaBJIEHUM), B
crnocoBax, MOOYJMPYEMEX TeMlepaTypoy, Tumna TSA (ancopdbumsa OIpu
[IepeMeHHOM  TeMIepaType MWIM Do-aHmmuMcku  "Temperature  Swing
Adsorption") n/mnim B crocobax, MOIYJINPY €MBIX OaBJIeHMEM u
TeMIlepaTypoM, Tumna PTSA (agcop®luMsa OpM IIepeMeHHHX »OaBJIeHUM U
TeMIlepaType WIM Oo-aHTJuMcku "Pressure and Temperature Swing
Adsorption") .

[0002] Hacrodamee wu300peTeHMe OTHOCUTCS TakKxXe K Croocoby
pasnejyleHMsS M OUMCTKM Tas0B, B KOTOPOM MCIOJL3YIT YyKa3aHHHE
LEeOJINTOREE ancopOeHTH, oBlamanmye 3HaAUNTEeJIbHOM BHeMHeMN
IIOBEPXHOCTEIO.

[0003] HacTodmee wu300peTeHMe OTHOCUTCH TaKXe K LeOJIMTOBHM
ancopbupyrommM MaTepualiaM, OpUeMJIeEMBEM IJIS T[IPUMEeHeHUsd B paMKax
HAaCTOAMETO M300peTeHMdS U COoIOepXamuM KaJui uW/UiIM KaJdblUun, W/WUin
HaTpuU.

[0004] IIpuMeHeHMe aIJIOMepaTOB DSTOI0 THUIla ABJSAETCH OCODEeHHO
ONPpeIlNOUTHUTENIEHEIM B TeX BapMaHTax I[IpMMeHeHUd, Korga TpebylnTcs
CKOPOCTL MaCCOoIlepeHoca, OOBeMHasd amCOopOLUMOHHAas CIOCODHOCTL, TO
eCThb napaMeTpH, ompenesgrimnme 50PeKTUBHOCTD u leleliigY:e)
IPOM3BOAMTENBHOCTE crHocoBa, a TakXe IOHWKEHHEE [IOTEepM HOaBJIeHUS.

[0005] B TexHOJOTMM pa3dejleHMsa alcopdumeyt B IHocCHeIHMe TOIH



MHOXECTBO paboT OBLIIO HalpaBJIEHO Ha YBeJIIMYeHN e JyacoBOM
[IPOMU3BOIMTEJIBHOCTY  CJIOEB ancopBeHTOB, B YaCTHOCTH, 3a CcuUerT
YVBeJIMUEeHMS YacCTOTH LMKJIOB amcopdummu/ImecopdliuuM, UTO oO3HaUaeT, UTO
VCIOJbL3YEME ancopdeHT, I[IOMMMO CBOUMX TepMOOMHAMUUECKMX CBOMCTB
ancopbumy, IOOJDKeH ofJjlalaThb CIOCOOHOCTBI HACHIMATLCHA IPU agcopOLmu
VM BOCCTAHABJIMBATBCA IIpU Oecopbuuu amcopbMpOBaHHOT'O TI'a3a BO BCe
Bojiee ¥ OOJiee  KOPOTKMe IIPOMEXYyTKM  BpPEMEeHU. CilemoBaTeJIbHO,
amcopOEeHTH OOJIKHEL OBTE pa3paboTaHe TakK, UTOOH obecleuMBaTh Kak
MOXHO Bosiee 20PeKTMBHLBII MacCOIIepeHocC, TO €eCTb Tak, YTOOR
pasieisgaeMele WM OUMIlaeMble Ta3eH JOCTUTallM KaK MOXHO OHCTpee
LEHTPOB ancopbluM M OecopbMpoBaJIMCh TakKXe KaK MOXHO OBCTpee.

[0006] BmUJIO pacCMOTPEHO HEeCKOJIBKO IIyTeM HOOCTWMXEHUS DTOoM
nesgu. IlepBult crooco®, MNPpemaJioXeHHHBM B JMTepaType, COCTOMT B
YMEeHBIIeHUN pasMepa ancopOupyommx JacTull. B ofmeM ciydae
OOIIyCKaKT, UYTO CJeOCTBMEeM 5STOoTo 4BJideTca obecheueHue 0OoJiee
BricTpor OubdysMM Ta30B B CeTM MaKpOoIop, IIpM DSTOM KOHCTaHTa
CKOPOCTHM MacCCOIlepeHocCa O0paTHO IIpOoIOopLMOHalIbHa KBaOpaTy IuaMeTpa
yacTul (MM 5SKBMBAJIEHTHOT'O pas3Mepa B 3aBUCUMOCTM OT CTPYKTYPEH
ancopbeHToB) . MOXHO Ha3BaTb, HalpuMep, craTei "E. Alpay et coll.
Adsorbent particle size effects 1in the separation of air by
rapid pressure swing adsorption. Chemical Engineering Science,
49(18), 3059-3075, (1994)".

[0007] B WO 2008/152319 ommcaHO I[IOJIyUeHMe, IIPU KOTOPOM
IPUMEHSIIT pPaclbleHre, MeXaHUMUeCKM CTOMKUX aICopBeHTOB HeOOoJLINUX
pa3MepoE, KOTOPHE VICIIOJIL 3YIT, HaopuMep, B IIOPTAaTUBHEX
KOHIIEHTpaTopax MeOIMLIMHCKOTO KMCJIOpOda COOTBETCTBEHHO OIMCAHMI B
us 2013/0216627. TJlaBHLM HeOoCTaToOK YMEHBIIEeHU A pasMepa
ancopOUpyKIMX YacTUl, COCTOMT B YBEJIMUYEHMM IIOTEepPb HOaBJIEHMSA B
ancopbepax M B OOJIBIIOM [IOTPEeOJIEHUMM DHDHepIMM, CBA3aHHOM C 5STHUM.
3T70T HeIOCTAaTOK ABJIAETCH I[IPaKTHUMUECKM HeyCTpaHMMEM B crocobax
ancopbumMM IIPpM IPOMEBIIJIEHHOM [IPOM3BOICTBE T'a30B.

[0008] BTopon crioco® COCTOMUT B VIIYUIIEHUMN CIIOCOBHOCTHU
BHYTPUKPUCTAJIJIMTHOTO MacCCoIllepeHoca B ancopbeHTax 06e3 W3MeHeHUd
X pasMepa. B MexOoyHapoOHEX 3adaBkax JP 2157119, JP 2002068732 wu
WO 2002/49742 OIIMCAaHEL amoCcopOeHTH c YIIyUleHHOM KMHeTHKOM,

IIOJIy4YeHHEe KOHBepCMeﬁ B aKTHMBHOE ILIeOJIMTOBOE BeleCTBO CBA3YKRIEI'O



BEMEeCTBAa, VCIIOJIE3YEMOTO  IOJIA  alJloMepaluy, a Takxe  CrIocoOH,
CBA3aHHEHE C pasdesjieHVMeM Tas30B UM gejdoluecd O0ojiee 5OOeKTUBHEMU,
UyeM CHOCOOH C TPpalIMIIMOHHBEMKM YaCTUIIaMMU .

[0009] B WO 2008/051904 npenjioXeH Ccrioco® [IOJIyYeHu g
SKCTPY3Mel/oKaTHBaHMeM MapUMKOB IEOJMTOBHX aIlCOopOeHTOB Ha OCHOBE
IeoJiMTa C yJydlleHHOM  muddy3muen. B WO 2008/109882 OIIMCaHO
IoJiydeHre ancopBeHTOB C BHCOKOM MexXaHMUYeCKOM IMIPOYHOCTBI U C
YIIYUIIeHHEM MacCCOIIepeHOCOM MCXOOS M3 LeoJIMTOB UM II0 MeHbIley Mepe
3 15% KpeMHeKMCJIOTO CBA3YKMEeI'o BelleCTBa, BBOOMMOTO B KOJIJIOMOHOM
dopme.

[0010] B EP 1240939 mnpenjioXeHO IJS MCIIOJB30BaHMA B CIocobe
PSA W VSA oToUpaTh anoCcopOEeHTH, obJlamanmye HEeKOTOPEM
COOTHOIEeHMEM MeXIy WMX KMHEeTUUEeCKMMM KOHCTaHTaMM MaccollepeHoca
ancopBuUpyeMelx COeIMHEeHMM B Tas30BOM U TBepmol ¢dase. B US 6328786
omnpenesyieH IIOPOT MMHMMAJLHOM MexXaHMUeCKOM IIPOYHOCTM M KOHCTAaHTa
ckopocTH, OoJiee KOTOPOW aIcopOeHTH ABJISITCSA NPEeONOUYTUTEJIbHEMU
0JIA [IpUMeHeHuUd B crocobe PSA. B EP 1048345 omnmcaHbe ancopOeHTH C
BOJILION MaKpPOIOPUCTOCTRID, I[IPOU3BEIEeHHHEe CIOCODOM OKAaTHBAaHUSA U
JINOPMIIN3aLlN .

[0011] TpeTun crioco® COCTOMUT B VIIYUIIEe HUN oocTyIla K
ancopbeHTy  OGJjgarojapsa  MCIOJb30BaHMI  pPas3JIMUHBEIX TeoMeTpPUUeCKUX
bakTOpOB IIpM QOPMOBaAHMM 3a CUeT OIOHOBPEMEHHOTO KOMOMHMPOBAHMA
YMEHBIIEHHOM  TOJIIMHEL aKTMBHOTO BelleCcTBa UM JOCTATOYHO OOJIbIMX
IIPOCBETOB IJIA IIpOXOoIDa TeKydero IIOTOKa C LeJiblo obecledeHUd
TeueHUS C OTPaHMUEeHHBEIMM  IIOTepsAMM  OaBJIEHVA. MOXHO Has3BaTh
ancopbupyrmmMe JMUCTE WM TKaHM, MOHOJIMTHHE W3OeJIMA THIla [IUeJIMHBEIX
COT, IEHH WM IOpyIre (QOPMEH.

[0012] B FR 2794993 mOpenJloOXKeHO MCIIOJBb30BATh TIeTepOTeHHHE
mapmuKyu C I[IepUPepUMHEIM aOCOpPOIMOHHEIM CJIOEM C MaJloM TOJIIMHOM,
[IOKPHEBAKIIMM MHEPTHOE  AIOpO: TakuM obpasoM OUOOY3MOHHEM IIYThb
yMeHbIlaeTCcsa 0e3 yBeJIMUeHMsa TIIOoTepr »HaBJjieHMsa. HemocTaTokK D2ToU
CUCTEMEl COCTOMT B MaJio oObeMHOM 20PeKTUMBHOCTM: COOTBEeTCTBYIIMAS
yacTes ancopbepa oka3WBaeTCcd 3aHATOM MaTepualloM, MHEePTHHM B
OTHOMEHUM ancopblmK, UYTO CMIBHO BJIMSAET Ha pasMepH YCTaHOBOK U,
CJIENOBATEJIEHO, Ha KalMTaJIbHHE BJIOXKEHMS W TakXe Ha Maccy, 4YTo

MOXeT OHTb SaTPpYIOIHAKINVM (l)aKTOpOM B CJlydae IIOPTaTMBHEX HpM@OpOB



OUMCTKM/pasnesieHusd, TaKUx Kak, HalprMep, KOHIIEHTPAaTOPEH
MeIVMIMHCKOTO KMCJIOPpOIa.

[0013] B =zagBkax US 2012/0093715 m US 2013/0052126 omnmcaHo,
uTo MOXHO bopMUpOBATH MOHOJIMTHEIE LIEOJINTOBHE CTPYKTYPEH C
MepapxXnuecKoy CTPYKTypoM nOpubaBJIeHMEM IIOJMMepa K pPeaKIMOHHOM
cCMecH: Kak M B cJydyae aIcopbuMpylmMx JIMCTOB M TKaHeM, II0JIyueHHEe
TBEPIOHE BemecTBa objlamalT OUeHb 3HAUMTEJIBHEMM OO0BeMaMM MaKpOoIlop
M Me30IIop, M, CJeIoBaTeJIbHO, 5BTHU TBeplIbe BemecTBa oO0JamanT OUYeHb
MaJIoM IIJIOTHOCTBI, U UX o0O0beMHasa 50OPeKTMBHOCTL HABJISETCS HU3KOM B
CUJIY MX HU3KOM OOBEMHOM aOCOopOIMOHHOM CIOCOOHOCTHM.

[0014] Taxkmm oBpasom, BCe 5TU NIPOCTPaHCTBEHHEE
ancopOuMOoHHEE (QAaKTOPH PAaB3JIMUHOM HOPUPOIOL CTaBAT OTHOCUTEJBHO
CJIOXHEIEe MPpOoBJIeMH BOIJIOMEHMS, MeXaHUUeCKOM YCTaJIOCTHOM IIPOUYHOCTHU
uin abpa3mMBHOTO MB3HOCA M MaJiol oObeMHOM 20OeKTUMBHOCTH, IIOCKOJBbKY
comepXaHre aKTUBHOT'O BelleCTBa YacTO CHWXalT B IIOJIb3Y WMHEPTHEHX
CBA3YKIMX BelleCTBE MM MeXaHMUeCKM  YIPOUHAKIMX  BOJIOKOH  WJIK
IIOCKOJIbKY IIoJIyduaeMele MaTepuaJiel o6JiafalnT OueHb MaJloM IIJIOTHOCTHIO.

[0015] CinemoBaTeJIbHO, OCTaeTcsad IIOTPed®HOCThL B LEOJMTOBHX
ancopbeHTax, KOTOPHE ABJALTCA IIpUeMJIEMBEIMM IOJIS pPa3deJIeHUsS U
OUMCTKM Ta30B, o0JamalkT XOPONMMM XapaKTepUMCTHKaMM MacCCcoIllepeHoca
u He oByjaganT HegocTaTKaMM, CBSA3aHHBEMA c VICIIOJIbL 30BaHMEM
ancopbeHTOB npenmecTBYyRIEeTro YPOBHSA TEeXHUKN . B YacTHOCTHU,
ocraeTcsa HOTpeBHOCTEL B LEeOJMTOBOM ancopbeHTe, objlagalllMM, KpoMe
TOTO, OOJLIMOM amCOPBIMOHHOM CIIOCODHOCTBLI ¥ JIYUIMMM KMHETUUeCKUMA
oxkasaTeJIaMM angcopdummn/mecopdbiumu, ofecleurBalmMMM, B UYaCTHOCTH,
foJlee MHTEHCUBHOE IIPMMeHeHMe CIOCO00B UM TMPedloUTHUTEJIBHO CIOCO0O0B
PSA, TSA wmiam VPSA.

[0016] B HacTosAmlee BpeMsa aBTopaMM HaWIeHO, UTO YKa3aHHHe
paHee lLeJM MOTYT OBTL IOOCTUTHYTH IIOJIHOCTBI MM IIO0 MeHbIIeM Mepe
JacTMUHO OJgarolapsa ancopbeHTaM, KOTOPHE CIelMallbHO IpelHa3HaueHE
IOJIS WCIOJB30BaHMA TIIPM pPa3OdeJIeHUMM WM OUMCTKE Ta30B W OIMCaHMue
KOTOPHX MNPUBOOUTCSA Oallee.

[0017] TakmMm oO6pa30M, COIJIACHO IIepBOMY AacIlleKTy HacTodlee
nsobpeTeHrMe OTHOCUTCHS K IMIPUMEHeHMHO [OJId pas3leljieHud U/WIKM  CYIKHU
Ta30B 1o MeHbIen Mepe OIOHOTO LIEOJIMTOBOTO ancopbupyrmero

MaTepuala, comepXxameIo IO MeHbIekn Mepe OIMH ILIeOJIUT THUIla A,
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IpruyueM yKa3aHHEM aOCcopOeHT XapaKTepu3lyeTcs:

- BHeNHEeM [OBEPXHOCTLI, ONpemeJIeHHOM II0 amcopbumm aszoTa,
BHPaXeHHOM B M? Ha T'paMMm ancopfeHTa, OpeBmmawomerr 20 M2 1! u
NPenrnouTUTeJIbHO Haxomdmencs B MHTepBajle orT 20 no 300 w2 -7t
BoJlee IPenrnouTUTEeJIbEHO oT 30 oo 250 M2 ol ene BoJiee
npennoururessHo oT 40 mo 200 m? 7! m Hambojee NPEnNoUTUTEJEHO OT
50 mo 200 Mm% 1 *%;

- comepXaHMeM OoTJIMYaKnmerca OT 1LeoJiuTa O(paKLuu (PNZ) ,
COOTBETCTBYKIMM HepaBeHcTBaM 0 < PNZ < 30%, OpenmnourmresibHO 3 <

PNZ < 25%, 0OoJee mnpenmnourmurTesibHO 3 < PNZ < 20%, OpeuMylleCTBEHHO 5

< PNZ < 20% wm Haubojiee HOpednouTuregbHo 7 < PNZ < 18% mnpwm
orpeleJIeHUn criocoboMm PCA (PEHTTeHOCTPYKTYPHEM aHaJM30M  IIO
IUOPaKIVM PEeHTTEeHOBCKUX JIydel) B MACCOBHX IIPOILeHTax I10 OTHOIEHMIO
K obmel Macce ancopBeHTa;

- ob6BbeMOM Mes30oop B wuHTepBajie or 0,07 mo 0,18 cMm®-rl,
npennoururesbHo or 0,08 mo 0,18 cm®:'r7!, Gojsiee NPemmIoOUTUTENILEHO OT
0,12 mo 0,18 cM® 10! m Haubojee mpemnoururesbHo orT 0,14 mo 0,18
cM® T, BrIJIOUad I'paHMUHLE 3SHAUYeHNd;

- AaTOMHHM COOTHomeHMeM Si/Al B ajcopbeHTe B MHTepBaje OT
1,0 oo 2,0, IpenIouTUTeJIbHO oT 1,0 oo 1,6 wm HamboJlee
npenmnourmuresbHo oT 1,0 mo 1,4;

IpuyueM KOMILJIEKC M3MEePeHUM OCYmeCTBJISeTCsS IJIS alcopOupylmero
MaTepuasyla, B KOTOPOM II0 MeHbmel Mepe 90% OIPOTUMBOMOHOB 3aMelleHE
KaJlblMEM.

[0018] B HacTOdmeM OINMCaHMM TepMMH "lleosmT Tuna A" o3HaudaerT
ueogurT LTA. CoIjiaCHO IIPenlouTUTEJIbHOMY BapMaHTy OCYUeCTRJIEHUI
LEOJIUT TUIIa A TIIpelcTaBJIAeT coBoM  MEe3O0MIOPUCTHM  LeoJIUT A,
BHIOpaHHHEM M3 LeoJuToB 3A, 4A wu bA. Tlom o6oszHaueHueM "3A"
[IOHMMAaKT ILEe0JIUT, YCTbA I[IOP KOTOPOTO NPpUOIUM3UTEJEHO pPaBHH 3
anrcrpemaM (0,3 H©HM); mnomn of6o3HadveHueM "4A" T[OHMMaKRT LEOJUT,
YCTESA IIOP KOTOPOITO NPpUOIU3UTEJIEHO paBHH 4 aHrcrpemMaMm (0,4 HM) ;
non obos3HadveHMeM "OA" INOHMMaKOT 1eoJIUT, YCThES TIIOP KOTOPOTO
OpUOJIU3UTEJILHO pabBHE 5 aHrcTpemaM (0,5 HM).

[0019] CorJlacHO OIHOMY nus3 BapMaHTOBR oCyleCcTBJIEHUSA

HAaCTOAmMETO U300peTeHVsa IEOJUTOBHEM aICOopOUPYNMY MaTepuall MOXeT



comepXxaThk TakKXe OIVMH WIM HEeCKOJIBKO IPYyIMX ILeOoJIMTOB, KOTOPHE
BHOMpawnT M3 LeoJuToB Tuna FAU (LSX, MSX, X, Y), LTA, CHA
(mataszura), HEU (KIMHONTUJIOIMTA) M CMecey U3 IBYX WIM HeCKOJbLKUX
13 HUX ¥ O0oJiee MNPenlouTUTeNIbHO M3 LeoJuToB 3A, 4A, LA u cMecen
M3 IBYX WMV HECKOJBbKMX U3 HUX.

[0020] IpyTue LIEOJIUTH B ancopbeHTax, COOTBETCTBYKIINX
HacToAmlEMY W300peTeHMI WM I[IPMEMIIEMHIX IJI4 I[IPMMEeHeHMsa B Crocobe
1o HacTOoAIEMY n3obpeTeHn, MOTYT cComepXaThbCH B MaJIbIxX
KOJIMUeCTBaxXx. O9OTU LeOJMTH MOI'YT pacCMaTpMBaTbCS KakK IIpUMEeCcH, B
YacTHOCTHM, IIO IIPMUMHE TOI'O, UTO OHM He BHOCAT CBOM BKJAaO B
ancopbumrp TasoB, MHBMM CJIOBaMM, OHM ABJIATCH MHEPTHHMAU II0
OTHOIEHVI® K ancopdbluumM Tra30B. OTM LEOJIMTHE cCcomepXaT, B IOpAIOKe
HEOTPaHUUUTEJILHEIX I[IPMMEepPOB, COOaJIMT, IMUAOPOKCUCOHNAJIUMT, LUeoJUT P u
OpyTMe LeOJIMTE, MHEePTHHE I[I0 OTHOUEHMI K amcopdlUuM I'a3o0B.

[0021] Pas3HBEE TUIE LEOJUTOB, COIOEPXalMxXCSI B 1LEOJUTOBOM
ancopbupyKleM MaTepuale, olpenejndonT crnocobom PCA. KoanuecTBO
LEOJIMTOR TakKXe olpenendaoT crnocobom PCA m BHpaXawT B Macc.$% IO
OTHOIEeHMI0 K ofmel Macce LeOoJIMTOBOTO ancopdbupynmero MaTepuala.

[0022] TakuMm  oBpa3oM, CcOoTJIacHO HaCTOAIEMY M300peTeHU
BHpaxeHre "dppakuma, oTaMUanmascsa oT ULeosmra'" (miam PNZ) os3HadaerT
JI00VI0 bpakumo, comepXxamynocg B ancopbupyromeM  MaTepuale u
OTJIMYAKIYICSa OT OIHOTO MJM HEeCKOJIBKMX ILIeOJIMTOB, YKa3aHHHX paHee
M Has3pBaeMblx "LeosmToras oOpakuua" wuiam PZ. KojgmuecTBO Odpakuuu,
oTJIMUaKmeca OT 1LeoJIUTa, BHpaXalT KakK [OOoIoJiIHeHue mo 100%
LHeOJIMTOBOM dpakKuuM agcopbeHTa, TO €CTh:

%3PNZ=100 - $%PZ,

roe $PNZ mnpemcTabBjiseT cofoM MNPOLEeHTHYI MacCoByl moJjio PNZ, a
%PZ TImpencTaBJgeT CcofOoM IHOPOLEeHTHYI MACCOBYID IOJI0 LeOoJMTOBOM
dpakuMM IO OTHOMEHMI K ofOmel Macce alcopbeHTa.

[0023] Tlonm BupaxeHMeM "alcopBeHT, B KOTOPOM IIO MEHBIEW Mepe
90% MNPOTMBOMOHOB 3aMelleHH KaJblyreM" T[ToHMMawnT TO OOCTOSTeJIBCTEBO,
UTO IO MeHbmer Mepe 90% CHoOCOOHHEIX K MOHOOOMEHY KAaTMOHHHX IeHTPOB
LIEeOJIMTOBOM QpaKLUMM 3aHSATH KaTMOHAMM KaJlbIIMA.

[0024] 1IeoJIMTOBHM aIcopdOMpyNUi MaTepMal, B KOTOPOM IIO
MeHbImel Mepe 90% TIIPOTMBOMOHOB 3aMelleHH KaJibliMeM, MOXeT OHTh

IIOJIy4YeH u IIpedIliIouTrUTEeJIEHO II0JIy4YarnT I10 cnenyzomeﬁ MeTOIOVKE



11eOJIMTOBEM aIcopbupynmmi MaTepuali, IoOBepTaeMei KaJbUuUM—
KaTMOHHOMY OOMeHyY, BHIEPXMBAKRT B pPacTBOpe XJopuIa KaJblLug C
KoHUeHTpauuen 0,5 momp CaCl, B JMTpe C COOTHOIMEHMEM XUIKOCTU U
TBEPOOTO BemecTBa, paBHeM 10 Miu-r i, npm 70°C B TedyeHme 2 UYacCoB.
Onepauuio IHOBTOPSART n pas3, IpWYeM n pPaBHO IO MeHbIeM Mepe 1,
NPeIlNOUTHUTEJIEHO IO MeHBIel Mepe 2, 0OoJjlee OPellOUTHUTEJIEHO IO
MeHbBIIEM Mepe 3 M HauboJiee MNPEeNNoUTUTEJILHO II0 MeHblleV Mepe 4.
[0025] TBepnwe BellecTBa, roJlydaeMule rocJie ornepaumm
MOHOOOMEHa IIon HoMepaMu n — 1 ¥ n, IIOCJIeOOBAaTeJILHO UYeTHpe pas3a

1

IIPOMEIEAKT TIIOT'PYyXEeHMEM B BOIOYy M3 pacdeTa 20 ™MJI-T” IJIA YyIHaJIeHUA

M3OLHTKA COJIM M 3aTeM cymaT B TeueHMe 12 uyacos npu 80°C B cpeme
BO3OyXa Iepel PeHTIeHOQNIYOPEeCLeHTHEM aHaJlM30M. ECIM [IpOLeHTHad
MaccoBad 0OoJidg oKCcHIa KaJlbLM4g B LEeOJIMTOBOM ancopobupyrieM

MaTepmrnalsie MeXOy ollepallMaMA1 MOHOOOMEHa TIIOn HOMepaMM n - 1 u n

CTabUIM3UPYETCa C OTKJIOHeHMeM =+1%, TO LEOJUTOBHM alcopOupylomui
MaTepualJ CcuuTaeTcsa HaxonammuMcsa "B dopMe, B KOTOPOM I[IO MeHbIeM
Mepe 90% MNPOTMBOMOHOB 3aMelleHH KajiblueM". B cilydae HeOOXOOMMOCTU
OCYmMEeCTRBJIAT IOOIOJHUTEJILHEE ollepaluy MoHOOOMeHa COOTBETCTBEHHO

OIIMCaHHOMY PaHee oo YCTAaHOBJIECHNMA CTabuUILHOCTHA HpOLI,eH’I'HOIZ

MacCoBOM IOJIM OKCHIA KaJblMsa C OTKJIOHeHUMeM *1%.

[0026] IlpedlouTUTEJSIbHO MOXHO OCYIIECTBJIATL II0CJIeIOBaTeJIbHEM
KaTuoHooOMeH OOoJbIMM M3OBTKOM XJIOpMIa KaJblLUMg OO Tex II0p, IIokKa
MaccoBOe CcoIepxXaHMre OKCcHIa KaJblMsa B LEeOJMTOBOM aIcopdupyiimeM
MaTepuale, olpenejieHHOE XMWY e CKUM aHaJIM30M TUIIA
PEHTTeHO(JIYOPEeCLeHTHOTO aHaJmza, He CTadbuUIn3npPyeTCcs c
OTKJIOHeHMeM *T1%. D5Ta MeTOOMKa OIpelelJIeHMsS WUM3JIOKeHa B HOaJibHelmeM
OIIMCaHUU .

[0027] AToMHOe cooTHomeHMe Si/Al B ILEOJUTOBOM aICopOuUpyoleM
MaTepuajie ONpelesianT BJEeMeHTHHM XUMMMUYeCKMM aHaJlM30M CclIocofboM
PEHTTEeHOBCKOM (QJyopecleHUMM, MeTOOMKa KOTOPOM XOPpOoIo Mu3BeCTHAa

crieuMaJMCcTaM B HaHHOM o00JlacTM TexXHUMKM UM M3JIOXeHa B »OaJlbHeWmeM

ONIMCAaHUM .
[0028] B cayuyae HeoBXOOMMOCTU MOHOODOMEH Ha KaJIb LU
OCYIEeCTRJIAT rnepen aHaJIM30M COTJIAaCHO MeTOOMKe, nmoapoBHO

onMcaHHOM paHee. Mcxonosa ns obbeMa MUKPOIIOP infe) OyOUMHUHY —



PamymkeBUuy, OTIpeleJIEHHOTO nJisg LIEOJIMTOBOTO ancopbupyrmero
MaTepualja B KaJbUUM-KaTHOHMTHOM OGopMe, TakXe MOXHO pPacCUMTHBATLH
obmmit obweM 1o OyOMHUMHY-PaIymkeBUUY OIOHOTO WMJIM  HECKOJbKUX
IeoJIMTOB A C TmomnpaBKoOM Ha PNZ.

[0029] TIlon o6o3HaueHMeM "Vyicre" TIOHMMAKRT OOBEM MUKPOIIOP
LEOJIMTOBOTO ancopobupyrmero MaTepuala, MeTOoIMKa OTIIpeleJIeHU A
KOTOPOTO MBJIOXKeHa najiee. Ilon obo3HaueHUeM "Vieso" TMOHMMAKRT OOBEM
Me30TIop LEOJIMTOBOTO ancopbupymnmero MaTepuala, MeToIMKa
OIpelleJIEHMA KOTOPOI'O M3JIOXeHa Hallee.

[0030] CoriyacHO IPeldllOUTUTEJIbEHOMY BapMaHTy OCYIEeCTBJIEeHUA

yKaBaHHHﬁ PaHee TIIO MeHbIIeMn Mepe OIMH LI€OJIMTOBLIM ancop@mpymmmﬁ

MaTepual, IpueMJIEeMEI oJis IpUMeHeHU B paMrax HacToSamero
n300peTeHnsa, xXapakTepusyercsa cooTHomeHreM (Viicro — Vimeso)/Vmicro B
uHTepBaje ot -0,3 mo 1,0, He BKJOYaAd TpPaHMUHBE 3HAUEHUH,

npemmymecTBeHHo oT -0,1 nmo 0,9, He BKJOUaAs TI'PaHMUHHE 3HAUEHUS,
nopennoururesgsHo ot 0 mo 0,9, He BkJIOYasd TI'PaHMUYHBEE 3HAUEHUS,
BoJjiee nOpennouTuTespHO oT 0,2 @nmo 0,8, He BKJKOYasg I'PaHUUHBEE
3HaueHusd, eme O0oJiee OpennoururejbHOo oT 0,4 mo 0,8, He BKJKOYASA
TPpaHMUHEE 3RHaueHMsa, M HauboJee mnpenmnodruresbHo oT 0,6 mo 0,8, He
BKJIOUAA TI'pPaHUUHBEE 3HaueHMd, Tle Vyiero O3HadvaeT 0O0BEeM MUKPOIIOP,
olnpeneJieHHHM crocofboMm IyOMHMHa-PamymKeBUUa, a Vpeso O3HaUaeT obObeM
Me3OIIop, OIpemeJIeHHEM crnocodoM BapperTa-IxovHepa-Xajednoel (BJH),
opuyueM KOMILUJIEKC UM3MEePEeHMM OCYIEeCTBJISeTCsS OJg alcopOupyomero
MaTepuasyla, B KOTOPOM II0 MeHbmelr Mepe 90% OPOTUMBOMOHOB 3aMelleHE
KaJblMEM.

[0031] CorJylacHO ele OOHOMY BapMaHTY OCYIEeCTBJIEHMS YKa3aHHLHM
paHee IO MeHbIEeM Mepe OIOMH LeOJIMTOBHM adcopbupyllri MaTepurall
xXxapakTepmusyeTca ofbeMoM MUKPONIOP (Vypiero WMIM TakXe O0OOBEMOM IIO
IyOMHMHY-PanymKkeBMUy), BHPaXeHHLHM B CM° Ha TI'paMM alCopOupyoleTo
MaTepuasa, B uHTepbBaje oT 0,160 mo 0,280 cM® 1!, mnpeumymecTBEeHHO
or 0,180 mo 0,280 cm®-r!, mnpemnoururessHo oT 0,200 mo 0,280
cM® Tt M BoJslee mnpepnouTuTesibHO oT 0,220 mo 0,280 oMt mpum
ompenejleHUM JIA ancopbupywnmero MaTepuaja, B KOTOPOM II0 MeHbIen
Mepe 90% NPOTMEOMOHORBR 3aMelleHH KaJlbIMEM.

[0032] OBmm oBbeM  MaKpo- u Me30IIop B LEOJIUTOBEIX

ancop@mpymmmx MaTepmrnalax, IIpmeMJIEMEIX  IIJIA IIPVMMEHEHNMA B PpPaMKax



HaCcTOAmMETO M300peTeHusd, IpM OIpeleJIEHMM I[I0 MHTPY3UM PTYTHU
NpeuMylIeCTBEHHO HaxoOouTcd B uHTepBajie or 0,15 mo 0,50 cm® 1,
NpenrIouTUTEJIbEHO oT 0,20 oo 0,40 cm®-pt " HamuboJiee
OpeniIouTuTeJJbHO  OT 0,20 1mo 0,35 cm?-pt, npuyeM M3MepeHUd
OCYIIECTRBJIATCA IJIS alcopbMpyrnmero MaTepuala, B KOTOPOM IIO
MeHbIeM Mepe 90% NPOTMBOMOHOB 3aMelleHH KaJlbIMeEM.

[0033] [osga ofObeMa MakKpOoIIlop B ILI€OJIMTOBOM alCcopOupyoIleM
MaTepmale, [IpMeMJIEMOM  IJIA [IpVMMEeHEeHU A B  paMkKax HacToAmero
n3o0bpeTeHuUsa, IIPenlIouTUTeJIbHO cocTarjdeT oT 0,20 mo 1,00, ©OoJgee
npennoururesibHo oT 0,40 mo 0,80 m HamboJee TNIPeOlOUTUTEJIEHO OT

0,45 mo 0,65 obmero ofwremMa MaKpO— U Me30IoP, BRJOUAS TI'PaHUUHLHE

SHa4dueHMAd, InprnuemM MSMEepPpEeHNA OoOCymeCTBJIATCA IJIA eoJIMTOBOTI'O
ancopbupyrimero  MaTepuala, B KOTOpPOM IIO MeHbIEeM Mepe 90%

IIPOTUBOMOHOB 3aMelleHH KaJlbLMeM.

[0034] IleoMTOREHE aIcopbOupyKlMe MaTepMalibl, IIpMeMIIeEMBHE IJI4
IpMMeHeHMA B paMKax HacCTodllel'o MU300peTeHusa, WM3BECTHHE WM MOTYT
OLTEL I[IOJIYyUEeHE, MCXOOA U3 WU3BECTHHX CIOCOOO0OB, WM Xe ABJIAKTCSH
HOBEIMM ¥ B CHWUJIy DTOTO COCTABJAIT HEeOTBEMIEMyK UYacCThb HaCTOAMEI'O
n3o00peTeHUA.

[0035] CormJlacHO ele OOHOMY TIPEeOloUTHUTEJIbLHOMY BapMaHTy
OCYIEeCTBJIEHU A npu IpVYMeHeHUN infe) HacToAmeMy n300peTeHno
npegycMaTpUMBaeTCs VICIIOJIL 30BaHme LIEOJIMTOBOTO ancopbupyrmero
MaTepualsla, Ccomepxamero IO MeHbIeM Mepe OIMH Me30IOPUCTHEM LeoJIUT
Tuna A. Ionm "Me30HOpHUCTHM" 1eOoJIMTOM IIOHMMAT ILIeOoJIUT, oO6Jalalmmi
COBMECTHO C MMKPOIOPUCTOCTLIO, XapaKTepHOM IJiS CTPYKTYPH lLeoJiuTa,
BHYTPEHHUMHM TIIOJIOCTAMM HaHOMETPOBOTO pasMepa (Me30olIopUMCTOCTRI),
JIETKO MIOeHTUQULUPY € MEIMA npu HaOJmnIeH UM IoCcpelCcTBOM
IpOCBEeUMBAKMETO BJEeKTPOHHOTO MMKpockomna (IISM wWiIM [ODO—-aHTJIMMCKU
TEM) COOTBETCTBEeHHO, HalpuMmep, omnmcaHmio B US 7785563.

[0036] BoJiee TOUHO YKa3aHHBN LLeOJIUT A B 1Le0JIMTOBOM
amcopbupynlmeM MaTepuajle IOpelcTaBjigeT co0oM Me30INOPUCTHM LeoJIUT
A, TO eCcTb LeoJUT, objlajallKui BHeIHeM IOBepxXHOCTLI, OlIpeleJIeHHOM
crmocotom "t-plot", onmcaHHEM nmajiee, B wuHTepBaJe oT 40 no 400
M? 7! U mOpemnouTuTesbHO oT 60 mo 200 M?r!, BKJIOUAS T'PAHWUHBE
3HaueHMd. B mIMPOKOM CMECJIE, COIJIACHO HaCTOAmMEMY M300pPEeTEeHU

LEOJINT, "oTIMUanmmMyica OT Me30HIopucToro", IpencTaBysgeT cobomn
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HeoJIUT, objJajalmuii B Cclydae HeOoOXOOMMOCTM BHemHel [IOBEepPXHOCTLIO,
KOTOpad I[IpKM OlpeleJleHMM OIMCaHHEM Iajiee crocoboMm "t-plot" crTporo
MeHpme 40 Mm% -1pt,

[0037] B uyacTHOCTH, LEeOJIMTORBREE ancopdbupynlre MaTepualdl,
IpMEeMJIEMEIE IOJIA [IPMMEeHeHMsa B paMKax HacCTOoAmero u3o00peTeHusd,
comepXaT IIO MeHblleM Mepe OOMH LIeoJMT Tulla A, OpMUeM YKa3aHHHM 10
MeHbIeM Mepe OIMH ILeoJMT THulla A XapaKTepu3lyeTcsa COOTHOIEeHMEM
Si/Al, paBHEM 1,00 +/- 0,005, OpM STOM COOTHomeHMe Si/Al
OIIPEeNeJIanT CIOCOOOM TBEPOOTEJIBHOTO HAOEePHOT'O MAaTHMTHOT'O pPes30HaHca
(AMP) xpeMHMA 29 (AMP 2°Si) corsacHo crnocofaM, XOPOIO M3BeCTHEM
crieuMaJMcTaM B IaHHOM o0OJIaCTM TexXHUKU.

[0038] CooTHomeHMe Si/Al B KaxmooM M3 LEOJMTOB, COIEpXamMxCs
B aImcopbeHTe, ONpelelidlT TakXe CIOCOOOM TBephoTeJibHOTO SMP.

[0039] CormjlacHO TpPenlouTUTEeJIbHOMY BapMaHTy OCYIEeCTBJIIEHUA
LHeoJUuT A B LeOJUMTOBOM alcopbupyllleM MaTepualjie HaxXOIOUTCHd B BUIE
KpUCTAaJJIOB, CpelHeuMuCcJIOBOM oraMeTp KOTOPEHX, onpeneJleHHBM
[IOCPenCcTBOM CKaHUpyoImeIro BIJIEKTPOHHOTO MUKPOCKOIIa (CoM) ,
cocraBJygeT MeHbIe 20 MKM, OPEeOIOUYTUTEJIbHO HaxXOIMTCSA B MHTepBalle
oT 0,1 oo 20 MKM, [IPEeEVMYIIECTBEHHO oT 0,1 oo 10 MKM,
npenmnoururesbHo oT 0,5 mo 10 MxM M ©OoJee mOpeldnodruresibHO oT 0,5
OO0 5 MKM, BKJIOUAd I'PDAaHMUHBEE 3HAUEHUS.

[0040] CormJlacHO ele OOHOMY TIPEeNloUTHUTEJIbLHOMY BapMaHTy
OCYMEeCTRBJIEHMUS LeOJIMTOBRHM amcopdbupyoluy MaTeprall COIOePXMT IO
MeHbIlel Mepe OOMH KaTMOH, BHOPAaHHEM M3 MOHOB Ipymnn IA, IIA,
ITIA, IB, IIB, ITIB [leproImMyecKoOm CUCTEMEHI BJIEMEHTOR,
TPpeXBaJIEeHTHHX MOHOB M3 IMOATPYIINHE JIAHTAHOMIOB WMIM PelKOo3eMeJIbHEX
2JIEMEHTOB, MOHa uLMHKa (II), wmoHa cepebpa (I), wmoHa wMenu (II),
MoHa xpoma (III), wmoHa xejiesa (III), ™MOHa aMMOHMA W/WUIM MOHAa
TUOPOKCOHUA, opuueM OPeOlIoUTUTEeJILHEIMM  MOHaMM  SABJIAITCS  MOHEH
KaJlbliMg, JUTHUA, HaTpudad, kKaausa, O0apusa, Le3UMd, CTPOHLUMSA, LIMHKa U
PEOKO3eMEJIBLHEX 2JIEMEHTOB WM 0oJiee TIPeNloUTUTEJNIEHO MOHH HaTpPUA,
KaJlblIMAa M KaJlusg, M MX CMecen.

[0041] CorJlacHO HacToglueMy n300peTeHNO LeOJIMTOBEIE
ancopbupyrmMe MaTepMallHl, ONMCaHHHE paHee, ABJIAKTCSA HamboJee
[IPeOlNouTUTEJIBHO IPpUEMIIEMEMM ¥ 3QOeKTUBHEMM B crlocobax pas3lelIeHUsd

U/ MM CYymKM B Tas30BoM dase, IOPedlouTUTeJILHO B cIocobax C



11

IepeMeHHEIM JOaBJIeHMeM, TaKKMX KaK CHOocoOe Tuna PSA wim VSA, WK
VPSA, mim RPSA, miam TSA u/uiam B crnocobax Tumna PTSA.

[0042] BoJjiee TOUHO HacTodllee M300peTeHMe OTHOCUTCA K
IpUMeHeHU I[I0 MeHblIleM Mepe OIHOTO IeOJIMTOBOTO alcopbupyKomero
MaTepuaja, cCcomepXxamero IO MeHbIeM Mepe OOMH LeoJUT Tula A,
ONMCAaHHHM paHee, B crnocobe CymKM U/MUIM pasmgesieHMsS Tas30B,
Has3EBaeMoOM B 0oJjiee of0meM cJjiydae InpocTo "pasnejieHue r1az3op". Ilon
pasiejleHMeM T'a30B I[IOHUMMaKT  CYIKY, OUMCTKY, IpelBapuUTeNIbEHYI
OUUCTKY, yhaJjleHre ¥ IOpyI'Me BapMaHTHE OTIOEJIEHMS  OOHOTO  WMJIMU
HECKOJIbKMX Tas000pa3HHX COeOMHEeHMM, COOepXalMxXCad B CMeCHu C OIHUM
VI HEeCKOJIbKMMA rasoo0pasHEIMU COEeOMHEHMAMN . B OoJiee
CIIeMPUUIECKOM acrieKkTe rnon "cymrom" [IOHMMAaKT CeJIEKTUBHOE
yJaBJIMBaHMeE ancopbumnen LeOJIMTOBEIM ancopOUpPYyRILMM MaTeprajioM
MOJIEKYJI BOIBE, cCoIepXamuMxcs B Tas0BoM cpene. TakuMm oBpasoMm,
TepMrH "cymka" B HacToOAmEeM OINMCaHMM [OoANanaeT I[IOoL OolpelelleHue
TepMMuHa "oTnmeJsieHue", npuueM TepMuH "cymka'" cienyeT IIOHMMATh Kak
oTHeJieHrMe OT Ta3000pa3HoM cpelb MOJIeKyJ BOMOHE, COIEPXaBIUXCS B
yKasaHHBEM Tasoobpas3HOoM cpene.

[0043] CorJlacHO [IPenrnouTUTEJIbLHOMY BapMaHTy HacToAmeIro
n300peTeHna L eoJIMTOBEE aOcopbupyomue MaTepuallkl, IpueMJIeMBe IIJIS
IpMMeHeHMSa TIIPpM Cylke ¥ OUMCTKe T'a30B, IpencTaBJgioT cobon
MaTepMaJltl, KOTOpPHE O0O0OyCJaBIMBAKT MaJlble I[IOTepr HaBJIeHUS WK

IoTepm OaBJIeHWA, IIprmeMJIeMEIe IJIA YKa3aHHEX PaHee BapMaHTOB

IpMMeHeHNUd .
[0044] TaxkmMm obpasoM, NPEenIouTUTeJIbHEMA ABJIAITCHA
aTJIOMepPMPOBaHHEE " cOOpPMOBaAHHEE 1L1eOJIMTOBEIE ancopbupyomye

MaTepMaJitl, I[IOJIYYeHHHEe JIOHMM croco®amMi, M3BECTHEMU CleluaJiucTaM
B IaHHOW o06JacTM TexXHMKM, TaKMMU KaK DSKCTPpY3Usa, CIpecCOBHBaHUE,
anJoMepalums Ha TapeJIKe—-TpPaHyJIaATope, B BapabaHe-TpaHyJIaATOpE,
aToMM3alMa M OPYyTMe CIOCOOH. IIpUMMeHSeMBHEe COOTHOIEHUS CBA3YKIETO
BEMEeCTBa, VICIIOJIE 3YEMOTO nJis anJioMepalmnu, M  LEeOoJIMTOB, Kak
IPaBUJIO, COOTBETCTBYIT COOTHOMEHMAM, IIPMHATEM Ha [IPeIlleCTBYKIeEM
YPOBHE TexXHUKM, TO €CTh COOTBETCTBYKT MHTepBaJlaM oT 5 po 30
MAaCCOBEX UYacCTelM CBE3yomer'o BemecTBa M oT 95 mo 70 MacCOBHX
yacTel lLeoJuTa.

[0045] 1IeoJMTOBHM aIcopdOMpymUi MaTepualtl, IpUeMIeMBl IJig
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IIPMMEeHeHM B pPaMKaxX HaCTo4dmeIro M300peTeHMsd, He3aBUCKMMO OT TOTO,
HaxoOUTCHd JIM OH B (QOpMEe MapuUKOB, BKCTPYOMPOBAHHEIX 32JIEMEHTOB WJIM
B IOpyIux ¢opMax, B oOmeM Cclydae XapaKTepusyeTCcHd CpelHeOoOBeEMHHBM
oIaMeTpoM UYacTUL WIM MX CcpedHeM OJIMHOM (HauOoJIbIMM pPa3MepoM,
ecJM dYacTHUIE MaTepMualla He UMMelT chepuueckor OGOpPMH), 3HaueHUe
KOTOPHX MeEeHBIIE WJIM pPaBHO 7 MM UM TIPEeNINOUTUTEJIBHO HaXOOUTCS B
uHTeppasge or 0,05 mo 7 MM, OoJjiee mnpenmnoutrmuresibHo oT 0,2 mo 5,0
MM M HamboJiee IMpennodruTresibHOo oT 0,2 mo 2,5 MM.

[0046] I1leosuTOBHE alcopbupyKlMe MaTepMalibl, IIPUEMIIEMEE B
KOHTEeKCTe HacTOoAmWEeTo n3obpeTeHuUd, VIMET, KpoMe TOTO,
MexXaHMUeCcKMe CBOMCTBA, B HauOOJIbIIEM CTelleHM COOTBETCTBYyKIME
BapMaHTaM IIpUMeHeHUs, IJI4 KOTOPHX OHU IIpedHa3HaueHB, TO eCThb:

- COIpPOTHBRJIEHME pa3l3pylleHMio B cJjoe (REL), omopenejeHHOe IIO
craHmapTy ASTM 7084-04, B MHTepBaje oT 0,5 mo 3 Mla wu
npennouruTengsHo oT 0,75 mo 2,5 Mlla mjda MaTepuala C dYacTHULaMM CO
cpenHeo®BbeMHEIM IuaMeTpoM (Dso) WMIM OJAMHOM (HauBOJIbIMM pa3MepoM,
ecyIM 4YacTHUIH MaTepualJa He UMelnT cboeprueckor OGOpPME) MeHblle 1 MM,
BKJIOUAA TI'pPaHUUHHE 33HAUEHUS;

- COIPOTMRJIEHME pal3pylleHuMi B T'paHyJlax, oOlIpenesjIeHHOe IIO
craHmapTaM ASTM D 4179 (2011) m ASTM D 6175 (2013), B uMHTepBale
or 0,5 mo 30 maH m mpepnouTuTeJsibHO OoT 1 nmo 20 maH mis MaTepuada
C yYacTHulaMmM  CO CpenHeOOBEMHEIM  IOMaMeTPOM (Dsg) WIM  OJIMHOM
(HamBoJIbmUM pasMepoM, ecJun YaCTHULE MaTepuaja He MEenT
cbhepuuecko¥ GOPMH), 3HaueHMEe KOTOPHX IIPEBHIMAET WMJIM PaBHO 1 MM,

BRJIKUaAA T'PaHMUHEIE 3SHa4YeHMA.

[0047] CorJjiacHO opyromy NPEennouTUTEeJIEHOMY BapMaHTy
OCyMeCTRBJICHU S npu IpVYMeHeHUN 10 HaCcToOAIeMy n300peTeHnn
npenycMaTpUMBaeTCs VCIIOJIbL 30BaHue 10 MeHbIIen Mepe OIOHOTO
LIEOJIMTOBOTO ancopbupyrmero MaTepuaa, oBJaganmero BHICOKOM

00BLeMHOM amcopBIMOHHOM CIOCOOHOCTBIO, TO eCTb YIeJLHBEM OOLEeMOM
MMKPOIIOP, BHPaXeHHHM B CM° Ha CM° ancopfupyomero MmaTepralia, B
KOTOPOM II0 MeHblel Mepe 90% OPOTMBOMOHOB 3aMeleHb KaJblueM,
npryeM YKa3aHHE YIOEJLHEN oOLeM MUKpoIop npeswsmaer 0,01 cm®-cMm 3,
IperMyIeCTBEeHHO [IpeBHIaeT 0,02 cm® eMm 3, IpPennouYTUTEJILHO
npeeesmaer 0,03 cM®-cm 3, OoJjlee MNPEOIOUTUTEIILHO OpeBwmaeT 0,04

cM®-cM P U eme BoJjlee MNPeNNoUuTUTeNIbHO npebemaeT 0,05 cm®-cm 3.
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[0048] CorJlacHO eme OIOHOMYy BapMaHTy OCYIEeCTBJIEHUS IIPU
IpYMeHeHUN 1o HaCTOAIEMY n300peTeHND NIPennouyTUTEJIBHO
npenycMaTpMBaeTCs VICIIOJIE 30BaHue 1o MeHbIIen Mepe OIOHOTO
IIECJIMTORBOTO aIcopbMpyKRIero MaTepuala, MMERIEero IIOTepu IIOoCJIe
npokKaJMBaHusg, onpenejieHHele npu 950°C no craHmapTy NF EN 196-2, B
MHTepBajie oT 0 mo 5% M OpennodTmUTesIbHO OT O mOo 3 Macc.$

[0049] HacrTosamee m300peTeHMe MIPEOIOUYTUTEJIEHO OTHOCUTCH K
IpUMeHeHU I[I0 MeHbIley Mepe OIHOTO IEeOJIMTOBOTO alcopbupyKmero
MaTepMalyla, OIPeleJIEeHHOT'O paHee, IJIS CYIKM KPeKUMHI-Ta30B. TepMuUH
"KpeKMHI'-T'a3bl" O3HadvaeT Ta3H, IOJIydeHHEEe KPEeKMHIOM (HallpuMep,
[IapOBEIM PUOOPMMHIOM, KaTaJUTUUECKMM KPEeKMHIOM, KaTaJIMTUUIeCKOMN
OerMoporeHr3alMe ¥ OPYyTUMMM CcHocof®aMM) YIJIEBOOOPOIHOTO CHPLSA IpU
BHICOKOM TeMepaType (> 350°C), mnpuueM yKasaHHOe CHpPbe MOXeT,
HalpuMep ¥ HeOoTpaHMUMTEJILHEIM o00pas3oM, OIpelcTaBiadaTb cobdow CHT,
»TaH, JUTPOMH, Tas0WiIb, BaKyyMHHM IUCTUIJIAT U IPyToe CHpbLeEe.
CrnocoBel TSA 4BJIARTCA Hambojiee NPEeNIOUTUTEJIBHO IIPMEeMJIEMEIMM B STHUX
BapMaHTax I[IpMMeHeHUA IJIA CYUIKM KPeKMHI-T'a30B. B »TUX BapMaHTax
NIpenlIouTUTEeJIbHEM SABJISETCS I[IPMMeHeHMe aIcopdbupyllrx MaTepralioB,
comepxamyx IO MeHbIleM Mepe OOMH OIPedlouTUTEJIBHO MEe30IIOPUCTHIM
neoJuT 3A.

[0050] B DTUX BapMaHTax NIpYMeHeHU I NpeninouTUTeJIbHEM
ABJISETCA LEeOJIMTOBHM amcopdbupyoluy MaTepualJl, UYacTULE KOTOPOTIO
VMEeT CpeIHeOoOBLeMHE IMaMeTp (MM HauboJblyid IJMHY) B MHTepBale
or 0,5 mo 7,0 wmM, nOpemnodyruresgbHOo oT 1,0 mo 7,0 MM um OoJee
npenmnouTrTmTesibHO oT 1,5 mo 7,0 MM, BKJIKOUYad I'PaHMUHBEE 3HaAUEHWUS.

[0051] CorJyilacHO »OpyI'OMy BapuMaHTy OCYIEeCTBJIEHMS HacCTodlee
n3obpeTeHre OTHOCHUTCS K IOIPMMEeHeHMI0 II0 MeHblleM Mepe OIOHOTO
IIEOJIMTORBOTO alcopbupyKmero MaTepuala, OIpeneJIeHHOT'O paHee, IJIA
CYWKM W/MIM pasmgelleHrMs TeKyurx XJjagaTeHToB, B uYacTHocTu HFC wu
HFO, Takumx kak, HalIpMMEP M HeOoT'paHMUMTeJIbHEM oOpaszsom, 1,1,1,2-
TeTpadToOp®TaH, 2,3,3,3-TeTpadToplIpPOlleH U  OpyIHUe COenouHEeHu4d,
TakMe KakK, HalpyMep, CoeIMHeHMd, YyKasaHHEe B WO 2007/144632.
CriocoBel TSA 4BJAK0TCA HauboOJIee NPEenOlIoOUTUTEJIbHO MIPMEMIIEMBEIMM B 3STUX
BapMaHTax IIPMMEHEeHMSA OJS CyMKM TeKyuux XJlagarleHTOB. B 3THUX

BapMmaHTax IIpenoriouyTrTeJIb HEIM ABJIAETCA IIPVMMEeHEHNV e ancop@mpyzommx
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MaTepraJyioB, coIepXamMx I[I0 MeHblle Mepe OIMH NIPeOlouTUTesILHO
Me3OIOPUCTHEY LeoJUT A, BHOpaHHEM U3 LeoJuToB 3A, 4A, LA u ux
cMecen.

[0052] B DTUX BapMaHTax NpYMeHeHU I NpenllouTUTeJIbHEM
ABJIAEeTCA LEeOJIMTOBHM amcopdbMUpylommy MaTepualJ, YacTULUE KOTOPOTO
VMEIT CpeIHeOoOBeMHEM IMaMeTp (MaM HauOoJblyld IJMHY) B MHTepBale
or 0,3 mo 7,0 wmM, npemnnodyruresgsHo oT 0,8 mo 5,0 MM m BoJiee
npenmnourmuresibHo oT 1,0 mo 4,0 MM, BKIKUYasd I'PaHMUHBEE 3HaUEHWUSA.

[0053] CorJyilacHO HOpyI'OMy BapuaHTy OCYIECTBJIEHMSA HacCToMdlee
nzobpeTeHre OTHOCUTCSA K IIPMMEeHEeHMI0 IIO0 MeHbIlel Mepe OIHOTO
LIEOJIMTORBOTO ancopdbupynlero MaTepuala, OIpemesJIeHHOT'O paHee, IJiA
CYIKHA CIOUPTOR, IpenrnouyTUTeJIbHO TaHoJa, NIpenllouTUTEeJIbHO
criocobaMm C  IIepPeMeHHEM OaBJIeHUU (PSA) . B osTMX BapmaHTax
NIPenllouTUTEeJIbHEM SBJIAEeTCA I[IPMMeHeHMe alcopfUpynlux MaTepralioB,
comepXxamux IO MeHbIlel Mepe OIMH MNIPeOlouTUTEJILHO Me30IIOPUC TN
neosuT 3A.

[0054] B STUX BapMaHTax [IpUMeHeHU D NIPenroYTUTEJIbHEM
ABRJISETCA LEeOJIMTOBHIM amcopfupyoluy MaTepualJl, UYacTULE KOTOPOTO
VMET CpeIHeOOBEeMHEI IMaMeTp (MM HauboJIblyid IJMHY) B MHTepBale
or 0,3 mo 7,0 wmMm, nOpempnoururegbHO oT 0,8 mo 5,0 MM m OoJee
npenmnourTmuresibHO oT 2,0 mo 5,0 MM, BKJIKOUad I'PaHMUHBEE 3HaAUEHWU.

[0055] CorJjlacHO »OpyI'OMy BapMaHTy OCYIeCcTBJIEHMS HacTodlee
nzobpeTeHre OTHOCHUTCS K IIPMMEeHEeHMI0 II0 MeHblleM Mepe OIOHOTO
LIEOJIMTOBOTO ancopbupylmero MaTepuala, OIpemeJJeHHOT'O paHee, IJA
CYWKU U/UIY pas3nelieHVsa BO3Oyxa ¥ IPOMHENUJIEHHHX T'a30B. CHocoOn TSA
ABJIAKTCA HauboJiee MNPEenOlIoUuTUTEJIbHO IIPpUEeMJIEMEIMM B D2TUMX BapuaHTax
IpMMeHeHMsa HOJId CYIKM BO3OyxXa ¥ I[IPOMBIIJIEHHEIX Ta30B. B 3THUX
BapMaHTax [OPeldlloOUTUTEJIbHEM SBJISEeTCHA IIPUMMEeHeHMe  alCopOUpYyRMIMX
MaTepMraJyioB, coIepXamMx I[I0 MeHbllel Mepe OIMH [IPeIOloUuTUTeJILHO
MEe3OIOPUCTHEY LeOoJUT A, BHOpaHHEM U3 LeoJMToB 3A, 4A, LA u ux
cMecen.

[0056] IlpennouTMUTEJIEHO MHTEPECHEM SABJISAETCH pas3leliIeHMe asz30Ta
¥  KHCJOpOHa BO3Oyxa crnocotoM PSA wmim  VPSA ¢ OpUMeHEeHUEM
IIEOJIMTORBOTO aIcopbMpyrRmero MaTepuala, OTIPeNEeJIEHHOTO pPaHee U
comepxamero IO MeHbIeM Mepe OIMH IIPeOloUTUTENILHO Me30II0OPUCTHMA

LeoJmT bHA.
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[0057] B DTUX BapMaHTax NIpYMeHeHU I NpenilouTUTeJIbHEM
ABJIAEeTCA LEeOJIMTOBHM amcopdbMUMpyomMy MaTepualJ, YacTULE KOTOPOTO
VMeIT CcpeIHeOoOBLeMHEM IMaMeTp (MiaM HauOoJblyld IJMHY) B MHTepBale
or 0,3 mo 7,0 wmM, npennouyruresgsrHo oT 0,8 mo 5,0 MM m OBoJiee
npenmnourmuresibHo oT 1,0 mo 5,0 MM, BKIKUYasd I'PaHMUHBEE 3HaAUEHWUSA.

[0058] CorJyilacHO HOpyI'OMy BapuaHTy OCYIECTBJIEHMSA HaCTOdlee
nzobpeTeHre OTHOCUTCSA K IIPMMEeHeHMI0 IIO0 MeHbllel Mepe OIHOTO
LIEOJIMTORBOTO ancopbupyrlero MaTepualla, OIpemesJIeHHOTI'O paHee, IJiA
OUUCTKHA OJIEQMHOR, B YaCTHOCTHA IoJIA yIoaJleHu s opuMece,
OPenrnouTUTEJIbHO IJIS yIaJIeHMS KUCIOPOIOCOoIepXalux IIpuMecer u BoJiee
NPenllouTUTEeJIbHO IJIA yIOaJleHMsa MeTaHoJla, [IPellloUTUTEeJIbHO ClocofaMu
ancopbumum  TSA. B o5TMx BapMaHTax IIPEeOlIoOuTUTEJIEHEIM  ABJIAETCHA
IpVMeHeHM e alcopfupyllrx MaTepualloB, CcoIepXallx I10 MeHbIel Mepe
OOVH TPenIouTUTEeJIbHO  MEe3O0IMOPUCTHM  LeoJuT A, BHIOPAHHEM U3
neoJmuToB 3A, 4A, L5A U UX CMecel, IIpPedlouTUTeJIbHO M3 LeoJIMTOB 3A,
4A U UX CMeceM.

[0059] B STUX BapraHTax [IpUMeHeHU D NIPenroYTUTEJIbHEM
ABRJISETCA LEeOJIMTOBHIM amcopfupyoluy MaTepualJl, UYacTULE KOTOPOTO
VMET CpeIHeOOBEeMHEI IMaMeTp (MM HauboJIblyid IJMHY) B MHTepBale
or 0,3 mo 7,0 wmMm, nOpempnoururegbHO oT 0,8 mo 5,0 MM m OoJee
npenmnoururesibHO oT 2,0 mo 4,0 MM, BKJKOUYad I'PaHMUHEE 3HaAUEHMU.

[0060] CorJjilacHO »OpyI'OMy BapMaHTy OCYmeCcTBJIEHMS HacTodlee
nzobpeTeHre OTHOCHUTCS K IIPMMEeHEeHMI0 II0 MeHblleM Mepe OIOHOTO
LIEOJIMTOBOTO ancopbupylmero MaTepuala, OIpemeJJeHHOT'O paHee, IJA
CYIKM M/UJIM PasielleHud IPUPOIHOTO Tas3a, B YaCTHOCTHM OJIS yIOaJleHUd
opuMece¥ u OPedlouTHUTEeJIbHO JIS YyIaJleHusda OMOoKCUIa yIJlepona,
TUIPOCYJILOUOOB W/MJIM JIeTKUMX MepKalTaHOB (C  OOHMM WM IBYMA
aToMaMuM yoJjiepona: C.SH, C,SH), IpenrIouTUTEeJIEHO criocobamm
ancopbumm TSA, PSA wmimm PTSA. B »TUX BapMaHTax IIPEeOlIoUYTUTEJIbLHEM
ABJIAETCA [IPMMeHeHMe alcopOMpylnlMx MaTepualloB, comepXammx  II0
MeHbllet  Mepe OOVH TPenlIouTUTEeJSIbHO  MEeS3OIOPUMCTHM  LeoJuT A,
BHOpPAaHHHM M3 LeoJuToB 3A, 4A, 5A UM UX CMecen.

[0061] B DTUX BapMaHTax NIpYMEeHEeHU g OIpenilouTUTeJIbHEM
ABJIAEeTCA LEeOJMTOBHM amcopdbupyomMy MaTepualJl, UYacTULE KOTOPOTO
VMeIT CcpeIHeoOBLeMHEM IMaMeTp (MiIM HauOoJblyld IJMHY) B MHTepBale

or 0,3 mo 7,0 wmM, npemnnouyruredsHo oT 0,8 mo 5,0 MM m OoJiee
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npenmnourmurelibHo oT 2,0 mo 5,0 MM, BKIIKOUYasd I'PaHMUHBEE 3HaAUEHWSA.

[0062] CorJyilacHO HOpyI'OMy BapuaHTy OCYIECTBJIEHMSA HaCToOdlee
nzobpeTeHre OTHOCUTCSA K IIPMMEeHeHMI0 II0 MeHblleM Mepe OIHOTO
IIEOJIMTORBOTO alcopbupyKlero MaTepualla, OIpenesJIeHHOT'O paHee, IJIA
pasieJleHna napadmHOB, [IpenrnouYyTUTEeJIbHO B TasoBOMU dbaze,
NpenlnouTUTeJIbHO  crnocobamm  ancoplOumm  TSA. B o5THMX BapMaHTax
NPenlIoOUTUTEJIbHEM SBJIAETCA I[IPMMEeHeHMe alcopfMpyrlux MaTepHralioB,
comepXamux TIIO MeHbIeM Mepe OIOMH OPEedlouTUTEJIBHO Me30MI0PUCTHMA
neoJmT bLA.

[0063] B DTUX BapMaHTax NpMMeHeHNU I NpenlilouTUTeJIbHEM
ABJIAETCA LEeOJIMTOBHM ancopbMpylluy MaTepuals, 4YacTULE KOTOPOTIO
VMMEIT CpeIHeOOBEeMHEM IMaMeTp (MiaM HauOoJblyld IJMHY) B MHTepBalJe
or 0,3 mo 7,0 ™M, npemnoutmurTesrHo oT 0,8 mo 5,0 Mm m OoJee
opennouTruTesbHo oT 2,0 mo 5,0 MM, BKJOUaAd T'PaHUUHEE 3HAUYEHMA.

[0064] CorjacHO IOpyI'OMy BapMaHTy OCYHMEeCTBJIEHMSA HacTosdlee
nzobpeTeHrMe OTHOCUTCSA K IPUMMEHEeHMI0 I[I0 MeHblel Mepe OIHOTO
LEeOJIMTORBOTO ancopdbupynmero MaTepualsa, OIpeleJIeHHOTO paHee, IJiA
CYmWKM U/UIM OUMCTKM CHHTe3-Tas3a. IllpyuMep crnocofa OUMCTKU CHUHTEe3-—
Taza ommcaH B EP 1312406. CuHTe3-Ta3, pacCMaTpMBaeMBlM B IaHHOM
ciydae, OPellouTHUTEJILHO IMIpelcTaBJjisgseT coboM CHMHTe3-I'a3 Ha OCHOBe
BOIOPOIa M MOHOOKCHUIa YIJlepoma M/MiIXM Bomopoma M as3oTa (CHUHTes-—
ras IOJA TIPOMBBOIOCTBa BoIOopoma) M 0oJiee MIPenlouTUTeJIbHO CMeCU
BOIOpPOIoa M MOHOOKCHUIA yIJlepola /MM BOOOPOIa M asoTa, IpudeM
CHMHTe3-Tas3, KpoMe TOTO, MOXEeT COoIepXaTb WJIM BKJIOUATL B KaudeCTBe
3arpA3HeHMa OMOKCHI YyIJIepoda M OIOHY WM HECKOJIBKO BO3MOXHEIX
IpyIUx  IOpuMecemn, TaKMX KakK, HalpvMMep ¥  HeOoT'PaHUUYUTEJIbLHBEM
obpasoM, OIOHY MJIM HEeCKOJIbLKO IpuMecel, BHOpaHHHX M3 asoTa,
MOHOOKCHIA ynJiepona, KMCJIopona, aMMMaxa, YTJIEBOOOPOIOORB u
KUCJIOPOONPOMU3BOOHEIX COeOMHeHUM, B UYaCTHOCTM aJIKkaHb, B UYaCTHOCTHU
MeTaH, CIMWPTE, B YaCTHOCTM METAHOJI, M IpyI'Hue MIPpMMeCH.

[0065] TakuMm  oOpazoM, [IpMMeHeHNE COTJIaCHO HacTodmeMy
nz3obpeTeHU HauboJiee MPEeAalouYTUTEJSIEHO IIPUEeMIIEMO OJS yIaJleHUS
asoTa, MOHOOKCHUIa YyIJUlepola, IMOKCHIa YyIJlepolla, MeTaHa U JIpYyIux
opuMecey OpedlouTHUTeJIbHO chnocobaMu ajcopbumy OpU IepeMeHHOM
OIaBJIEHUU (PSA) OJ4d I[IpOM3BOINCTEBa Bomopola. B 3TMxX BapuaHTax

IIPVMMEeHEeHNM A IIPeOIIOUTMTEJIEHEIMYM ABJIARTCA ancopémpyzomme MaTepHralJlkl,



17

comepxamye IO MeHbIeM Mepe OOMH OPedlouTUTEJIbHO Me30II0OPUCTHMA
HeoJIUT A, BHOpPaHHEM M3 LeoJUTOB 3A, 4A, LA U uMX CcMecemn.

[0066] B DTUX BapMaHTax NIpYMeHeHU I NpenilouTUTeJIbHEM
ABJISeTCA LEeOJIMTOBHM amcopdbMUpyommy MaTepualJ, YacTULE KOTOPOTO
VMeIT CpeIHeOoOBeMHEM IMaMeTp (MaM HauOoJblyld IJMHY) B MHTepBale
or 0,3 mo 7,0 wmM, npemnnouyruresgsHo oT 0,8 mo 5,0 MM m BOoJiee
npenmnourmuresibHo oT 1,0 mo 3,0 MM, BKIKUYasd I'PaHMUHBEE 3HaAUEHMSA.

[0067] ComylacHO IOpyTroMy BapMaHTy HacTodllee M300peTeHUe
OTHOCUTCH K LIEOJIMTOBOMY ancopbupyrieMy MaTepmraly,
XapaKTepmn3ypoleMyCH

- COOTHOIIEHMEM Si/Al B YKas3aHHOM ancopbeHTe,

COOTBETCTBYKIKYM HepabBeHcTBamM 1,0 < Si/Al < 2,0, OpednodTUTEJIbLHO

1,0 < 8Si/Al < 1,6 u GoJyee mnpenmnoururespbHo 1 < Si/Al < 1,4;

- ob6BbeMOM Me30mop B wuHTepBajle or 0,07 mo 0,18 cMm®-r0l,
npennoururesbHo oT 0,10 mo 0,18 cm®:r7!, 6ojsiee NPemmoOUTUTENLEHO OT
0,12 mo 0,18 cM®r ! m Haubojsee mpemnourTuresbHo oT 0,14 mo 0,18
cM® r7l, BrIOUAS TIpaHMUHLHE SHaueHWd;

- cooTHomeHueM (Viyicro — Vmeso) /Vmicro B MHTepBajie oT -0,3 mo
1,0, He BrJOUaAA TPaHMUHBEE 3HaueHMHd, IOpeuMymecTBeHHO oT -0,1 @mo
0,9, He BKJW0Uaa TPaHMUHHE 3HaueHMHd, OpexnnourTmuresbHo oT O mo 0,9,
He BKJIOUasa TI'PaHMUHBEE 3HaueHMsa, OoJiee OpennodruTesibHO oT 0,2 @Oo
0,8, He BKJKNUafA TI'pPaHUUHLHE 33HaUeHUsd, eme 0oJiee NPpeldloUTUTEeJIbHO OT
0,4 oo 0,8, He BKJIOUA 4 TPaHMUHEE 3HAUEHUS, u HauboJlee
npenmnourureJibHO oT 0,6 pmo 0,8, He BKJIKOYaAd TI'PaHMUHBEE 3HAUYEHUS,
roe  Vipiero ompeneJyieHO criocobtbomMm JyOmMHMHa-PanymkeBUUa, a  Vieso
omnpenesyieHO crnocodoM BJH;

- comepxaHMeM OoTJIMUapmelcda oOT LeoJiMTa O(pakluu (PNZ) ,
COOTBEeTCTBYKIMM HepaBeHcTBaM 0 < PNZ < 30%, mOpenmnourTmTesIbHO 3 <

PNZ < 25%, OoJee mnpempnouruTesibHO 3 < PNZ < 20%, HOpeMMylleCTBEHHO 5

< PNZ < 20% wm Haubojee mnpennoururesisHo /7 < PNZ < 18% 1mpu
onpenejyieHru crnocodtoM PCA B MaCCOBBEX IIPOLEHTaxX I[IO0 OTHOUWEHMD K
ofmeN Macce LeOJIMTOBOTO ancopbMpyKmeIl'o MaTepuala;

IpruyueM KOMILJIEKC WM3MEepeHUM OCYMeCTBJISAeTCa IJS LeOJIUTOBOTO
ancopbupynmero  MaTepuala, B KOTOpPOM IIO MeHBIEW Mepe 90%

IIPOTHMBEOMOHOB 3aMeElleHEl KaJlbIIMeEM.
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[0068] 1leONMUMTORBRHM amCOpOMpPYKIIMM MaTeprall [IO HacCToAlleMy
n300peTeHMD, OINpeOeJIEHHEM paHee, IpeIcTaBJfgeT cobol MaTepuall,
HOBM3Ha KOTOPOTO COCTOMT B TOM, UYTO OH I[IpPencTaBJigeT cobon
pe3yJybTarT arJjioMepalumnum co CBA3YKIMM  BelleCTBOM, aHaJIOTUYHEM
ONMCaHHOMY Iajiee, TIIO MeHBIIeW Mepe OINHOTO Me30IOPUCTOTO LeoJMuTa
A, T©pM BTOM TepMMH "Me30HNOPUCTHM", yXe OINpedeJIeHHHM paHee,
O3HavaeT LEeOJInT, ofblajanmuil  COBMECTHO C  MMKPOIIOPUCTOCTHIO,
XapakKTepHOU s CTPYKTYPH HeoJmTa, BHYTPEHHVMU IOJIOCT AMU
HaAHOMETPOBOTO pas3Mepa (Me30HOPUCTOCTBI), JEeTKO UIOSHTUOULIUPYEMEMA
npu HabJooe UM IIOCPEnCTBOM IIPOCBEUMBAKIIETO BIIEKTPOHHOTO
MUKpOCKoNa (II8M wmiam no-aHTJmicku TEM) COOTBETCTBEHHO, HaIpPUMEP,
ommcaHun B US 7785563,

[0069] BoJiee TOUHO  LEOJIMTOBHM  alcopdupylommi  MaTepuall
COOEPXUT II0 MeHblleM Mepe OAOMH Me30IOPUCTHM LeoJMT A, TO eCTb
HeosuT, ob6Jamapmel BHEMHEM I[IOBEPXHOCTHIO, OIpeldelJIeHHOM OIMCaHHEM
majlee crnocobom "t-plot", B wuHTepBase oT 40 mo 400 wMPrmt wum
npennouTuTeSlbHo oT 60 mo 200 M? 1!, Br/IOUAS TPaHMUHLIE 3HAUEHUS.

[0070] KpomMe TOTO, LEOJUTORBHM amcopdbupyimmi MaTeprall IIo
HacTodmeMy M300peTeHMId COOEePXUT I[I0 MeHbIleM Mepe OOMH MeTalll,
BHIOpPaHHBM M3 KajJusa, HaTpudg, KaJbluMa M CMeceM U3 IBYX WK
HEeCKOJIbKMX B2TUX MeTaJlJIOB, MNPeAlouYTUTEJILHO IOBa MeTaJlJla, BHOpaHHHE
13 Kajdusa, HaTpud M KajJblud.

[0071] DOTu xXapaKTepUCTUKM OeJlalT ILeOoJIMTOBEM alcopOupylmmi
Martepmrall I[IO0 HacCTosAlleMy M300peTeHMK OCODEeHHO I[IpMeMJIeMBIM  IJIs
00paboTkM TI'a30B COOTBETCTBEHHO WM3JIOXKEHHOMY paHee B HaCTOAIlEM
ONMCaHUU .

[0072] 1IeONMUTOBRHM ancopOMpyKIMM MaTeprall IO HacCToAleMy
n300peTeHND MOXeT HaxXOIUTHLCH B JTIOOBIX bopmax, V3BECTHEIX
crnelMaJgmMcTaM B IOaHHOM O0B0JlacTM TexXHUKM, U [OPeOlNOUYTUTEJILHO B
IPOCTHX TeOMeTpUUuecKMUx oGopMax, TO eCTb B (QopMe TIpaHyJl, HalpuUMep,
THUIIa MapUKOB W najiouex, TO eCcThb B cheprueckux NI
UUJIMHOIPUYECKUX bopmax COOTBETCTBEHHO. Takve  [IPOCTHE dbopme
ABJIATCA Haubojiee TIPEeNNoUTUTEJIEHO [IpUMeMJIEMBEMM, I[IOCKOJIBKY OHU
JIeTKO Ppealu3yonTCcsa, B UYaCTHOCTM, IO I[IPUUYMHE CBOeM (QOPMH U
PasMepoBR, COBMECTMMHX C CYINEeCTBYKMUMM TexXHOJOTHUAMM. KpoMmMe TOTO,

STM TIIPOCTEIE (]_)Ophﬂ::l OeJjialnT IIpVMMeHAEeMEIe CIIOCOOEL MaJIOSHepPI'OeMKVMNM ,
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opuyeM LeOoJIMTOBEM amdcopdbupyommi MaTepuall ofycilaBJIMBaeT MaJible
[IOTEPHU naBJIeHU S n oBJjamaeT YITIydlne HHEIM/ XapaKTepUuCTUKaMU
MaCCOIIEpeHoOCa.

[0073] 1LeOJMUTORBRHM aOCOpOMPYKIMM MaTeprall IO HacCTodAlleMy
N300peTeHN MOXeT OBITH [1IOJIy4YeH JIIOOBEIM criocodbomM, M3BECTHBEM
creumaancTam B OaHHOM oBJjlacTu TEeXHUKH, u OCOBEeHHO u
NIpennouyTUTEeJIBHO, ucxomda w3 crnocoba IIOJYUYeHUS  Me30IOpPUCTOTO
lleosiMTa A COOTBEeTCTBEHHO OINMCaHMI, Haopumep, B WO 2007/043731,
arjioMepalmuey TIIOJIydeHHHX KPMCTAJIJIOB I[IO MeHbIeM Mepe C OIOHUM
OpPTaHMUEeCKUM WJIM HeOpTaHUUECKMM U IIPeNloUTUTEJIEHO HeOpTaHUYeCKMM

CBA3SYKIIVIM BemeCTBOM u DoJiee IIpeOIrIouTmUTeJIBHO CO CBA3YINMM

BellleCTBOM, BEIOpaHHEIM nus IJIMH, HeoO4d3aTeJIbHO CIIOCOOHEIX
IIpeBppalaTbCA B oeoJimT, "u IIpeOriouTmMTeJIEHO nus3 KaoOJIMHOB,
KaoJIMHMUTOB, HaKpPUTOB, IVKKMTOB, rajuryasmToB, aTTamnyJjJeIrmTOoB,
CellMOJIMTORE, MOHTMOPMJIIJIOHMTOBRB, OEeHTOHUTOB, VIJIJIMTOB u

MeTaKaoJIMHOB, a TakKXe M3 CcMecel IBYX WJIM HEeCKOJIbKMX BTUX BUIOB
TJIMHEL B JIOOHIX TIPOIIOPLMUAX .

[0074] ArjgomMmepaumsa ¥ GOPMOBaHMe MOT'YT OBTE OCYIECTBJIEHH
JIoBEMM  criocofaMM, —MB3BECTHREMM  CllelMajMcTaM B IaHHOM  of6JacTu
TexXHUKM, TaKMMM KaK BKCTPYy3Usa, CIPpeCCOBHEHBaHMe, alJloMepallMsd Ha
TapeJike-TpaHyJiaTope, B OapabaHe-TpaHyJIaATope, aToMM3alMuad U IpyIue
CIIOCOOEI. O9TM pPal3JIMUHHE CIOCOOH o6JajalT IPeMMyIeCTBOM, COCTOSIUM
B BOBMOXHOCTM IIOJIYYaThk aIcopbupyromye MaTepraJhkl I[I0 HaCToAleMy
nzobpeTeHun, objlaganMe PpaHee ONMCAHHEMKM pas3MepaMrM U dopMaMu U
ABJdAmIMecsd HauboJiee TMIPEeOlNoUTUTENIEHO IIPpHMEeMIIEMBEIMM OJIS 00paboTKu
Ia30B.

[0075] CooTHOmeHMS CBA3YKIEIO BeMecTBa, MWCIOJNb3YyeMOTIo IJidg
amJioMepaluunu, (HaopMMep TIUIMHE, KakK OBRJIO YyKasz3aHO paHee) M OIHOTO
WV  HEeCKOJIBKMX  1LI€OJIMTOB, VCIIOJIE3YEMHX  IJIA  I[IOJIy4YeHUHd, KakK
IPaBMJIO, COOTBETCTBYIT COOTHOMEHMAM, IIPMHATEM Ha [IpellleCTBYKIeM
YPOBHE  TeXHUKMU, M WUBMEHSKTCS B 3aBUCUMMOCTM OT TpebyeMoTo
comepxaHuda PNZ ¥ CTeleHM I[peBpalleHrMd CBA3YKIEro BemecTBa B
EOJIUT . CLyY| COOTHOIMEHM A MOTYT OHITH JIETKO paccumMTaHE
creumaJgrMcTaMmM B OOJIJaCTM CHMHTES3A IeOJIMTOBEX alJIOMEPAaTOB.

[0076] ATJIOMEepaTH LIEOJIUTOBHEIX amcopOUPYIMX MaTepmraJioB

He3aBMCHMO oT TOT'O, HaXonoAaATCA JIM OHM B (]_)OpMe MMapMnMKOoERB,
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SKCTPYIVMPOBAHHEIX 3JIEMEHTOB WJIM B IOpyI'MxX ¢opMax, B of0meM cJydae
XapakKTepusyonTca cCcpedHeoOBeMHEM OMaMeTpPOoM YacTHI MM UX CcpelHeln
OJMHOM (HamOOoJIbIMMM pPa3MepoM, eCHIM YacTHUIH He UMMelT chepuuecKomn
GOpPMEI) , 3HAUEHME KOTOPEX MeHbIle WMJIM PaBHO /7 MM U TIPENNOUTUTEJIBHO
HaxonouTcsa B uMHTepraJje oT 0,05 mo 7 MM, OoJiee MNPeOlOUTUTEJIBEHO OT
0,2 mo 5 MM M HamboJiee MNPennouyTuTeslbkHO oT 0,2 mo 2,5 MM.

[0077] Crniocof® TIOJIyUeHUS LeOJIMTOBEX alCopOMpyKIMxX MaTepraJioB
[I0 HacCTOoAlleMy M300peTeHUI JIeT'KO alallTUPYEeTCd Ha OCHOBe CIOoCOOOB
IOJIYUEeHMa, WMB3BECTHHX CleluaJucTaM B IaHHOM o06JlaCcTM TexXHMKM, Kak
yXe OBJIO YyKaszaHO, IIpuYeM IIPMMEHeHMe I[IO MeHbIeM Mepe OIHOTO
Me3OIIOPUCTOTO LeoJiMTa A He M3MEeHSIeT 5BTU M3BEeCTHHEE CIOCOOH B
3HAUMUTEJNBHOM CTelleHy, Tak UTo CIoocod® [oJIydeHMs TIpelOcTaBJisgeT
cobom crnocod, KOTOPHM ABJSETCS JIEeT'KO OCYMEeCTBJISEeMEM, OLHCTPHM U
DKOHOMUUHEIM M, CJIeODOBaTeJIbHO, JIET'KO pealiM3yeMbeEM B IIPOMBIIJIEHHOM
MacmTate ¢ MUHMMAJILHBEM UMCJIOM CTanui.

[0078] 1LleoJUMTOBHM amcopbOupyllMi MaTepraJyl I[IO0 HacCToAleMy
N300peTeHU IIPEenlIoUTUTEJIEHO CONEPXUT OOHOBPEMEHHO MaKpPOIIOPH,
ME3OIIOPE M MMKPOIIOPH. Ilom "mMakpomnopamm" T[IOHMMAKT IIOPH, pPasMep
YCThbeB KOTOPHX IIOpeBbmaeT 50 HM M OPeOlNouTHUTEJIbHO HaxXOOUTCI B
nHTepBaje oT 50 mo 400 sM. Ilom '"mezomnopamMm" IIOHMMAT IIOPEHL,
pasMep YCTbeB KOTOPHX HaAxXOOMTCS B MHTepBajle oT 2 mo 50 HM, He
BKJIOUASA TI'PpaHMUHBEe 3HadveHMsa. Ilom "mukpornopamm'" IIOHMMAKT IIOPH,
pasMep YCThbeB KOTOPHEX MEHBIIE 2 HM.

[0079] CorygacHO TMNPeldloUTUTEJIbHOMY BapMaHTy OCYIEeCTBJIeHUA
LIeOJIMTOBLEM ancopbupyiomuil MaTepualJl I[1I0 HacTosfmeMy M300peTeHU o
oBnamaeT OOBEMOM MUKPOIIOP (obwpeMoM 1o yOMHMHY-PaIymKeBUUY) ,
BLHPAXEHHEIM B CM® Ha I'PaMM L eOJIMTOBOTO alcopOupyllero MaTepuasa, B
uHTepsajsie or 0,160 mo 0,280 cm®-1v!, mpemmoururesrHo or 0,180 mo
0,280 cm®-r !, OGosee mpemnouruTessHo orT 0,200 mo 0,280 cM®rmt um
npeuMymecTBeHHo oT 0,220 mo 0,280 cm®- 1! npu omnpemeseHUM oOOLEMA
MUKPOIIOP @OJIA LIEOJIMTOBOTO alcopbMpyKmero MaTepuaJa, B KOTOPOM II0
MeHbIeM Mepe 90% NPOTMBOMOHOB 3aMelleHH KaJlbIMeM.

[0080] O0mmm obweM MaKpoO-— " Me30TIIop B 1L,eOJIMTOBHEIX
ancopOUpyRImMx MaTepMalax 1o HaCTOAleMy n300peTeHn npu
OoIIpeleJIEHVMM IO MHTPY3MM PTYTU T[IPEMMYyINEeCTBEHHO HaxXOOUTCSA B

uHTepBajle ot 0,15 pmo 0,50 cm®-r !, mnpemnoururesnsHo oT 0,20 1o
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0,40 cM®r ! u Hambojsee mnpemmoururessHo orT 0,20 mo 0,35 cm®-1m7d,
IpuyeM M3MEPEHMA OCYWeCTBJIARTCS OJ8 amcopbuMpyolelo MaTepuala, B
KOTOPOM IO MeHbHmelM Mepe 90% NPOTMBOMOHOB 3aMelleHH KaJlblMeM.

[0081] [osga oObeMa MakKpOIIoOp B ILIEOJIMTOBOM alCcopOupyrIleM
MaTepMalyle I[penloudTUTeJIbHO cocTaBjgger or 0,2 mo 1,0, BoJiee
npennoururesibHo oT 0,4 mo 0,8 m HauboJiee NpeldnouTruTesibHO oT 0,45
no 0,65 ofbmero obkeMa MaKpO— UM Me30I0p, BKJOUAA I'PaHWUHEE
3HaAUYEeHusd, [IpUYeM  M3MEepeHMSs OCYWeCTBJIANTCA 014 LEeOJIMTOBOTO
ancopbOupyKmero  MaTepuasa, B KOTOPOM IIO MeHBIEW Mepe 90%
IIPOTUMBOMOHOB 3aMelleHH KaJlbLMEM.

[0082] PazsMep KpHUCTaJUJIOB LleoJiMTa Tulla A, MCIOJbL30BAHHEX IJIA
[IOJIYYEHMA LeOoJIMTOBOTO aIcopbMpyKlerlo MaTepHualja I[I0 HacCToAlleMYy
n300peTeHND, a TakKXe pasMep BJEMEeHTOB LeoJiMTa TuUlla A B
LEeOJIMTOBOM ancopbupyrieM MaTepuale, OIpenesanT HaOJIOeHEeM
IIOCPEeNCTBOM CKaHUPYKMEIo BJeKTPOHHOTO MMKpOCKoma (CoM). CpenHun
o/aMeTp KPpHUCTaJIJIOB LieoJiMTa TUulla A OPpellOoUTUTEJIbBHO HaxXOOUTCHA B
mHTepBaje oT 0,1 mo 20 MKM, OpennoudyrureJibHO oT 0,5 mo 20 MkKM U
BoJyiee mnpennoururesbHo oT 0,5 mo 10 mMxM. HabiomeHMe I[TOCPelCTBOM
C3aM [Io3BOJILET TaKxe [IOOTBEPOUTE [NPUCYTCTBUE bparunmM,
oTJIMUaKmeca OoT I1eoJMTa M CcoIepXxamel B alJloMepaTax, HalpuMmep,
OCTaTOUHOEe CBA3YKIEee BelleCTBO (KOTopoe He OBUIO KOHBEPTHUPOBAHO BO
BpeMsa BO3MOXHOM CTaIMM I[IpeBpalleHMsa B LeOJIUT) WM Jiodyin IPpYyIVIo
aMoOpObOHYK (pakKIIuro.

[0083] CorygacHO TNPeldloUTUTEeJIbHOMY BapMaHTy OCYIEeCTBJIeHUA
eOJIMTOBEM afcopbuUpylmuUi MaTepuaJl [0 HaCTOoSAMeMy U300peTeHUD
XapaKTepnu3yeTCcsa BHEMHeM IOBepxXHOCTHI, OINpelelIeHHOW II0 alcopdumu
asoTa, BHPakeHHOM B M? Ha I'paMM alncopbeHTa, OpeBmmawmer 20 M2 -pt
U MOPenlouyTHTEsSLHO HaxXondmelcs B wuHTepBajie orT 20 mo 300 M2 -0t
NpennouTuressHo oT 30 mo 250 M? -1 !, OoJjiee MNPEnIoUuTUTENIEHO oT 40
mo 200 M? 1! m "HamboJsiee MNPENNOUTUTEJILHO B MHTepbBajie oT 50 mo 200
M2 T, [IpUYeM V3MEpPEeHM S OCYMEeCTBJIAOTCSH 0JId LeOJIMTOBOTO
ancopbupynmero  MaTepuala, B KOTOpPOM IIO MeHBIENW Mepe 90%
[IPOTMEBOMOHOR 3aMelleHH KaJlbIMEM.

[0084] CorysacHO TPeldlIOUTUTEJIBHOMY BapMaHTy OCYIEeCTBJIEHUA
IeOJIMTOBEM alcopbUpylmMUi MaTepuaJl [0 HaCTOSAMeMy UW300peTeHUD

obBJiagaeT BHCOKOM OOBEMHOM aIcopOLUMOHHOM CIOCOBHOCTBI, TO eCThb
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VIOEJLHEM OOLEMOM MMKPOIIOP, BHPaXEHHEIM B CM° Ha CM® LeOoJIMTOBOTO
ancopbupywmero  MaTepuala, B KOTOPOM IIO MeHBIEW Mepe 90%
IPOTUBOMOHOB 3aMelleHH KaJblMeM, IIpUMUeM YKa3aHHHM YIeJbHHEN oObheM
MMuKporop mnpesemaeT 0,01 cm®-cMm ?®, nOpeuMmymecTBeHHO MpeBomaeT 0,02
cM® rem 3, [PenIouTUTEJILHO [IPEeBLIIaeT 0,03 cM® M 3, BoJiee
PenrnouTUTEJIbHO peBLIaeT 0,04 cM® rem 3 u eme BoJiee
[pennouTuTesIbHO mnpeBemmaeT 0,05 cM®-cm 3.

[0085] CorsacHO TMPeldllOUTUTEJIbBHOMY BapMaHTy OCYIEeCTBJIEHUA
LEeOJIMTOREM afcopbupynmri MaTepMaJl I[I0 HacTofmeMy M300peTeHU o
COIEPXUT 1o MeHbIen Mepe OIOVH Me30II0OPUC THIMA LEOJIUT A,
onpeneJieHHHM paHee, IIpMUeM YKa3aHHHM I[10 MeHBbIEW Mepe OIMH ILeOoJIUT
XapakKTepusyeTcs CcooTHomeHrem Si/Al, paBuemMm 1,00 +/- 0,05, mopwm
orpeleJyleHUN, OCYIIeCTBJIEHHOM oJis LEeOJIMTOBOTO ancopbupyrmero
MaTepuasya, B KOTOPOM IO MeHbmel Mepe 90% MIPOTUMBOMOHOB BaMelleHH
KaJIbLMEM.

[0086] CorJlacHO ele OOHOMY IIPEeOlNoOuTUTEJIEHOMY  BapUaHTy
OCYmMEeCTBJIEHUS IeOJIMTOBEM adcopfupylmuy MaTepualJl COIEePXUT IO
MeHbIer Mepe OIOMH KaTMOH, BHOPAaHHEM M3 MOHOB Ipymnn IA, IIA,
ITIA, IB, IIB, ITIB [lepuonmuuecKom CUCTEMHI BJIEMEHTOBR,
TpexXBaJIEHTHHX MOHOB M3 IIOOTPYINHE JIAHTAHOUIOB WMJIM PeIKOo3eMeJIbHBIX
2JIEMEHTOB, MOHa uLMHKa (II), wmoHa cepebpa (I), wmoHa wMemnu (II),
MoHa xpoma (III), wmoHa xejiesa (III), ™MOHa aMMOHMA W/WUIM MOHa
TUOPOKCOHMUS, opuueM OPeOlIoUTHUTEeJILHEIMM  MOHaMM  SABJISITCS  MOHE
KaJblug, JUTHud, HaTpusa, kaausa, Oapusa, Les3usd, CTPOHLUMI, LMHKA U
PEeOKO3eMeJIbHEX 2JIEMEHTOB M 0oJiee TIPedlouTUTEJIBEHO MOHH HaTPUA,
KaJblMAa M KaJus.

[0087] CormJlacHO elmme OOHOMY TIPEeNIOUTHUTEJIEHOMY  BapMaHTy
LIeOJIMTOBLEM adcopOupymKi MaTepuaJl II0 HacTodmeMy MW300peTeHUID He
COIEepPXUT IPYTYyKR LEeOJIMTOBYK CTPYKTYRY, OTJIMUYAKIYICHS OT CTPYKTYPH
A (LTA). BrpaxeHre "He COOEpPXUT OPpYyI'ylD LEOJIUTOBYK CTRPYKTYPY,
OTJIMYAIYIOCS OT CTPYKTYpH A" [TOHMMAaKT B TOM CMBECJE, UTO IIPpU
aHaJmusze criocotoMm PCA (rmo IndpakUMM  PEeHTIeHOBCKUX JydJden)
ancopbupyrmero MaTepuaJa I[1I0 HacCTodleMy W300peTeHMK He yIaeTcsd
oOHapPYXMBATE IpyITvyio LIEOJIMTORBYI CTPYKTYPY, OTIINYAKIYIOC A oT
CTPpYyKType LTA, B kKoJMUUecTBe OoJblle 5 Macc.% UM OPEeONOUTUTEJIBHO

QoJble 2 Macc.$% 10 OTHOIEHMIO K obmen Macce LIeoJIMTOBOI'O
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ancopbupyplleI'c0 MaTepMualla, BRKJIUAas I'PaHWUYHEE 3HAUEHUId.

[0088] CormJjlacHO eme OOHOMY TIPENIOUTHUTEJILHOMY  BapMaHTy
OCYWeCTBJIEHMA MaTepuall I[I0 HacTodlleMy WM300peTeHMI obJjanaeT OoOWUM
0B6BeMOM MaKpO— M ME30IIop, OIpelesIeHHHEM I[1I0 MHTPY3UMM PTYyTH, B
uuTeppajsie or 0,15 mo 0,50 cM® ©! M XapakTepusyeTcs mpoJein obbema
MakKpoIop B MHTeppaJie oT 0,2 nmo 1 m npemnoururesbHo oT 0,4 mo 0,8
oBmero obbveMa MaKpO— U Me30Ilop, BKJKOUad TI'PaHMUHEE 3HaAUYEHUH,
opuyeM M3MepeHUd OCYWeCTBJIANTCS C aICopOMpyKLMM MaTepualjioM, B
KOTOPOM IO MeHbHmeM Mepe 90% NPOTMBOMOHOB 3aMelleHH KaJlblLMeM.

CnocofH oIpeleliIeHUsI XapaKTePUCTUK

[0089] dusnueckue CBOMICTBA LIeOJIMTOBEIX aoCoOpOUpPYIOIMX
MaTepraJsioB  OIpeneJieHel crocoBamy, VM3BECTHBIMM  CllelMajiMcTaM B
DaHHOM o0B0JlacTM TexXHUKM, IIpruueM OCHOBHEE U3 CIOCOOOB IMIPpUBEIEHH
najiee B IOpAOKe HalOMMHAHMA.

T'paHyJIOMEeTPUYECKUN COCTABR KPMUCTAJIJIOB LI€OJIMTOB

[0090] OueHka CpPeOHEUMCIIOBOTO IMaMeTpa KpPUCTaJIJIOB LleoJmMTa
TUIIa A, COOepXallMXCAd B LEOJIMTOBHX alCcopbUpyllUx MaTepuallax U
VICIIOJIb3YEMEIX IJIA IIOJIyUeHMS ILeOJIMTOBEX aIcopdOMpylIMX MaTepralioB,
OCYWeCTBJIALT HaOIOOEHMEM IIOCPENCTBOM CKAHUPYKIEI'O BSJIEKTPOHHOTO
Mukpockona (MEB) .

[0091] [s1d OLEeHKM pa3MepOoB KPpUCTAJIJIOB LeoJuTa B IOpobax
IoJydanT Habop peHTIeHOTpaMM C YBeJIMUeHMe II0 MeHbmeld Mepe B 5000
paz. 3aTeM OINpemelisioT IMaMeTp II0 MeHblel Mepe 200 KpHUCTAJJIOB
IIOCPEeNCTBOM CIellMaJIbHOM [OpoTpaMMBl, HalpuMmep OporpamMMel  "Smile
View", paspaboraHHo¥ komnaHuer "LoGraMi". ToOUHOCTL OIpenejleHus
cocTaBJigeT OKOJIO 3%.

T'paHyJIOMETPUUECKUIM COCTAR IICOJIMTOBHX alCOpOeHTOB

[0092] OnpeneJsieHre CpelHeOOBEMHOT'O IMaMeTpa (wian "ImameTpa,
COOTBETCTBYKIEI'O CpelHeMy o00BbeMy") LeOJMTOBOI'O ancopbupynlero
MaTepuala criocoboM 11O HacToAlleMy  M300peTeHND OCYWeCTBJIAT
aHaJIM30M I'PaHyJIOMEeTPUUECKOT'O pacllpelelileHUd I[IPOOH ancopfupynlelo
MaTepHrajla IO MeTOOMKe IMOJIydeHMs WM300paxeHUM COTJIaCHO CTaHOapTy
ISO 13322-2:2006 C WMCHOJNB30BaAHMEM BpallaeMOT'o CJIOS, II03BOJIAKIMETO
npode MNPOXOIMTH Iepell OOBEKTMBOM KaMepH.

[0093] 3BaTeM pacCUMTHBALT CpelHeOOBLEeMHHM OMaMeTp, MCXOoOd U3

TPaHYyJIOMETPUUECKOTO PaclpelellIeHrMa COIJIaCcHO CcTaHmapTy 1SO 9276-
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2:2001. B HacTOfmleM OIMCaAHUM IJIS YaCTUL, LeOJIMTOBHX aICOopOMPYIMMX

MaTepraJIoB MCIOJL3YIT BHpaxXeHre "CcpedHeOOBEeMHEM OMaMeTp" WIu
Takxkxe "pasMep". TOUHOCTE OINpPeleJleHMa CcocTaBJsgeT okoJjio 0,01 wMm
04 orarnasoHa pa3sMepoB YacTul anCcopOUPYRINX MaTepHralioE,

IpueMIIeMBEIX B paMKaxX HacCToAllel'o U300peTeHudg.

XUMMYECKMI  aHaJIMB3  LIEOJIMTOBHX aOCOopOMpPYyHIMX  MATEPHAJIORB:
omnpenelyieHMe COOTHOomWeHus: Si/Al M cTemeHM MOHOOOMeHa

[0094] 3JIeMeHTHHN XUMUYU e CKUM aHaJn3 LIeOJIMTOBOTO
ancopbupyrnmero MaTepuralia, OIIMCaHHOTO paHee, MOXeET OBITH
OCYWeCTBJIEH Pa3JIMUHEMM  aHaJIMTUUECKMMM  crocoBamy, V3BEeCTHBMA
creluMaJucTaM B OaHHOM oOO0JlaCcTU TexXHUKM. Cpedr 5BTUX CIOCOOOB MOXHO
Has3BaThb crioco6 XVMUYECKOTO aHaJmsza 1o PEHTTeHOBCKOM
diIyopeclieHLIMM COIJIAaCHO OINMCAaHMI CcTaHmapTa NF EN ISO 12677:2011
Ha BOJIHOIOUCIIEPCHMOHHOM cIlekTpoMeTpe (WDXRF), HamnpuMep Ha Opubdope
"Tiger S8" xowmnaHuu "Bruker".

[0095] Crioco® pPeHTTeHOBCKOM  (JyopeclUeHLUMM  OpeadcTaBJIsgeT
coBoM crnoco® Hepaszpylalmel'd CIEeKTpaJIbHOTO aHajlnza, B KOTOPOM
MCIOJIb3YyeTCcad OQOTOJIOMMHECIIEHIIMS aTOMOB B OMalla3sOHe PeHTIEHOBCKUX
Jyder, @OJIS YCTaHOBJIEHMSA BSJIEMEeHTHOTO COCTaBa MNpoOu. Boz0yxIeHMre
aTOMOB B obmeM ciydae [IyUYKOM PEHTTeHOBCKUX Jyuen VI
BoMOaAPIMPOBKOM  BJIEKTPOHaAMM IOpOoXIaeT CHeluduueckue UBIYUEeHUS
[I0CJIe BO3BpalleHMS aTOMOB B OCHOBHOe COCTOsgHMe. OOBUHO IIOCJIEe
TpalyMpPOBaHKA IIOTPEMHOCTE OIpelelIeHUA KaXIoI'o OKCUIa COCTaBJIsgeT
MeHbme 0,4% Mmacc.

[0096] Ipyrme cHnoco®bl aHalMza IPeOCTaBJAlT cobo¥, HalpuMmep,
CrOCOBE  aTOMHO-a®COpPBUMOHHOM  CIEKTPOMETPUMU (AAS) Y  aTOMHO-
SMUCCUOHHOM CIeKTPOMeTPUM C UMHIOYKTMBHO CBS3aHHOM I1Jja3Mou (ICP-
AES), omnmcaHHBEE B CcTaHmapTax NF EN ISO 21587-3 wmium NF EN ISO
21079-3 wm ocCymecTBJSeMEe, HalpuMep, Ha Opubope Tuna "Perkin
Elmer 4300DV".

[0097] CriexTp PEeHTTeHOBCKOM bIyopecueHInn MeeT
IperMymeCTBO, COCTOAMlee B OUeHbL MaJIOM BaBUCKMMOCTM OT XUMUUECKOU
KOMOMHAUMM BJIEMEHTOB, UYTO IIO3BOJILET OIHOBPEMEHHO OCYWEeCTBJIATH
TOUHOE KOJIMUeCTBEHHOE UM KadeCTBeHHOe olpenejieHue. OOBUHO IIOCIe
TpalyUPOBaHMA OJIA KaXOoro M3 oKcumoB Si0O, m Al,03, a Takxe IPyTHUX

OKCUIOOB (TakMx Kak OKCHMIHL, O@paBVGNJbIe YUACTBYKIIMMMY B MOHOOOMeHEe
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KaTMOHaMM, HallpMMep KaJblM4a) IIOTPEMHOCTEb OIPpeleJIeHMS COCTaBJISAET
MeHbme 0,4% Mmacc.

[0098] TakmuMm obpasoM, 3JIEMEeHTHEE XYUMUUECKHUE aHaJIM3H,
OIIMCaHHHE paHee, IIO3BOJIAKT OIHOBPEMEHHO OIpPEenesidTh COOTHOIEeHME
Si/Al B 1LeOJMTe, MUCIOJL30BAHHOM B LEOJMUTOBOM aIdcopdupyioleM

MaTepuaje, U cooTHomeHre Si/Al B 1LEOJIMTOBOM aICcopOupylleMm

MaTepuale. B ONMCaHUM HaCcToOAmMeTo n300peTeHns IOTPEMHOCTh
onpenejyieHnsa COOTHOUEHN A Si/Al cocTaBJydgeT  15%. OnpenejsieHue

cooTHomenmusa Si/Al B LieoJuUTe, comepxameMcs B alcopbupyoleMm
MaTepuae, MOXET OBITE OCymeCTBJIEHO Takxe CIIEKTPOCKONINEN
TBEepPOOTEeJIEHOTO ANEPHOTO MAaTHMTHOTO pesoHaHca (fAMP) kpeMHMA.

[0099] KauecTBO MOHOOOMEHa CBS3aHO C UMCJIOM MOJIeM KaTMOHAa,
comepxamerocs B LIeOJIMTOBOM ancopbupynmeMm MaTepuae rmocJe
noHoobmMeHa. BoJjlee TOUHO CTeleHb MOHOOOMeHa Ha 3alaHHBM KaTMOH
OlLlIeHMBAIT 10 COOTHOUEHMUID MEeXIYy UMCJIOM MOJIeV YKas3aHHOTO KaTHOHa U
UM CJIOM MoJien cMecHu KaTUOHOB, Y4aCTBYIIUX B MOHOOOMEHE .
CooTBEeTCTRYyKINE KOJIMYECTRA Kaxngoro nus KaTMOHOB OLIEHUE AT
XVMUUECKUM aHaJlM30M KaTMOHOB. HanpuMmep, CTelleHb oOMeHa Ha MOHEH
KaJbLMA OLIeHMBAT 10 COOTHOIEHMI MeXny OOMMM UYMUMCIJIOM KaTMOHOB Ca?!
¥ OoBmMMM UMCJIOM KAaTMOHOB, VYUYACTBYIMX B MOHOOOMeHe (HaIpuMep,
Ca?*, K%, Lif, Ba?", Cs", Na" u T.m.), IpUUEM KOJIMUECTBO KaXIOTO U3
KaTMOHOB OLIEHMBAT XMMUUECKMM aHaJM30M COOTBETCTBYIMIMUX OKCUIOB
(Na,O, CaO, K,0, BaO, LiO0, Cs,0 m 7T.m.). B sToM crnocobe pacueTa
YVUMTEBATCSA TaKXe BEePOSTHHEE OKCHIH, coIepXammecs B OCTaTOUHOM
CBA3YKIEM BelleCTBe ILeOJIMTOBOTO amcopdbupyomero MaTepuaja. OIHAKO
KOJIMUECTBO TaKmUx OKCHUIOB rnoJjaramnoT IpeHedpPeXVMO MaJIeIM IO
CpaBHEeHMIO C OKCcUIaMM, oOpal’yeMbeMM KaTMOHaMM MOHOOOMEHHHX IeHTPOB
OOHOTO WMJM  HECKOJbKMX I1LeOJIMTOB B ILEeOJMTOBOM alcopbupylleM
MaTepuajle IO HacToAmleMy M300peTeHuo.

Of'peM MaKpPOIIOP M MeBOIIop

[0100] OOBeMBEl MaKPOIOP ¥ Me30II0op OIpemelidioT IIOpOoOMeTpHueN II0
VHTPY 3UN PTYTHU. IOisa aHaJms3a pacrnpenejleHUs obweMa nop,
OTHOCAMUXCA K MakKpoIlopaM M Me30IIopaM, IIPUMEeHSIT PTYTHHM IOPOMEeTP
muna "Autopore® 9500" xommaHumM "Micromeritics'.

[0101] OkcrhnepMMeHTAaJILHHEM CIIOC0oD, OINMCAHHEM B PYKOBOICTBE K
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npubopy, OTCHIIaKleM kK cTaHpnapTy ASTM D4284-83, cocToMT B TOM,
UTO IMpPelBapMTeJIbHO B3BeMeHHYKD OIpo0y aHalM3UMPYeMOT'o IeOJIMTOBOTO
ancopbupyrnmero MaTepuala (mpum M3BECTHBIX noTepax rnocye
IpoKaJIMBaHnA) [IOMEIAKT B AUEeNKy  IIOpOMeTpa, 3aTeM, rocJie
IpelBapUTEJIEHOTO YyIaJleHMsa Tas30B (npu naejeHur 30 MKM PT. CT. B
TeueHMe TII0 MeHbme¥ Mepe 10 MMH), B3aloJIHALT HSUYelKy PTYTh IOIPpU
3amaHHOM HaBJygeHuu (00,0036 Mlla) M 3aTeM IIPUKIAOEBalT CTYIIEHUYaTO
BO3pacTawpimee nasJjeHmMe po 400 Mlla pjag Toro, dYToOOH OOeCHeuMuTh
[IOCTEIeHHOEe I[IPOHMKHOBEHME PTYTM B CEThH IIOP IPOOH.

[0102] TaxkumMm o0OpasoM, COIJIaCHO HACTOAIlEMY OIIMCAHUILD OOBEME
MaKpoOIIoOp MM ME3O0IOop B LEOJMUTOBHX alcopdbUMpynlMx  MaTepualax,
BHpaXeHHEE B CM° - T !, ONpemesigioT [0 MHTPY3MM PTYTU M OTHOCAT K
Macce InpobH obpaslla B IepecueTe Ha Oe3BOIHHM SKBMBAaJIEHT, TO e€CTb
Ha MaccCy YKasaHHOT'O MaTepHuala, CKOPPEKTUMPOBAHHYI Ha [IOTepU IIOCJe
IpokajJlueaHMda. IIpyM DTOM UM3MEepeHMSa OCYWeCTBJIART IJ4 LeoJMTOBOIO
amcopbupyrimero MaTepuala, B KOTOpPOM IIO MeHbIEM Mepe 90%
IIPOTUBOMOHOB 3aMelleHH KaJlbLMeM.

MexaHn4YecKkasi INIPOYHOCTE LICOJIMTOBHX alCOPOMPYIIMX MaTepMalioB

[0103] CompoTHMRIIEHME pPal3pylleHMI B CJIOe B Cllydae LeOoJIMTOBHX
ancopOupyrIMx MaTepraJioB, OIMCAaHHBIX B HacToAmeM Mu300peTeHUH,
onpeneJigiT 0 CcTaHmapTy ASTM 7084-04. MexaHMUeCKOe COINPOTHBJIIEHME
pazpyileHMrio B I'paHyJlax onopenessiorT nOpudbopoM "Grain Crushing
strength", peamusyeMbeM koMmaHuel "Vinci Technologies™, corjacHO
craHmapTaM ASTM D 4179 m D 6175.

OnpegeneHue of6beMa MMUKPOIIOP

[0100] OnpenejieHUEe obBeMa MUKPOIIOP OCYIEeCTRJIST
TPaOIMLMOHHEIMM  CIiocofaMu, TakyMMM Kak olpeleJleHrne 00BeMOB IO
Iy6uamuay-PangymkeBuuy (1o amgcopbumm XMUIKOTO aszsoTa opu /77K wim
XUOKOTO aproHa pu 87K) .

[0101] OBwem no JyOMHMHYy-PaOymKeBMUy OINPenesidiT, WMCXOOS M3
onpenejieHUs M30TepPMH ancopbumu rasa, TakKor'o KaK as30T WM apl'oH,
IpM TeMIlepaType CXWKEHMS, B 3aBUCUMOCTM OT pPas3MepOB YCTbBEB IIOP
eoJiMTa: B CcJydae LeoJuTa A, B KOTOPOM IIO MeHbmer wMepe 90%
[IPOTMEOMOHOR IpPeOBapMTeJIbHO 3aMeHeHH KaJlblLMeM, BHOMpawnT asz30T. [o

ancop®uUuUy  LeOJIMTOBHI  aZCOopOMpyRmMil  MaTeprall  IIpelIBapUTesIbHO
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OCBOOOXIAIT OT Taz30B PV TeMlIepaType B uHTepBaje oT 300 mo 450°C
B TeUeHMe IIpOMeXyTKa BpeMeHM oT 9 nmo 16 uacoB B BakyyMe (P <
6,7-107% IIa). BaTeM OCYWECTBJIST OINpelesieHMe M30TepPM amcopfluu Ha
npubope Tuna "ASAP 2020" xomnaHum "Micromeritics" 1©no MeHbBIEN
Mepe B 35 TouKax U3MepeHMsa OTHOCUTEJIBHOIT'O IaBJIeHusda B  BUIOe
coorHomenus P/P, B wmHTepBayse orT 0,002 mo 1. OO6BeM MMKPOIIOP
OIpenelIdlnT CcoIJlacHO [OyOMHMHY-PaIymKeBUUY, MCXOOA U3 IIOJIYyUYeHHOU
M30TEpPMEL COOTBETCTBEHHO CTaHmapTy ISO 15901-3 (2007). O6meM
MUKPOIIOP, OLEHEeHHEM I[I0 YypabBHeHu [[yOuMHMHa-PaOymKeBMUa, BHpPaXalT

3

B CM KMIOKOIT'O ancop@aTa Ha I'baMM LHeOJIMTOBOI'O ancop@mpyiomero

MaTepuasa. IOTpemHOCTL onpenejieHus cocrabjger 0,003 oM’ 10! npu
onpeneyieHUN, OCymeCTBJIEHHOM OIS LEOJIUTOBOTO ancopbupyniero
MaTepuasya, B KOTOPOM IO MeHbmel Mepe 90% MIPOTUMBOMOHOB 3BaMelleHH
KaJIbLJEM.

OnpegnelieHMe yOeJIBHOI'O of6beMa MMKPOIIOP

[0102] VYpesabHBM 00BEM MMKPOIIOP PAaCCUMTHBAKT, MCXOOA U3
ofreMa MMKPOIIOp, OINpelesJIeHHOTO paHee, ¥ YMHOXasd yKa3aHHBN o8beM
MUKPOIIOP  Ha  Kaxylyloncd IJIOTHOCTL  LEeOJIMTOBOTO  amcopdupyilero
MaTepuala. Kaxyuryioc s [IJIOTHOCTB onpenesisaoT COOTBETCTBEHHO
onmrcaHuow cTaHmapTa DIN 8948/7.6.

[NoTepn ocje IIPOKAJIMBAHUS LISOJIMTOBHX ancopdbupyommx
MaTepHaJIoB

[0103] IloTepu Mocje OPOKalIMBaHUA ONPenesigioT B OKUCIUTEJLHOMU
aTMochepe IIpoKaJMBaHMEM IIPOOE Ha BO3OyXe IIpM TeMllepaType 950 =+

25°C CoOTBEeTCTBEHHO OIMCaHM CcTaHmapTa NF EN 196-2 (ampess 2006
roma). CpellHee KepaZpaTUUHOEe OTKJIOHEHME OIpelelIeHUs COCTaBJIsgeT
MeHvme 0,1%.

KaueCTBEeHHEIM M KOJIMYECTBEHHEM PEHTI'@HOCIIEKTPAJILHEI aHaJIN3

[0104] UucToTy LIeOJINTOB B 1L,e0JIMTOBEIX aAmCcopOUPYIUX
MaTepuajlax OlleHMBalnT aHaJM30M I10 IudpakUuMM PeHTIeHOBCKUX Jyduel,
M3BECTHBEIM ClelMaJyucTaM B OaHHOM o00JacTM TexXHMKM II0I aKpPOHMMOM
PCA. 35To oIpenejlIeHMe OCYIEeCTRBJIAKT Ha npmubope PCA mMapkm "Bruker".

[0105] 3TOT aHaJns3 IIO3BOJIAET UOeHTUOULIIMPOBATE pas3HuEe
LeOJINTEHL, comepxamyecs B ancopdbupyoleM —MaTepualie, IIOCKOJIBEKY

KaxOell M3 1LeoJIMTOB XapakKTepnusyeTcda YHMKaJIBHOfI nM@paKTorpawoﬁ,
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openesaeMomn pacIoJioXeHrueM IVOPaKIVMOHHEIX IIMKOB u nx
OTHOCUTEJILHOM BeJIMUMHOM.

[0106] LeonmToBEHEe ancopOupyKle MaTepuaJsl OpoOAT M 3aTeM
pacrnpenesigaoT n pPasTJIaXxmuBamnT Ha TIIOIJIOXKE injelefe)3s IIPOCTEIM
MeXaHUUEeCKMM CXaTHeM.

[0107] VYcioBuUA 3alMCKU IMdppakToTpaMM, IIOJIydaeMBX Ha IIpubope
"D5000 Bruker", npuBeneHH Iajiee:

- TpyOka Cu, mucnoJgwb3zyemas npu 40 kB m 30 MA;

- pa3zmMep nmeJsien (pacxonmamemncs, oIrddy3MOHHOM u
aHamMTuueckom) =0, 6 MM;

- ouabpTp: Ni;

- YCTPOMCTBO BpalleHMsa OpoBu: 15 o6 MuH !;

- IramnasoH m3MepeHumit: 3° < 20 < 50°

- mar: 0,02°;

- BpeMsd IIOoOCUeTa MMIIYJIbCOB 3a mal': 2 CEeKyHIH.

[0108] MHTepnpeTalMio I[IOJYUYEHHOM IUOPAKTOTPAMME OCYIECTBJISIT
IoCpencTBOM IpoTrpaMMel EVA ¢ uIeHTHUOMKaLMEN 1IeOJMTOB C IIOMOMbBIO
Bazer "ICDD PDF-2", BEmyck 2011 roma.

[0109] KosmmuecTBO 1IeOJIMTOBHIX bparumm LTA 10 Macce
onpeneligaiT aHaJlu3oM PCA, OpMUeM 5TOT CIOCO0 MCIOOJb3YIT TaKxe IJIA
onpenejieHMUsS KOJIMUeCTBa LEeOJIMTOBHX OopaKumui, oTJnuanmmuxcsa oT LTA.
3T70T aHaJIM3 OCYINEeCTRBJIART Ha nOpubtope wMapku "Bruker", a 3zBarTem
IIOCPEenCcTBOM IpOoTpPaMMEL TOPAS KOMIIaHUU "Bruker" OLIEHUBAKLT
KOJIMUECTRBO LEOJIMTOBHX (QpaklMi 10 Macce.

OnpemnesieHMe BHeEIIHEN IMoBepxHocTu (M?/r) crnocoBboMm "t-plot"

[0110] B cnocobe pacueTa, Ha3weBaeMoM "t-plot", wmcHnoae3yoT
BHaAUEHUA V30 TEePMEL ancopdbumnm Quas=f (P/Pyg), uTo [IO3BOJISET
PACCUMTHEBATL I[IOBEPXHOCTL MUKPOIIOP. 3HaueHMe BHEmMHeM I[IOBEepPXHOCTU
MOXHO OIpenOeJIMTh, BHUMCIAS PAa3HOCTL C IIOBepxHOCThI BET, koTopas
ompenesisgeT fole)iinge) IIOBEPXHOCTH op B M2/ T (Sper=TIOBEPXHOCTH
MUKPOIIOP+BHEMHASA IOBEPXHOCTL) .

[0111] [nsa pacueTa I[DOBEPXHOCTM MMKpOIop crnocobom "t-plot”
CTPOAT KPUBYD Q.qs (cM>-T 1) B 3aBUCUMOCTM OT TOJIIMHE CJIOS t,
3aBUCANEeN OT IMIaplUMalbHOTO m»aBJieHusS P/Py, KoTopoe o0Opas3O0OBHBAJIOCH

O Ha CPaBHUTEJILHOM HEIOPMCTOM MaTepuale (t mpencraBjseT coOou
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dyHKLIMIO OT log (P/Py), HOpM 5TOM IMIPUMEHMMO YpaBHeHMe XapKMHcCa U
IOpa: [13,99/(0,034 - log(P/Py))%°]. B uHTepBajsie t or 0,35 mo 0,5
HM MOXHO IIPOBECTHM IIPpAMYyK, OINPelelIdolyl HadaJlbHYKR OPIOMHATY Qadss
KOTOpad IIO3BOJISET pPacCuMTaTh I[IOBEPXHOCTH MMKPOIIOP. ECiIM MaTepuall
He 4ABJIAeTCA MHUKPOIIOPMCTEM, TO IHIpaMas »OpoxomuT depe3 0 T1pu
OoIpeleJIeHUN, OCYIIECTBJIEHHOM nJisg LIEOJIMTOBOTO ancopbupyrmero
MaTepuasa, B KOTOPOM II0 MeHbmer Mepe 90% OPOTMBOMOHOB 3aMelleHH
KaJIbLMEM.

Onpenenenne obbeMa MeBOIIOpP

[0112] OnpenelieHue obweMa Me30II0op OCYIUECTBJISIT
TPpaOULUMOHHEIMM  CcIliocobaMu, TaKMMM KaK olpenejieHue o00BeMOB IIO
Bappery-IxoMHepy-XaJjieHIe (o amcopduum XuOkoro aszsoTa npmu 77K).

[0113] OObeM Me30I0Op OINpenesidlT, MWCXOOS U3 OolIpenejleHuA
M30TepMbEl ancopbumm rasa, TaKoI'O KakK as0T, IIpKM TeMllepaType
CXMKEHUS B 3aBUCUMOCTM OT pPas3MepoOB yYCTbLeB I[IOp LeoJMTa: B ciyuae
LeoJsinTa A, B KOTOPOM IIO MeHBIIel Mepe 90% IIPOTHMBOMOHOB
IpeIBapUTEeJIbHO 3aMeHeHH KaJjbliMeM, BeHOMpaoT as3oT. o ancopdbuun
LIEOJIMTOBEM ancopfUpyllMy MaTepuall IIpeldBapUTesIbHO OCBODOOXIAT OT
Tas30B IIpKM TeMIepaType B uHTepBajie oT 300 pmo 450°C B TeueHHUe
[IpOMeXyTKa BpeMeHM oT 9 mo 16 uyacoB B BakyyMe (P < 6,7-:107% Ila).
3aTeM OCYIECTBJIAT OIpenesieHMe M30TepM ancopdbumm Ha Opudope THUIla
"ASAP 2020" xowmmnaHumM "Micromeritics" mno MeHbmelM Mepe B 35 Toukax
UBSMEPEeHMS OTHOCUTEJILHOTO HaBJIeHMS B BHUIEe COOTHomeHus P/Py, B
uHTeppaje oT 0,002 mo 1. O6beM MHUKPOIOP OIpemesIglT COIJIacHO
Bappery-IxoMHepy-XaJleHIe, ncxXonda nu3 [IOJIYYEeHHOM N30 TEePME
COOTBETCTBEHHO CTaHmapTy ISO 15901-2 (2007). ObweMm Me30IO0OP,
OLleHEHHLI I[I0 YypaBHeHMIO BappeTa-IxoliHepa-XaJjleHOH, BHPaXaioT B CM>
XKMOKOTO amcopbaTa Ha TI'paMM LeOoJIMTOBOTO amcopbupyKRmero MaTepuala,
IprMYeM WM3MEPEHMS OCYIECTBJAOTCS IJA LeoJMTOBOTO alcopdfMpyKmero
MaTepuasyla, B KOTOPOM II0 MeHbmelr Mepe 90% OPOTMBOMOHOB 3aMelleHH
KaJblVMEM.

[0114] IlpuBelOeHHEEe [najiee IIPMMEPH CJyXaT IJs I[IOSCHeHUA
HacCTOAmMETO M300peTeHUsS WM He MVMelT LeJlbl OI'PaHUMUUMTBE OOBEM
IIaTeHTHOM OXPaHH, OoIpeleJIeHHHY B OYHKTAax OIPUJIOXEHHOM GOPMYJIE

n300peTeHuA.
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OpumMep 1. [onydyeHMe LISOIMUTOBOI'O aicopbupyllero MaTepuala IO
HacTosumeMy Mn300peTeHMI0

Cragus 1. CuHTe3 MeSOHNOPMCTOI'O LieoauTa A c npubaBlieHUEM
Bapomrueofpalyrllero I'ejii M OCHOBHOI'O I'elisg

a) IloslyyeHMe OCHOBHOI'O I'eJid

[0115] B cCTekJSHHOM peaKToOpe BMEeCTHMMOCTBK 1,5 JI, OCHaIleHHOM
3-JI0IIaCTHOM MemaJjIkoi, ofecleuMBaomeil CcKopocTk 600 o6 MuH Y, u
CHa®XeHHOM Tpeller pyfallkoM ¥ »HaTUMKOM TeMIepaTyphl, [IOJydanT
OCHOBHOM T'eJlb, CMellMBas pacTBOp aJiloMMHaTa, comepxammy 151 1
rMopokcuma HatTpua (NaOH), 112,4 1 TpuTruOopaTa OKCHIA aJIoMMHMA
(A1,05-3H,0, comepxamero 65,2% macc. Al,03) m 212 T Bomum npu 35°C
B TeueHMe 5 MMHYT I[IpM [epeMellMBaHuMMU CO CKopocThbi 600 o6 MuH ' C
PacTBOPOM CHMIMKaTa, colepxamuMm 321,4 T cuIMkaTa HaTpud M 325 T
BOmOEl Iipu 35°C.

[0116] OCHOBHOM TeJib XapakTepusyercs CJIe OYIOMYMM
CTEeXMOMETPUUECKMMM  COOTHOmMeHraMu: 3, 13Na,0/Al1,03/1,92S10,/68H,0.
T'oMOT eHMBaLIMIO OCHOBHOT'O TI'eJifi OCYWEeCTBJIAT IllepeMeliMBaHueM IIpu 600
06 'MMH ' B Teuenme 15 mmuyT npu 35°C.

b) IpubaBjeHne 3apolpmneobpasyiuiero Iejsd

[0117] K ocHoBHOMY Tejio npu 35°C m nepememuBaHuy nOpu 300

06 ‘MuH ! npmubassgoT 11,2 T 3sapogsmeobpasylmero rejgd (wm 1%
Macc.) c cocTaBoOM 2,05Na,0/A1,05/1,92510,/87H,0, IIOJIYYEHHOT O

aHaJIOT'TMMYHEIM O@paSOM, UYTO M OCHOBHOMU I'eJlb, "M CMeCHrM »OapT 3peTb B

1 B

TeueHMe 2 uyacob Impu 25°C. Tocjye romMoTeHuzaumm npu 300 00 -MUH-
TeueHre 5 MMHYT CKOPOCTEL IIepeMellMBaHMsg yMeHbmaionT no 190 o6 MuH *
M OPONOJIXaKT IlepeMellMBaThk B TedeHue 30 MMHYT.
c) BBeZeHMe B PeakKIMOHHYI CMECH CTPYKTYPUPYHKIEI'O areHTa
[0118] B peakKUMOHHYK CMecCcb BHocaT 35,7 1T 60%-170 pacTBOpa
XJjopuna [3— (TPUMMETOKCUCHUIINII) IIPONNJI ] OKTale IUJIOUME TUJIaMMOHM/ S
(TPOAC) B MeTaHoJie (MeOH) mnpu HOepeMellMBaHUM CO CkKOpocTeR 600

. (MOJIApHOE COOTHOIIEHNE TPOAC/A1,05=0, 04) . Cranuio

00 "MMH™
co3peBaHus ocymecTBJIAT npu 35°C B Teuenme 10 wmuyT npm 300
06 'MMH ' Hepell MHMUMAUMEN KPUCTaJJIM3allnu.

d) Kpucrajanzaimus

[0119] CKOpPOCTL IepeMelMBaHMA CHWXKanT o 190 o6 MuH ' U
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TeMIIepaTypy B Tpewomel pyballke peakTopa YyCTaHaBJIMBalT paBHOM 105°C
IJIS TOTO, UYTOOH pPeaKUMOHHYK CMeCh HarpeThb IO TemrnepaTypsl 97°C B

Teuenmre 40 MmHYT. Ilocjie BHIOEPXVMBAHUSA B TeueHre 3 uyacoB mpu 97°C
pPeakluIMOHHYID CMeChb OXxXJaxIalnT, LIUPKYJIMPYS XOJIOOHYI BOOy Uepes
Tpenmyl pydamKy, OJS OCTaHOBKM KPUCTAaJJIM3allVM.

e) OuIbTpoOBaHMe,/IPOMEBKA

[0120] Teepnele BemecTBa OTHOEJART UYepes QUIBTP M3 IIOPUCTOTO
CTekJla ¥ 3aTeM I[IPOMHBAaKRT YMATUEHHOM BOIOOM OO HeMTpaJIbHOTO
3HadeHMa pH.

) Cyuka

[0121] Cymky OCYmeCTBJSIOT B CymmjIbHOM mKady mnpu 90°C B
TeueHMe 8 YaCOB OJIA I[OJIYUYeHMS TBEPIOOT'O BelecTBa C NOTepsaMM IIOCIe
npokanuBaHusa 20%.

Cramusi 2. HMoHoofMeH Ha KalbLMM OIS I[OJY4YEeHUs IIOPOlIKa
MeBOoIoOPUCTOrO LeoauTa CaA

a) O6bMeH Ha MOHE KaJlbIIUs

[0122] IOia [oJiydeHMA  OuaMeTpa MUMKPOIIOP  OKOJIO 0,5 HM
OCYMeCTRBJIADT OOMeH Ha MOHH KaJblMg. I[IPUHATH CcJenyllre YCJIOBUS

MoHOOBMeHa: 50 T' CyxXOoTo MOpOolKa IPMBOOAT B KOHTakT ¢ 500 cm® 0,5

M pactBopa CaCl, mpm 70°C B TeueHMe 2 UYacCOB, 3aTeM (UILTPYIT U

3 Bogme. Omepaumio IMDOBTOPSRT 3 pasa (TPOMHOM

npoMelearT 280 cM
noHooOmMmeH) . CTeneHb oOMeHa Ha MOHE KaJlbLIMA cocTaBJgeT 92%.

b) Cymka

[0123] CymKy OCYmeCTBJISOT B CymMJIbHOM mKady nopu  90°C B
TedyeHMEe 8 UYaCOoB IJIA I[OJyUYeHMS TBEPIOOT'O BeMeCcTBa C [IOTepAMM I10CJe
npokajmeaHua 20%.

c) IlpoxaJjimBaHMUE

[0124] [TpokaJIMBaHme CYXOT'O nponykKTa, HeoB®xXoOuMoe oJisa
OODHOBPEMEHHOTO OCBOOOXIEeHMSA MMKPOIIOP (OT BOIE) M Me30IIop 3a CuUeT
yIaJleHMa CTPYKTYpUpYKRIero areHTa, OCYWECTRJIAKT NPpU yIaJleHUU
T'a30B BaKyyMMPOBAaHMEM C IIOCTEIEeHHHM I[IOIBEMOM TeMIIepaTypPH C IMaroM
50°C mo 400°C B TeueHMe MpPOMeXyTKa BpeMeHV oOT 9 mo 16 uYacoB B
BakyyMe (P < 6,7-107% IIa).

[0125] OOBeM MHUKPOIOP ¥ BHEMHAS IIOBEPXHOCTE, OIPeleJIeHHEE

rno wMeronurke "t-plot", wmcxomda 3 MU30TepMH ancopdbumMy aszoTa Ipu
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77K, mocJe yInaJleHMd Tas30B Npu pas3pexenum u npu 400°C B Teuenme 10
4acos, COoCTaBJILT COOTBETCTBEHHO  OT 0,208 mo 92 mMZ-1pl.
CpelIHeuUMCJIOBOM IMaMeTp KpMUCTaJlJIoB cocTaejageT 0,8 wMxM. IuaMeTp
Me3OIIop, PACCUMTAHHEM M3 MK30TEepMH amcopdlumu aszoTa, oIpelelJIeHHOM
criocoboMm DFT, HaxoIOUTCH B MHTepBale oT 5 0o 10 HM.
IudpakTOIPaMMa PEHTT'€HOBCKUX Jyuen COOTBETCTBYET CTPYKTYpPE
umcrtoro  LTA, IpM 5STOM HMKaKMe OpyI'Me 1LeOJIMTOBHE  (pakKluu
oBHapyXeHB He OwumM. MoJIiApHOe cooTHomeHre Si/Al B Me30MI0PUCTOM
CaA, omopelejieHHOe cCIocoBoM PeHTIeHOBCKOM QJyopecleHIMM, PaBHO
1,02.

Cramusa 3. lolydeHMe arJIOMEepaTOB MeBOIoOpMCTOroc leonmuTa CaA

[0126] B rnocielywolleM OIMCaHUM I[IPUMBEIEeHHEEe 3HaueHMd Macc
BHpaXeHH B pacueTe Ha Oe3BOIHHM SKBMBAJIEHT.

[0127] TIlomydualT OIOHOPOIHYK CMEChH, cocTogamylo wmu3 1700 T
KPMCTAJIJIOB Me30IOPpUCTOTO LeoJuTa CaA, I[IOJy4deHHOTO Ha CcTaiuu 2,
300 r arranyaerura "Zeoclay®", peasusyemMoro kowmmnaHmelr CECA, a
TaKxe BOIE B KOJIMUEeCTBE, oBecrieurBawleM noTepu rocJie
IpoKaJMBaHMA IacTH Iepen QopMoBaHMeM B paszMepe 35%. I[IoJIyUeHHYIO
TakMM oOpa30oM IacTy MCIOJb3YIT Ha  TapeJiIke-TpaHyJdaTope  OJ4
[IOJIYUYEHMSI MapMKOB aIlJIOMEPUMPOBAHHOTO IEeOJMTOBOTO alcopdbMpynmero
MaTepurajla. OTOOp OPpOCEeMBAHMEM IIOJIYUEHHEX MapMKOB OCYIEeCTBIIST
Tak, 4YTOOH cofpaTh WMapMKM C IMaMeTpoM B MHTepBajie oT 0,3 mo 0,8
MM M CO CpeOHeOOBeMHEM OMaMeTpoM, pabBHeM 0,55 mMm.

[0128] Mapukwm cymaT B TeueHue HOUM B BEHTUJIVPYEMOM
cymmibHOM mKady opu 80°C. BaTeM MX NPOKaJIMBALT B TeueHMe 2 U IIPHU

550°C mpu mnpomyBKe as0TOM M 3aTeM B TeueHue 2 u npu 550°C npwu
IPONYyBKe CyXUMM NeKapOOHM3UPOBAHHBIM BO3IOYyXOM.

Cramusg 4. OnpefeyleHUe XapaKTEepPUCTHUK

[0129] BHemHS4 [IOBEPXHOCTHL MapMKOB MEe30MNOPUMCTOTO IIeoJIMTa
CaA paBHa 92 M? Ha TI'paMM aIncopbeHTa, a o0BeM MUKPOIOP COCTAaBJIAET
0,202 cM® Ha TpaMM aImcopBeHTa. YOEJLHEN O00BEeM MUKPOIOP COCTaBJIAeT

0,131 cm® Ha oM

LEeOJIMTOBOTO aIncopbupylmero MaTepuaia. 00beM
Mesomnop paseH 0,140 cm® Ha rpaMM amcop®eHTa B HaTPUNA-KaTUOHUTHONM
bopme. OOmmMM o0OBEeM MaKpO—- ¥ Me30I0p, ONpPedeJIeHHHM [0 MWHTPY3UU

pryTH, cocrabigeT 0,41 cM® Ha TpaMMm amcopbeHTa.
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[0130] AToMHOe cCcooTHomeHMe Si/Al B anmcopdeHTe CoOCTaBJIgeT
1,25. CootTHomeHue Si/Al B LeOJUTe, CoOIepXameMCsS B IIeOJIUMTOBOM
ancopbupyplleM MaTepuale, paBHO 1,01 npu omopenejieHUM CIOCODOOM
TBepnoTeJIbHOTO fAMP kpemHuUsa 29.

[0131] ComepxaHMe oTJMUaKmeMlcsa OT lLeouTa opakumm (PNZ) nopwm
omnpepejyieHun crnocodtom PCA M B pacueTe Ha MaccCy I[IO OTHOIEHUKD K
obmel Macce amcopbeHTa cocTaBJasgeT 15,0%.

OpuMep 2 CpaBHUTENLHEM LIEOJIMUTOBHEM agCOPOMpPyIOUMi MaTepuas

[0132] MojekymnapHoe cuTo "Siliporite® NK20" xomnauum CECA

npencraBJigeT coBon MaTepural Ha OCHOBE LeoJmTa CaA,
arJIOMEPUPOBAHHOTO C aTTalyJIbTUTOM. CpenHeOOBLEMHEM oraMeTp
MapUKOB paBeH 0,55 MM. ConepxaHue OKCUIa KaJbLUu4g Cao,

OoIpelleJIeHHOE criocobom ICP-AES, cCOCTaBJISgET 15,7 Macc.% 1o
OTHOmEeHMID K ofmed Macce MOJIEKYJIAPHOTO CUTa WJIM COOTBETCTBYET
cTeneHu MoHoOoOMeHa Ha Ca, paBHOM 92% B pacueTe Ha IIOPOIIOK.

[0133] BHemHAS IOBEPXHOCTL paBHa 39 M? Ha T'paMM amcopbeHTa,
a obbeM MHMKpPOIOp cocTaejger 0,238 cM® Ha TpamMMm amncopbeHTa.
YOeJdpHH o6heM MMKPONIOop cocTabjgeT 0,167 cM® Ha CcM® LEOJMTOBOTO
ancopbupypmero MarTepualsa. O00beM Mesonop pabBed 0,07 cMm® Ha TpaMMm
ancopBeHTa. OO0mMM oBBeM MakKpo—- ¥ Me30Iop, OIpeleJIeHHBM IO
UHTPY3UM PTyTH, cocTabjgger 0,30 cM® 10! mug amcopbeHTa B HaTpU-
KaTUMOHUTHOM dopMe.

[0134] AToMHOe cooTHomeHMe Si/Al B amcopbeHTe CoOCTaBJIAgET
1,23. CopmepxaHMe oTJIMUakmeNcs OT LeoJuTa ofpakuuu (PNZ) 1mopu
omnpenejyieHun crnocotom PCA M B pacueTe Ha MaccCy IO OTHOIEHUKD K
obmel Macce amcopbeHTa cocTaBJgeT 15,5%.

OpuMep 3

HcnosiraHuss 0o paisfeneHnw N,/O, B HeNonBHMXHOM CJloe afcopbeHTa
B cJayvae amgcopbLxu NpH NepeMeHHOM LaBJICHMIH.

[0135] HchomTaHMe IO pasmeyieHuio N,/0O, OCYmMeCTBJIAIM alcopdluent
B OIOHOM KOJIOHKe COIJlaCHO IMNPMHIMIIY, W3JIOXKeHHOMY B CcTaThe E. Alpay
M CoaBT. (CM. BHIIE) .

[0136] Ha oémr. 1 nokasaHa cxeMa OCYIEeCTBJIEHHOM YCTAHOBKM. B
KOJIOHKY (1) C BHYTpPpeHHMM IMaMeTpoM 27,5 MM U BHYTPeHHeM BECOTOM

600 MM, B3aroJIHEHHYK II€OJIMTOBEIM aIcopbMpyrRmyM MaTepuaJioM (2),
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nomaBallM CyxOoM BO3IOyX (3) B IPepHBUCTOM pexuMe, oOecleurBaeMOM
fiaronapda kJjarnanHy (4). Bpemsa nomauM B KOJIOHKY (1) mnoToka (3)
Has3eBawT BpeMeHeM ancopbumm. Korma B KOJIOHKY (1) He mnonmaercd
CYXOoM BOBIYyX, TO IOTOK (3) ymalsgeTca B aTMochepy uUepe3 KJalaH
(5). e O IMTOBEM aIcopbupynommi MaTepural NIPenilouTUTEJILEHO
ancopBbupyeT asoT, Tak d4YTO BO3OYX, oOOoTameHHE  KMUCJIOPOOOM,

BEHIXOOIMT M3 KOJIOHKM UYepes oOpaTHHM KJjamnaH (6) B OybepHYD eMKOCTb

(7). Perynupyommil KjalaH (8) B HENpPepHBHOM pexuMe oOecledrBaeT
[IOCTYILJIEHUE ra3a Ha  BHXOI (9) C  OUKCHUPOBAHHEIM I[IOCTOSIHHEM
pacxomoM 1 HiIMMH '. Korma B KOJIOHKY (1) He momaeTcsa ras, TO eCTb

KOoI'ma kJarnaH (4) B3BakpHT, a KjalaH (5) OTKPHT, TO B KOJOHKe (1)
CHMWXaeTCsa HOaBJleHMe 3a cueT cOpoca TI'aza uepe3s KkjamnaH (10) B
aTMochepy (11) B TedueHMe  IIPOMEXYyTKa BpeMeHH, HasEBaeMoOI'O
BpeMeHeM Jecopbumu. O®as3u apcopbumu M OecopdbuuM CJIenyioT OoOHa 3a
oIpyTron. HJIUTEJILHOCTL 5Tux (a3 (UMKCUPOBAHHO IIOBTOPSETCS M3 LUKJIA
B LIMKJI u MOXeT PETYIMPOBATHCH. B Tabamie 1 yKasaHo
COOTBETCTBRYyKIEeE COCTOSAHUE KJIallaHOB B 3aBUCUMOCTHU oT bas
amcopbunmu M mecopdbuum.

Tabauita 1

®aza amcopdOumuu d®aza mecopbdbumm

Kimannan (4) OTKPHT Kimanman (4) 3akxkpelT

Kilannan (5) 3akpeT Kitaman (5) OTKPBT

Kimanan (10) 3akpuT |(Kitanan (10) OTKpPHT

[0137] VcnieITaHmsa OBLIIN rocJiegoBaTeJIbHO ocylueCcTBJIEHH c

1€ 0JIMTOBEMMA ancopOupyRIMA MaTepMajlaMn 1o IpUMeEpPY 1 (rio
HacToAmeMy M300peTeHM©) UM IOIpUMMepy 2 (CPaBHUTEJBHOMY) . B KOJOHKY
3arpyXalm IIOCTO SHHHIM obweM ancopOUpyRMMX MaTepHraJioB,

cooTBeTCTBOBaBRmMM 241,2 T m 259,2 1.

[0138] JaBJjieHMe Ha BXOJIe yCTaHaBJIMBaJIM paBHEM 280 klla Brme
aTMoCchepHOTO. Pacxon Ha BHXOOE YCTaHaBJIMBAJIM PaBHEM 1 HJI MUH *.
Bpemsa agpcopbumum ycTaHaBJIuUBaIuM paBHeM 0,25 <. Bpems z»pecopbuumu
BappUpoOBaJIM B MHTepBajge oT 0,25 mo 1,50 c. KoHlleHTpalun©
KMCJoponoa Ha  BHXOIOe (9) OIpenesiajiM  aHaJM3aTOpOM  KUCJIopona

"Servomex 570A".
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[0139] Ha oémr. 2 mnoka3aHO CoIepXaHue KHCJopoha B IIOTOKe,
[IOJIYYEeHHOM Ha  BHEXOe (9), B 3aBUCHMMOCTM OT YCTaHOBJIEHHOI'O
BpeMeHM OecopbuuM B Cllydae MaTepualJioB II0 IPpMMepy 1 U IIpUMEpY 2.
HecMoTpsas Ha MeHBIYH MacCy 3arpy3KM B KOJIOHKe, MaTepuall IO
npuMepy 1 ([0 HacTodAmeMy M300peTeHMID) OKaszaJiICad BHauUuTeJIbHO OJoJiee

2bbeKTUBHEM, UYeM MaTepuall 10 IpuMepy 2 (CpaBHUTEJHLHOMY) .
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$OPMYJIA MBOEPETEHNA

1. IpuMeHeHMe IJS pas3desleHVs U/UIM CYNKM Tas30B I10 MeHbIen
Mepe OIOHOT'O LeOJIMTOBOTO alcopbMpyKRllel'0 MaTepuala, comepXalel'o II0
MeHBIIEM Mepe OIMH LeoJMT Tulla A, OpuUeM YKa3aHHHM aICopOeHT
XapakTepusyeTcd:

- BHeNHEM [OBEPXHOCTLI, OIpemeJIeHHOM IO ancopbumm aszoTa,
BHpAXeHHOM B M? Ha T'paMMm ancopfeHTa, OpeBmmawomerr 20 M2 17! u
NPenrnouTUTeJIbHO Haxondmencs B MHTepBajle oT 20 no 300 w2 -7t
BoJlee IpennouTUTEeJIbHO oT 30 oo 250 M2 ol eme BoJiee
1

NpennouTuTesbHo oT 40 mo 200 M? -1

50 mo 200 m%-7%;

n HamboJiee InpenriodyTrMTeJIEHO OT

- CcoIepXaHMeM HeleOoJIUTOBOM opakuum (PNZ), COOTBETCTBYIINVM
HepabBeHcTBaM 0 < PNZ < 30%, npenmnoutuTesibHO 3 < PNZ < 25%, OoJee
opennouTuTesbHo 3 < PNZ < 20%, npeuMmymecTBeHHO 5 < PNZ < 20% wu

HauboJiee mnpenmnouTuTelJibHO 7 < PNZ < 18% nOpu oOHIpenelJIeHUM MeTOIOM
OPJI (mmdpakumMsa PEeHTTEeHOBCKMX JyudeM) B MACCOBEX IIpPOlleHTax IO
OTHOIEeHMI0 K ofmel Macce alncopbeHTa;

- ob6BeMOM Me30mop B wuHTepBajsie or 0,07 mo 0,18 cMm®-rt,
npennodruresbdo or 0,10 mo 0,18 cM® 1!, GoJslee MNPEenIoOUTUTEIIBHO OT
0,12 mo 0,18 cM®'r !t u HaubBosiee mpepnmnoururesibHo oT 0,14 mo 0,18
cM® ‘T, BrIJIOUad I'paHUUHLE 3HAUYeHNd;

- aTOMHHM COOTHoOmeHMeM Si/Al B ajcopbeHTe B MHTepBaje OT
1,0 oo 2,0, IpenrnouTUTeJIbHO oT 1,0 oo 1,6 wm HamboJlee
npenmnourmuressHo oT 1,0 mo 1,4;

IpuyueM KOMILJIEKC M3MePeHUM OCymeCTBJISeTCsS IJIS alcopbupyomeTro
MaTepuasya, B KOTOPOM II0 MeHbmelr Mepe 90% OPOTMBOMOHOB 3aMelleHH
KaJblMEM.

2. IlpyMeHeHMe @O IoI. 1, B KOTOPOM IIO MeHbIIeM Mepe OIMH
LIEeOJIMTOBLEM anCopfUpyRIMY MaTeprall XapaKTepusyeTcsa COOTHOMeHMEeM
(Vmicro — Vmeso) /Vmicre B MUHTepBajie orT -0,3 mo 1,0, He BKJIoYad
TPaHWUYHHE 3HadYeHMd, OpeuMmymecTBeHHo oT -0,1 mo 0,9, He BKJIKUYaSA
TPaHWUHEE 3HadyeHMd, OpeanoudTuressHo oT 0 pmo 0,9, He BKIOYad
TPaHMUHEE 3HaueHMda, OoJee mpennouyrurespbHo oT 0,2 mo 0,8, He
BKJIOUAA TI'pPaHWUYHHEE 3HaueHud, eme O0oJiee mnpenmnourmresbHo oT 0,4 1o

O, 8, He BRJIKYaAaAd TI'PaHMYHBEIE 3SHaAUeHVA, U HauboJiee IIpeoIriouyTrTEeJIEHO
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or 0,6 mo 0,8, He BKJIOUYaAd I'PaHMUHEIE 3HaUeHMUHd, TIe Vypicro O3HaUaeT
o6LeM MUMKPOIIOP, OIpenejlIeHHEM crnocoboMm [IyOMHMHa-PanymkeBMda, a
Vieso O3HadaeT o00BeM Me30I0p, OIpelleJlIeHHHM crnocoboM BapperTa-
IxorHepa-XaJjieHnus (BJH), OpuUueM KOMILJIEKC M3MEPEHUNM OCYMEeCTBJIAETCSA
o8 aZcopbupynmero MaTepuala, B KOTOPOM IO MeHbmeM Mepe 90%
[IPOTUBOMOHOB 3aMelleHH KaJlbLIMeM.

3. IlpMMeHeHMe IO I. 1 WM 2, B KOTOPOM IIO MeHLBIey Mepe OIUH
LIeOJIMTOBEM ancopbuUpyRmMil MaTepuall ofbjladaeT O0O0BEMOM MMKPOIIOP

3

(obweMoM 110 [yOMHMHY-PaOymKeBUUY), BHPAaXEHHEIM B CM° Ha I'PaMM

LIEOJIMTORBOTO alcopbupynmero MaTepuala, B MHTepBaje oT 0,160 mo

0,280 cM®'rt, nOpeummymecTBe”HHo orT 0,180 mo 0,280 om’-Ti,

npennoururesbHo or 0,200 mo 0,280 cm® -0t

n 0OoJiee MIPEenIouTUTEJIEHO
or 0,220 pmo 0,280 cMm®'r! mpu onpemesedHnMu OJid ancopbupyomero
MaTepuaja, B KOTOPOM IO MeHbmel Mepe 90% OPOTHMBOMOHOEB BaMeleHH
KaJlbLJeM.

4., IlpuMeHeHMe IO JioBoMy M3 M. 1-3, B KOTOPOM IIO MeHbIeM
Mepe OIMH 1LeOoJIMT Tulla A xXapakKTepusyeTcs COoOTHomeHMem Si/Al,
paBuemMm 1,00 +/- 0,05, mnOpuueM cooTHomeHMe Si/Al oIpenendoT
CIIOCOOOM TBEePOOTEJIBLHOTO ANEpHOTO MarHMTHOTO pPe3O0OHaHca (SIMP)
KpeMHUSA 29.

5. IIpuMeHeHMe T1I0 JOOMYy M3 . 1-4, B KOTOPOM IEOJMUTOBHM
amcopbupyrommi MaTepuaJl COIEepPXMT II0 MeHbIelM Mepe OIMH KaTMOH,
BHIOPaHHEM nus3 MOHOB TPYIII IA, I1IA, ITIA, IB, 11IB, ITIB
ITeproonUueCcKOM CUCTEME BJIEMEHTOR, TpexBaJIeHTHHX VMOHOB nu3
INOOTPYIIE JIAHTAHOMIOOER WJIM PeIKO3eMeJIbHEIX BSJIEMEHTOB, MOHa LMHKA
(IT), wnoHa cepebpa (I), wmoHa Memum (II), wmoHa xpoma (III), wmoHa
Xejiesa (ITI), wmoHa aMMOHMVA WU/UIM MVOHa TUIPOKCOHUS, npruyYeM
NIPedlIouTUTEeJIbHEMM MOHaMM SBJSAITCS MOHB KaJlbLUWA, JMTUSA, HaTPpU§,
Kajusa, Oapud, LesUsa, CTPOHUMS, LMHKA U PeOKO3eMEeJIbHEX SJIEMEeHTOB
u ©OoJlee IMPenlouTUTEeJIbHO WMOHH HaTpusa, KaJblIMad W KaJdusg, W UX
cMecelt,

6. IlpuMeHeHMe 11O JOOOMYy M3 MHII. 1-5 IJIS CYWKM KPEeKMHI-T'a30B.

7. TlpuMMeHeHMe IO II. 6, B KOTOPOM ILIEOJUTOBHM adCcopOupyRni
MaTepural COOEPXUT 1o MeHbIIen Mepe OOVH NIPennouyTUTEJIbEHO
MEe3OIOPUCTHM LeoJnuT 3A.

8. IlpumeHeHMe 10 JOOMYy W3 IIII. 1-5 mjga  CcymKM M/ uianm
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pasieljieHrMd TeKyuMux XJjlagal'eHTOoRB, IIpennourmresjbHo HFC wm HFO, wu
NpennouTuTesibHo njag cymkm 1,1,1,2-TterpadpTopsTaHa wu  2,3,3,3-
TeTpadTopIpolleHa.

9. IlpMMeHeHMe IIO II. 8, B KOTOPOM LEOJIMTOBHIN aXCOopOUpyRIN
MaTepurall COIEepPXUT 1o MeHbIen Mepe OIOVH NIPennouyTUTEJIbEHO
ME3OIOPUCTHEM L1eoJUMT A, BHOpaHHEM H¥3 LeoJuToB 3A, 4A, LA u ux
cMecen.

10. IlpumMeHeHMe 110 JiOOMY M3 M. 1-5 1Jd CYIIKM CIUPTOB,
NIpenlouTUTeJIbHO 2TaHoJa.

11. IlpumeHeHMe IO II. 10, B KOTOPOM LEOJIMTOBEM aXCOopOUPYyRIINM
MaTepurall COIEPXUT 1o MeHbIen Mepe OOVH NIpenlouTUTEeJIbHO
ME3OIIOPUCTEM LeosnuT 3A.

12. TIlpMeHeHMe 1o JwOOMY M3 M. 1-5 miag Ccymky u/uiam
pasiejyleHra BO3OyXa U IIPOMBIJIEHHEX I'a30B.

13. IIpuMeHeHMe IO II. 12, B KOTOPOM LEOJIMTOBHM aXCopOUpyOmmUn
MaTepurall COOEPXUT 1o MeHbInen Mepe OOVH IpenilouTUTeJIbHO
ME3O0IIOPUCTHEM LeoJUT A, BHOPaHHHNM W3 LeoJUTOB 3A, 4A, 5A u ux
cMecen.

14. IlpuMmeHeHMe IO JOOOMY M3 M. 1-5 OJ49 OUMCTKM OJIeQMHOB, B
YAaCTHOCTM IJIS YIaJleHUs IIpuMecel, OPedlouTHUTEeJIbHO OJId YIaJleHUd
KUCJIOpOOCOmepXalux NpuMecel M 0oJiee NPedlouTHUTEeJIbHO IJIS yIaJleHUS
MeTaHoJa.

15. IlpuMmeHeHMVe O II. 14, B KOTOPOM ILEOJIMTOBEM amCcopOupyrmui
MaTepurasl COOEepPXUT 1o MeHbIen Mepe OIOMH NpennouyTUTEeJIbEHO
MEe3OIOPUCTHY LeoJIMT A, BHOpPaHHEM M3 LeoJMToB 3A, 4A, DL5A u ux
cMeceM, NPenlouTUTeNIbHO U3 LeoJIMTOB 3A, 4A UM UX CcMecel.

16. IpuMeHeHMe II0 JiOOOMYy M3 HI. 1-5 IOJjg CymKM U/UIM OUUCTKU
IIPUPOIHOTO rasa, B YaCTHOCTHU oIS yIaJleHUd IpuMecem u
NPenlouTUTEeJIbHO IJIA YyIaJleHMSa »OMOKCHIa YyIJlepola, IUIOPOCYJIbOUIOB
U/ WUIM JIeTKUX MepKallTaHOB.

17. IlpMMeHeHMe IO II. 16, B KOTOPOM LEOJIMTOBEM aXCopOUpyRlni
MaTepHrall COIEepPXUT 1o MeHbIen Mepe OIOVH NIPennoudTUTEJIbEHO
MEe3OIOPUCTHEM LeoJUT A, BHOpaHHEM U3 LeoJMToB 3A, 4A, LA u ux
cMecen.

18. [MlpuMeHeHVe 1[I0 JiodoMy M3 . 1-5 1nma pas3nejeHusd

napadmHoB.
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19. IlpMMeHeHMe O II. 18, B KOTOPOM LEOJIMTOBEM aXCopOUpyRlni
MaTepural COIEepPXUT 1o MeHbIen Mepe OIOVH NIPennouyTUTEJIBHO
MEe3OIOPUCTHI LeoJIUT 5A.

20. IpuMeHeHMe IO JOOOMY M3 . 1-5, @OJIS CYmKM W/ UK
OUMCTKM CUHTe3-Ta3a [IpelllOUTUTEeJIEHO IJIA [IPOM3BOLCTBAa BOIOPOLA.

21. IpwmuMeHeHHUe 1o . 20, B KOTOPOM LEOJMTOBHN alCOopOUpylmmi
MaTepural COIEPXUT 1o MeHbIen Mepe OIOVH NIPenrnouyTUTEeJIbHO
ME3OIOPUCTHM LeoJUT A, BHOpaHHEM U3 LeoJuToB 3A, 4A, LA um ux
CcMecel.

22 . LUeONUTOBRHM aICcOopOUpyRIUM MaTepMall, XapaKTepU3YNUNICH:

- COOTHOIIEHMEM Si/Al B YKas3aHHOM ancopbeHTe,

COOTBETCTBYKIKYM HepabBeHcTBamM 1,0 < Si/Al < 2,0, OpednodTUTEJIbLHO

1,0 < 8Si/Al < 1,6 u GoJyee mnpenmnoururespbHo 1 < Si/Al < 1,4;

- ob6BbeMOM Me30mop B wuHTepBajle or 0,07 mo 0,18 cMm®-r0l,
npennoururesbHo oT 0,10 mo 0,18 cm®:r7!, 6ojsiee NPemmoOUTUTENLEHO OT
0,12 mo 0,18 cM®r ! m Haubojsee mpemnourTuresbHo oT 0,14 mo 0,18
cM® r7l, BrIOUAS TIpaHMUHLHE SHaueHWd;

- cooTHomeHueM (Viyicro — Vmeso) /Vmicro B MHTepBajie oT -0,3 mo
1,0, He BrJOUaAA TPaHMUHBEE 3HaueHMHd, IOpeuMymecTBeHHO oT -0,1 @mo
0,9, He BKJW0Uaa TPaHMUHHE 3HaueHMHd, OpexnnourTmuresbHo oT O mo 0,9,
He BKJIOUasa TI'PaHMUHBEE 3HaueHMsa, OoJiee OpennodruTesibHO oT 0,2 @Oo
0,8, He BKJKNUafA TI'pPaHUUHLHE 33HaUeHUsd, eme 0oJiee NPpeldloUTUTEeJIbHO OT
0,4 oo 0,8, He BKJIOUA 4 TPaHMUHEE 3HAUEHUS, u HauboJlee
npenmnourureJibHO oT 0,6 pmo 0,8, He BKJIKOYaAd TI'PaHMUHBEE 3HAUYEHUS,
roe  Vipiero ompeneJyieHO criocobtbomMm JyOmMHMHa-PanymkeBUUa, a  Vieso
omnpenesyieHO crnocodoM BJH;

- CcomepxXaHMeM HeleoJIMTOBOM ¢pakumuu (PNZ), COOTBETCTBYIIOIVM
HepaBeHcTBaM 0 < PNZ < 30%, mnpenmnourureJistHO 3 < PNZ < 25%, OoJiee

npenmnourTmureJibHo 3 < PNZ < 20%, npeumMmymecTBeHHO 5 < PNZ < 20% wm

HauboJlee IMIpellouTuTelibHO 7 < PNZ < 18% mOpu OIpelellIeHUM MeTOINOM
IOPJI B MaCCOBEHX IpPOIIeHTax IO OTHOMEHMK K oOOmel Macce LeOoJIMTOBOTO
ancopbupyKlero Marepuala;

IpruyueM KOMILJIEKC WM3MEepeHUM OCYMeCTBJISAeTCa IJS LeOJIUTOBOTO
ancopbupynmero  MaTepuala, B KOTOpPOM IIO MeHBIEW Mepe 90%

IIPOTHMBEOMOHOB 3aMeElleHEl KaJlbIIMeEM.
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23. LeoJUTOBHM amcopbupyllMM MaTepuaJl o IoI. 22, obJjajalmui
00BeMOM MUKpPOIOP (oObkeMoM N0 [JyOMHMHYy-PanymKeBMUYy), BHPAaXEHHHM B
cM® Ha TI'paMM LEOJUTOBOTO aIcopbupyolero MarTepualjia, B MHTepBajle OT
0,160 mo 0,280 cm®-r !, mpemmoururesbHO orT 0,180 mo 0,280 cm®-1m7d,
GoJjiee mnpepnouTuresbHO orT 0,200 mo 0,280 cm® 0! M mpeuMymecCTBEHHO
or 0,220 mo 0,280 cMm®-T! mpu ompenejeHMr o6beMa MUKPOIIOP MIJIS
LIeOJIMTOBOTO alcopbupyKllero MaTepualsa, B KOTOPOM IO MeHBIIeV Mepe
90% HNPOTUBOMOHOB 3BaMelleHH KaJlbLUeM.

24, LeONUTOBHM ancopbupylmuy MaTepuaj Do . 22 wuwiu 23, B
KOTOPOM OOmui o0O0BeM MaKpO— M Me30Iop, OIPeleJIeHHHM I[I0 MUHTPY3UU

pPTYTH, HaxXxoOuTC4d B MHTepRaje oT 0,15 oo 0,50 cM® T,

3 -1

NpenrIouTUTEeJIbHO oT 0,20 oo 0,40 CM” T u HamboJiee
npepnouyTuTresibio ot 0,20 mo 0,35 cM®'0! Opu  ompenesieHUMM [OJiA
LIEeOJIMTOBOTO alcopbupyluelo MaTepualja, B KOTOPOM IIO MeHBIIEeNM Mepe
90% NPOTMBOMOHOB 3aMelleHBE KaJlbLUMEM.

25. LeOJUTOBHM ancopfOMpylIMi MaTepralJl 10 JodoMy U3 M. 22-
24, obJjajanmyi BHemHeM I[IOBEPXHOCTLI, OIpelelIeHHOM II0 ancopdumnmn
asoTa, BHPakeHHOM B M? Ha I'paMM alcopbeHTa, OpeBmmapmer 20 M2 -1t
M [OPenlouyTHUTEJILHO HaxXondlmelcsa B uHTepBajie orT 20 mo 300 M2 -0t
OpennouTuressHo oT 30 mo 250 M? 1!, 6oJjiee MNPenIoUuTUTENIEHO oT 40
mo 200 M? 10! m "amboJsiee MPENNOUTUTEJILHO B MHTepbBajie oT 50 mo 200
M? D! IIpM oNpemesIeHuMM MJIS 1LEeOJMTOBOTO alCcopfupyKlero MaTepuana,
B KOTOPOM IO MeHbIeV Mepe 90% NPOTHMBOMOHOB 3aMelleHH KaJlbIMeM.

26. IeOJIMTOBEM aIcopOMPyMUM MaTepual 10 JoboMy M3 M. 22-
25, obJjamanmuii yIOeJbHHM OOBEeMOM MUKPOIIOP, BHPAaXeHHEIM B CM° Ha CM>
eOJIMTOBOTO alcopbupyKmero MaTepualsa, B KOTOPOM IO MeHLBIIel Mepe
90% NOPOTMBOMOHOB 3aMelleHH KaJjiblueM, u npeBemalmmMm 0,01 cm®-cm 3,
IperMyIeCTBEeHHO IpeRHIAIUM 0,02 cM® oM 3, OpelnouTUTEeNIBEHO
npeswmakmmMm 0, 03 cM® -cm 3, OGoJiee MNpPennouTHUTeSbHO OpeBsmaommum 0, 04
cM® M ¥ HamboJlee MNPenouTUTEJILHO MpeBbmabmyMm 0, 05 cm® -cm 2.

27. MaTrepman no JwboMy U3 Oo. 22-26, obJjJajanomuy oOmyM
00BEMOM MaKpO— W Me30Iop, OlIpeleJIeHHHEM I[I0 WMHTPY3MM pPTyTH, B
uHTeppajsie or 0,15 mo 0,5 oM rl, U xXapakTepusyomMica HoJien
oBbpeMa MaKpoliop B MHTepBajie oT 0,2 mo 1 m mnpennodruTessHO oT 0,4

no 0,8 ofmero obkeMa MaKpO— U Me30l0p, BKJIOYaAA IPaHWUYHEE

SHa4UeHNMA, InprnuyeM VSMEePpEeHMA OCYMEeCTRBJIIAOTCHA IJIA ancop@mpyzomero
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MaTeprajla, B KOTOpPOM IIO MeHbIen Mepe 90% IIPOTMBOVMOHOB 3 aMelleHE
KaJIbIVeM.
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