Al

202090411

(19) EBpa3unckoe @) 202090411 13 A1l
naTeHTHOEe
Be4OMCTBO
(120 OMUCAHUE U30BPETEHUS K EBPASUICKOM 3ASIBKE
(43) Aara ny6nukauum sasiskm (51) Int. Cl. CO01B 39/02 (2006.01)
2020.05.22
(22) Aara nonauu sasBku
2018.07.31
(54) CHIOCOb I[OHOJIHI/ITEJIBHOFI OBPABOTKHU HEOJ/IUTA
(31) 1712238.3; 1713838.9; 1714001.3; (71) 3assurens:
1714025.2 KATOJUKE YHUBEPCUTENUT
(32) 2017.07.31; 2017.08.29; 2017.08.31; JIEBEH (BE)
(33) ?;7'09'01 (72) Wsobpetatens:
(86) PCT/EP2018/070702 Bepoyxen Mannn, Cexc bepr ©.,
(87) WO 2019/025428 2019.02.07 AUAamioon Maprun A. (BE)
(74) nNpeacrasutens:
HocsipeBa E.JI. (RU)
57) Hacrosinee u300peTeHne B LEIOM OTHOCUTCH K CIOCOOY HPOBEAEHUS KOHTPOIMPYEMBIX 00pabOTOK
(57) p y p poHpy p

HIEJIOYBI0 WJIM KUCJIOTOW HEOPraHWYECKUX MOPUCTBHIX TBEPABIX BEUIECTB C MOIYUYEHHEM YIYYIIEHHBIX
(PM3MKO-XMMHUYECKAX W KAaTaINTHYECKHX CBOWCTB, TOTAAa Kak pa3Mep 4YacTWI] U KPUCTAUIOB HE
MOJIBEPraeTcs HETraTMBHOMY BIMAHHIO. COOTBETCTBEHHO, TBEPABIE BELIECTBA, MOIYYEHHBIE TaKUM
00pa3oM, MOXKHO JIETKO BOCCTaHABJIMBAThH M3 IICIIOYHOTO pacTBopa. [locienHee npeacTaiseT npooiemMy
B MIPEALIECTBYIOMIEM YPOBHE TEXHUKH.
Kucnora nin ocuopanne Ilopucroe TBeproe
BelllecTBO
m, WM my my

JloGaBenney JloGaBnenney-_;

PacrBopurenn OGpa6oTka,

11v06020¢

v



10

15

20

25

WO 2019/025428 PCT/EP2018/070702

P84650321EA

CIIOCOB JONOJIHUTEJIBbHOM OFPABOTKH IIEQJIUTA

OBJIACTb TEXHUKH

Hacrosimee m3oOpereHne B LENIOM OTHOCUTCSA K CIOCOOy MpOBeNeHHs KOHTPOJIUPYEMBIX
NOCJIEIOBATENIbHBIX  O0pa0OTOK IIENIOYBID MM KUCJIOTOH HEOPTaHHYECKUX TMOPHCTHIX
TBEPIBbIX BEINECTB C TOJYYCHHUEM YJIYYIIEHHBIX (PU3UKO-XHMHYECKHX W KaTATUTHUYECKUX
CBOMCTB, TOI/1a KaK pa3Mep 4YacTHIl U KPUCTAJJIOB HE MOJBEPraeTcsi HeraTUBHOMY BJIUSIHUIO.
CoOTBETCTBEHHO, TBEPbIE BEIIECTBA, ITOJyUYEHHBIE TAKIM 00pa30M, MOKHO JIETKO U3BIIEKATh

U3 LIEJIOYHOTO PACTBOPA.
IMPEAITOCBIJIKHM K CO3JAHWIO U30BPETEHH A

IleomuTbl MPEACTABISIFOT COOOM MHKPOIOPUCTBIE CTPYKTYpPBl Ha OCHOBE OKCHIA,
NPEACTABIIIOIIEr0 COOOH aNFOMOCHIIMKAT, KOTOPbIE XapaKTEPU3YIOTCS YETKO BBIPAKEHHBIMH
NOPUCTBIMUA ~ CTPYKTYpPaMH  BCJEICTBHE  BBICOKOH  CTENMEHHM  KPHUCTAJUIMYHOCTH.
Kpucramnnyecknue aqroMOCHINKATHBIE HEOJUTHI MOTYT OBITh IPUPOAHOTO U CHHTETUYECKOTO
NPOUCXOXEHUs.. B NpoTOHHON (opMe KPUCTAUIMYECKHE ATIOMOCHIIMKATHBIE LIEOJUTHI B
obmmem npeacrasiensl Gopmynoit HyAlSi,-Oa2, rne «H» npencrasiser cobol (criocoOHbIi K
0o0MeHy) IPOTOH, KOTOPBIH ypaBHOBEIIMBAET 3JIEKTPOBAJIEHTHOCTh TeTpadapa. KommdecTso
CHOCOOHBIX K OOMEHY MPOTOHOB Ha3bIBAIOT KaTMOHOOOMeHHOH eMkocThto (CEC). Tounsblit
TUN CTPYKTYpPbl ~QJIOMOCHJIMKATHOTO IIEOJIUTAa OOBIMHO ONpPEneNnseTcsi KOHKPETHBIM
MOJIIPHBIM OTHOINEHUEM KpeMHHsl K amoMuHuio (Si/Al) u pasmepamul Mmop KIETOYHOU
CTPYKTYyphL. Pasmep mukpornop (00braHO B Auamasone 0,4-1 HM) MOKeT ObITh YKa3aH B BHIE
KOJIM4ecTBa T-aTOMOB HAaWMEHBIIETO AMAMETPA, TAK HAa3bIBAEMbIX «WIeHOB KosbLa»y (MR).
Hcnonp3ysl naHHOE OIperneNeHne, Haubojee pacpOCTPAHEHHBIE MPOMBILIUICHHBIE IEOJUTHI
BKJIFO4ar0T MuKporopsl 8 MR, 10 MR wnu 12 MR. CtpykTypa LeonuTa Takke MOXKeET ObITh
NOJIy4€Ha, TMOMHMO JHOKCHIAa KPEMHHS W OKCHZAA aJIOMHUHMA, C MpUMeHeHueM (ocdaros,
KOTOpble OO0pPa3yIOT KIJACC KPUCTAJUTMYECKUX MHKPOIOPUCTHIX CHIMKOATOMOdochaTo
(SAPO). Kpome Toro, ecinu JUOKCHI KPEMHHUSI OTCYTCTBYET, 0Opa3yrOTCs KPUCTAJUTMYECKHE

mukponopucteie amomodocdarer (AIPO). SAPO u AIPO, nomobHo meonutam, oOnanaroT
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YHHUKAJIbHBIMU HNOPUCTBIMU U KUCJTIOTHBIMU CBOfICTBaMPI, O6€CH€LII/IBaI-OH_II/IMI/I X HIUPOKOE

NPUMEHEHNE B IPOMBILUIEHHOCTH IS KaTaJln3a, afcopOLUN U HOHHOTO OOMeHa.

B nocnennee Bpemsi MHOrOypoBHeBble (Me3onopucTeie) neonutbl, SAPO u AIPO npusnexun
3HAYUTEJIbHOE BHUMAHHE B CBS3M C UX IOTEHLIUAJbHBIMU MPEUMYILNECTBAMH B KaTaju3e
BCJIEJICTBHE MX BBICOKOM HapYKHOM IUIOIIAIN TOBEPXHOCTH, YMEHbUIEHHBIX 3HAUE€HHUH JUTHHBI
i Py3MOHHOTO MyTH W OTKPBITBIX AKTUBHBIX y4acTKOB. OOpasoBaHHE BTOPUYHOH CETH
me3omop (00bMHO B Anana3zoHe 2-50 HM) NPUBOIUT K CYIIECTBEHHBIM U3MEHEHUSIM CBOWCTB
MaTepHajoB, KOTOPbIE BIMAIOT Ha XAPAKTEPUCTHKH LEOJHTOB B TPAAMLIHMOHHBIX O0JACTSX
NPUMEHEHUs], TAKUX KaK KaTaju3 v pa3aeieHne. KomnuecTBo JOCTYIHBIX aKTUBHBIX YYaCTKOB
OBICTPO  YBENMYUBAETCS C YBEIMUEHHEM TMOPUCTOCTH MaTepuana. Kpome ToOro,
MHOTOYPOBHEBbIE KPUCTAJUIBI LIEOJUTA JEMOHCTPUPYIOT YMEHBIICHHBbIE 3HAYEHHS JUJTHHBI
¢ Py3UOHHOTO MyTH TO CPABHEHUIO ¢ OOBIYHBIMH MHUKPOMOPUCThIMU Heoiutamu, AIPO
i SAPO. CooTBETCTBEHHO, JaHHbIE MaTepuajbl JOCTUIIIN MPEBOCXOAHBIX XapaKTEPUCTHK
BO MHOTMX KATINTHYECKUX pPEAKUUAX, TAKUX KaK KPEKUHI, aJKWINPOBAaHHE W

M30MEpH3aLHS.

MHOroypOBHEBbIE LIEOJIUTHI MOTYT OBITH MOJIyY€Hbl ¢ MPUMEHEHHEM LIMPOKOrO IHarna3oHa
BOCXO[SILIMX M HUCXOMALIMX mpouenyp. Bocxonpsimme mnpoueaypsl mNOApPa3yMeEBarOT
U3MEHEHHE TUAPOTEPMAJIbHOTO CHHTE3a LIEOJIUTOB, HAIpUMEp, IPU HUCIOIb30BAHUU
OpPraHUYEeCKUX MATpHULl WIM MyTeM YIJIMHEHHs BpEeMEeHU Kpuctamnusauuu. Tem He MeHee,
HauOoee WHTEPECHBIM C TOYKH 3PEHHMs MPOMBIIUIEHHOCTH BApUAHTOM  SIBJISETCS
(HuCXOpsIIIasi) TOCTCHHTETHYEeCKas: MOIU(UKALMS OObIYHBIX KOMMEPYECKH JOCTYITHBIX
MHUKPONOPHUCTBIX 1eouToB. KimtoueBoit oOpabOTKOW B TOCHEOHEH KAaTeropHH SIBJISETCS
NpUMeHeHne O0pa0OTKM OCHOBAaHHMEM, TaK HA3bIBAEMOW «IeCHIMKAUWWy. JIaHHBIA MOIXON
IIpeNyCMaTPUBAET IMPUBEICHHUE LEOJUTOB B KOHTAKT B INEJIOYHBIX BOAHBIX pPacTBOpax C
MOJIy4€HHEM MHOTIOYPOBHEBBIX LEOJHUTOB NyTE€M YJIaJEHUs 4YacTH TBEPAOrO BELECTBA C
NOJIyYeHHEM BHYTPHKPUCTAUINYECKUX WM MEKKPHUCTALIHUECKuX Mme3zomnop. OOpabotku
OCHOBAaHHEM TIO3BOJIIOT TPEBPATHTh MPAKTHYECKH JIFOOOH OOBIYHBIN LIEOJIUT B €ro
yJIyYIIEHHBI MHOTOYpOBHEBbIN ananor. Kpome toro, B ciydae SAPO u AIPO, o6pabotku

OCHOBaHHEM 00€CIIEYNBAIOT MOJIYYCHHE YIIYUILICHHOI'O KaTAJIUTUICCKOr'O aHajiora.

ITomumo nenm oOpa30BaHUSI ME3OMOpP, B pe3yjbTare 4ero oOpas3yrTCcs MHOTOYPOBHEBBIE

KPUCTANIMUECKUE MaTepuaypl, OOpabOTKM IIENOYbI0 TakKe MOXKHO TIPOBOAMTH IS
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BBIMBIBAHUS HEXENaTeNbHbIX (a3 u3 AByx(a3HbIXx MaTepuanos. Hanpumep, BelenaunBaHue
¢ nomoipro NaOH MOXHO NPUMEHATh [ yIaJeH!sl HexXenaTelnbHbIX npumeced ZSM-5 u3
neonutoB ZSM-22. Kpome TOro, Bbll€NadyMBAHUE OCHOBAHMEM MOKHO MPUMEHSTb AJis
CEJICKTUBHOIO  BBILIENAYMBAHUS 3JIEMEHTOB U3 MAaTEpUaiOB, COAEPKALIMX IIUPOKHUH
Auamna3soH sneMeHToB. Hampumep, mnpu HOpPUMEHEHMH B OTHOIIEHUU  LEOJUTOB
BBII[EIAYMBAHNE OCHOBAHHEM CEJIEKTHBHO B OTHOLIEHUH KpeMmHMs. B cBowo ouepens, mpu
npuMeHeHnu B OTHoumeHuu SAPO BblenayriBaHWe OCHOBAaHHEM SIBJIIETCS HauOoJee
CeNIeKTUBHBIM B OTHOLIeHUH (ocdopa. Takum oOpa3zoMm, 00pabOTKH OCHOBAHHEM TO3BOJISIOT
peryaupoBatb, Kpome (ME€30)IIOPUCTOCTH, Apyrue  (PU3UKO-XMMHUYECKHE  CBOWMCTBA
MOJly4aeMOro MaTepuajia, Takhe Kak BaJlOBOM COCTaB, paclpefielieHHe »SJIEMEHTOB B

Kpuctajjax u KUCJIOTHOCTb.

OOpaboTkl OCHOBAaHHEM TMPOBOAST MyTeM HEMOCPENCTBEHHOTO MOOABJEHHs IEOJIUTa B
BOJHBI PacTBOpP OCHOBaHMs, 0ObIMHO mpH BeicOkoM pH (>12), u criemoBaTenbHO, BBICOKOM
KOHLIEHTpauuu ocHoBauus (Hampumep, >0,1 M NaOH), u o0ecneueHust peakmu TBEPIOTO
BEIIeCTBA C OCHOBaHHEM, OOBIMHO B TeueHue 30 MUH. 3a JaHHOH NpOLEenypoil ciemyer
¢unbTpanus, OOBMHO BBINOJHsEMAas MyTeM (QUIbTPaUUN C BOpoHKOW broxuepa. [l
neonutoB 10 MR, Hampumep, kapkacHbix tomonoruii, takux kak MFI, FER, TON, mpu
00paloTKe MIEeNOYb0 OOBIYHO JTOCTATOYHO TOJBKO HEOPTaHUYECKOTO OCHOBAaHUS (OOBIMHO
NaOH). Tem He meHee, B ciyudae 1ieoautoB 12 MR, Takux kak 1eosutsl ¢ Tonojorueit FAU
win BEA, moxer nmorpeboBaThest no0aBieHHe OpraHUYECKHX BEIIECTB, TAKUX Kak OpoMun
terpanpormiiaMmonusi (TPABr) wiu nusTHIaMKH, K pacTBOPY IIEJIOYH Ui MOAAEP KaHUS
XapaKTepHBbIX JJI LEOJUTa CBOHCTB, TaKMX KakK KPUCTAUIMYHOCTb, KHCIOTHOCTb U
mukponopuctoctb. SAPO u AIPO B uenom sBisitoTcst Oojiee 4YyBCTBUTENBHBIMH, YeM
LEOJUTHI, YTO TpeOyeT NpUMEHeHHsI (HEOPTaHWYeCKHUX) OECCOJIEBBIX PACTBOPOB LIENIOYH,

nony4ueHHbIX 13 aMuHOB Wi TPAOH nnis nmonyyeHus yaydlieHHbIX TBEPAbIX BEILECTB.

OObpaboTkn 1meno4ypt0 (OCHOBAaHMEM) 4YacTO TMPOBOAST B BHIOE OAHOH 00paboTku B
NOCJIEIOBATENIbHOCTH MMOCTCHHTETUUECKUX Monudukaunid. Hanpumep, mnsg  monyueHHs
MHOI'OYPOBHEBOI'0 LICOJINTA Y ¢ YIYUHICHHBIMH KaTAJIUTHICCKUMU CBOMCTBAMHU MOKHO
NPOBOIUTH MOCJIEAOBATEIBHOCTD U3 3 MOCIENOBATENbHBIX 00pabOTOK «KHUCIOTa-OCHOBAHUE-
KUCJIOTa». B KauecTBe anbTepHATHBBL, B CIy4Yae KIMHONTIJIONUTA (TIPUPOAHBIA IIEOJHT),
co00IIaNIoCh O MOCIEAOBATENBHOCTH U3 6 TOCIIEAOBATENbHBIX 00paboTOK (4 pa3a KUCIOTOMH,

ocHOBaHueM, kucjoroit). Kpome Toro, B ciyyae ZSM-5 u ZSM-22, coolmanock O IBYX
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oOpaboTkax (ocHOBaHue-kucioTa). Ilocme kaxxmod oTaenbHONH 00paboTKM HeoOxoanma
cragust punbTpanyy U cymwku. B nenom, 00paboTku KMCIOTONH OOECIeYnBalOT B Pe3yJIbTaTe
ynamenue Al (B TO Bpemsi Kak BbILUIETaYMBAHHE OCHOBAaHHEM OOBIYHO MPUBOAUT K
n30UpaTeTbHOMY BBIIENAYUBAHMIO Si), M UX BIMSHUE HA IIEOJIUT, KaK MPABHJIO, 3aMETHO
omindaercss or o0paboTrkm ocHoBaHweM. Hampumep, mpu oOpaboTke KHCIOTOH mepen
00paboTkoit ocHOBaHUMEM 3(P(PEKTUBHO yHajlsieTcs aTOMUHUNA M3 Kapkaca LEOJIUTa, YTO
noBbIaeT 3pGEeKTUBHOCTh TMOCHEAyIolIer o0paboTki OCHOBaHMEM. B CBOH ouepenb,
00paboTKa KHCIOTOH, KOTOPYIO MPOBOIAT Mociie 00paboTKU OCHOBaHHEM, Obljla OMKMCAaHA KaK
MSITKO€ MPOMBIBAHUE KUCJIOTOMN, U HALleJIeHa MPEUMYIIECTBEHHO Ha yajeHHe «OCTaTKOB Aly
¢ BHelHeH noBepxHOCTH. JlanHble ocTtaTku Al ObuUTH 00pa30oBaHBI B XOJ€ MPEIBAPHUTEIBHOM
obpabotku menousto. CrnenosaTenbHO, 3((EKTUBHOCTh IMPOMBIBAHUS KHCIOTOH TECHO
cBsizaHa ¢ 3 (HEeKTUBHOCTHIO MPEAIIECTBYOMIEH 00paboTKH 1mea0ubt0. OOpabOTKH KUCIOTOMH,
BBITIOJIHSIEMBIE IO U TIOCJTEe OOpaOOTKH INEIOYbI0, OOBIYHO BBIMONHSIIOTCS AHAJIOTHYHBIM
00pa3oM Mo CpaBHEHHUIO ¢ 0OpabOTKOH MIENOYBIO: IEOTUT HOOABJISIOT HEMOCPEACTBEHHO B
BOJHBIA PacTBOP KHCIOTBL, 00bIYHO ¢ Hu3kuM pH (<4), ¢ mocnepyromel ¢uibTpanuei,
OOBIYHO BBITIONIHSAEMON MyTeM (UIbTpaluu ¢ BOpoHKOH broxuepa. Tem He meHee, BIusiHUE
KUCJIOTHI MPUHIMITHAIBHO OTIINYaeTcs (yAajeHue IiaBHbIM 00pa3oM Al BMECTO TIJIaBHbIM
obpazom Si B ciiydae ocHoBanusi). Hanpumep, oOpabOTKH KUCIOTOMN, BBIMOJIHEHHbIE 10 WU
nocyie 00pabOTKHU IIET0UbI0, YaCTO 3aHUMAIOT 3HAYUTENbHO Oosbie BpeMeHu (00buHO 1 yac

WJIM TOJTBIIIE).

[ToMMMO BBIIEYIOMSIHYTBIX TPEUMYINECTB BBIIEIAYUBAHNS OCHOBAHHMEM, HEOOXOIUMO
OTMETHTb HECKOJIbKO CEPbE3HBIX HEJOCTATKOB BBILIECIAUYMBAHUS OCHOBaHHEM. BO-TepBBIX,
cienyer B OOJBIIUHCTBE CIy4aeB M30eraTh MPUMEHEHHsI OPTaHMYECKUX BEIIECTB, MTOCKOJIBbKY
UX HEOOXOAMMO YIAJNATh MyTeM CXKHUraHus. JlaHHBI crnoco® HE TOJNBKO MPUBOAUT K
Pa3pYLIEHUIO JOPOTOCTOSIIMX OPTaHMYECKUX BEIIeCTB, HO B HEM TaKxke Tpedyercs
TIIATENbHBIA YXOJ 32 00Pa3yIOIIMMHUCS MPOAYKTAMU CTOPAHUs, YTO CaMo MO cede sBIsieTcs
noporocrosimedl mporenypoi. IlpocTeie aMuHBI, Takue Kak TUITUIIAMHH, NMPUMEHSEMbIE B
Ka4eCcTBE OCHOBAHUs JUIs BblenadnBanus HeoautoB 12 MR (6era u USY), AIPO u SAPO,
MOXXHO JIETKO H3BJIEKATh BCIENCTBHE WX BBICOKOW JIETYYECTH, YTO IMOBBIIIAET UX
NPOMBIIIJICHHYI0 — NPHUBIEKATENIbHOCTb. 1€M He  MEHee, TMPUMEHEHHs KaTHOHOB
terpaankunaMMonust (TAA), takux kak TPABr um OpomMun LeTHATPUMETHUIAMMOHHUS
(CTABr), npennodtuTenbHO U30erarT, MOCKOJIbKY OHH SIBJISIIOTCS 00Jiee JOPOTOCTOSIIIUMH,

U HUX HEOOXOAMMO VYAANATh IOCPEACTBOM TEPMHUYECKOil 00paboTKu, MpHUBOASLIEH K
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00pa30BaHMUI0 HEXKeNATeNIbHbIX MOTOKOB, Takux kKak COj,, NOy, H,O w/unmm B3pbIBUaTHIC
opranuveckue BeulecTBa. (CneaoBaTeNbHO, KpallHE Ba)XHO COKpPAaTUThb IPUMEHEHUe

OpPraHMYEeCKUX BemecTB, ocodeHHo TAA.

Bo-BTOpBIX, BBIIEJIOYCHHbIE OCHOBAHMEM IIEONUTHI (C AOMOJHHUTEIBHBIMU O0pabOTKaMu
KHCJIOTOU MK 03 HHX ), KaK COOOIIaeTcs, fake B ONTHMAJIbHBIX YCIOBUSIX C OPraHUYECKUMHU
MOIJICKYyJIaMHU O6blllHO AEMOHCTPUPYIOT CHUJIBHO TNMOBBIMICHHBIC IMOKA3aTCJIU ME30IIOPUCTOCTH.
OI[HaKO, HJame BCEro OHU TaKXKE MOT'yT AEMOHCTPUPOBATDh HEXKEIATCIbHBIC ClIydanl CHUXKCHHSA
CBOICTB neoaurTa. TunuuabIMHA MnpuMeEpamMu 5TOrO ABJAIOTCA KPUCTAJNIMYHOCTD, KUCJIIOTHOCTD
Bbpencrena m MUKpPONIOPUCTOCTh. J{aHHBIE Clly4aW CHIDKEHHsI ObUIM 3apEeTHCTPHPOBAHBI IS
6OJ'II:;H_II/IHCTBa MHOTI'OYPOBHEBBIX HJIM ME3O0MNOPUCTBIX HEOJTUTOB, NOJYUCHHBIX C IMOMOIIbIO
00pabOTKH INEJIOYbI0 WJIM TOCIEIOBATENbHBIX 00pabOTOK KHCJIOTOW W INENOYBI0, Kak

MOKAa3aHo B Ta0Jmue A pasnena mpuMepoB.

Baxxabim HEAAaBHUM PAa3BUTUEM CTAJIO OCO3HAHHUE TOrO, 4TO, NMOMUMO CTCIICHU BTOpPI‘lHOfI
MOPUCTOCTH, TAKXKe pelIalollee 3Ha4eHHe uMeeT kadecTBo mnop. Habmopamocs, dTo,
0CcOOEHHO B IIEOJMTaX C BBICOKUM copepikaHueM nuokcuna kpemuusi (Si/Al > okomo 10),
BbBIIICTIAYMBAHUEC OCHOBAHUEM MOXET TIIPUBOAUTH K O6paSOBaHI/II-O ME30II0p, KOTOPBIC
ABJIAOTCS (“IaCTI/I“IHO) KaBUTHPOBAHHbIMU. B Takom cillydae, 4eMm OoJblIe KaBUTallUsA, TEM
MEeHblIIe KaTaJuTH4YecKne npenmyinectsa. CieaoBaTeNbHO, NMPU MOCTOSIHHBIX MOBEPXHOCTH

U 00beMe ME30Mop JKeJIaTEJIbHOU SIBJISIETCS] HAMMEHBIIAsl CTEIIeHb KaBUTAITUU ME301I0P.

Hakonen, o06paboTka OCHOBaHHEM MOKET MPUBECTH K 3aMETHOMY YMEHBIICHHUIO pa3Mmepa
KPHUCTAJUIOB LieosuTa. J[aHHOE yMEHbIIEHHE CBS3aHO C (parMeHTalMed, KOTOpask MOXKET
NPUBOIUTE K OOpa3oBaHuio (parmeHTOB € pasmepom B nuamna3zone S5-100 um. Onu
NPEACTABISIIOT COOOH KOJUIOUAHO-CTA0MIIbHBIE YaCTUIIbI, KOTOPBIE OU€Hb TPYIHO OTACIHTD C
MPUMEHEHUEM OOBIYHBIX CTHOCOO0B (PUIBTPAIMK C TMOMOIIBI TMOPUCTBIX (DHUIBTPYIOIINX
MeMOpaH, U IJIsl HUX TpeOyercs NMpUMEHEHHe JOPOTOCTOSLIMX MPOMBIIIIEHHBIX CIOCOOOB
pa3neNneHus], TAKMX KaK BBICOKOCKOPOCTHBIE IPOMBIIIIEHHBIe HeHTpU(yri. COOTBETCTBEHHO,
CYCIEH3MHM LEOJUTAa TIOCJIE BBILIENAUYMBAHUS OCHOBAHHMEM YacTO KpailHe TpPYyIHO

(bUIBTPOBATH, KaK MIOKA3aHO B Ta0aUIe A pa3aena IpUMEPOB.

CnenoBaTenbHO, JKeNATENbHBIM sIBJIsIETCs obecriedeHne Oosiee 3 dekTHBHOrO crocoda,
KOTOPBII oOecnieunBaeT TOT k€ 3¢ ekt (MOBBIEHHYI0 ME30MOPUCTOCTD), HO 00eCeunBaeT

MOJIYYEHUE TBEPAbIX BCIICCTB, o6na):[a}0m1/1x 0oJiee BHLICOKMMH XapaKTEPHbIMU AJI LEOJUTA
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CBOﬁCTBaMH, MOHM>KEHHOU CTCIICHBIO KaBHUTAIlUU, YMCHBbIICHHBIM KOJIMYECTBOM
OpraHMYecKuX T00AaBOK W/WIM COXPAHEHHBIM pa3MepoM KpucrauioB. Kpome Toro, takoi
YJIYYIIEHHBIH ~ CIMOCOO  MPEANOYTHTENIbHO  XapaKTepU3yeTcsl  aHAJOTMYHBIMU  WJIH
YMEHBILICHHbBIMA KOJMYECTBOM BOBJICUEHHBIX CTaauii, OOIMM BpeMeHu crocoba u
KOJIMYEeCTBOM 00Opa3yromeiicss CTo4HO# BoAbl IlojydeHHble MaTepuajbl MOTYT HMETh
YIYYIICHHBIC CBOMCTBaA I TOJIYUCHU TEXHUYCCKUX KaTaJIUu3aTOpPOB WIIN IJIsI IPUMCHCHUS B

mporLeccax KaTajausa, ancopOuuu Uil HOHHOrO oOMeHa.
KPATKOE OITMCAHUE U30BPETEHUA

B cooTBeTCTBHM C IIEJbIO HACTOSIIEro H300pETeHHUs, KOTOPOE PeajM30BaHO W LIMPOKO
ONMUCAHO B JAHHOM JOKYMEHTE, HACTOsee H300peTeHHe B IIMPOKOM CMBICIIE OTHOCHUTCS K
crocodby MpOBEIEHUs MOCIEAOBATEIbHON 00paOOTKH KUCIOTOH U MIEJIOYbI0 HEOPTaHUIECKIX
MOPUCTBIX TBEPABIX BCIICCTB, O6J'IaI[aI'OH_II/IX YJIYyUYIICHHBIMHA (1)I/ISI/IKO-XI/IMI/ILICCKI/IMI/I
(IEONMUTHBIMHI) U KaTATUTHYECKHIMU CBOWCTBaAMHU. [laHHBIE yIy4IIEHHBIE CBOWCTBA MOTYT
COYEeTaTh MOBBILIEHHYI) ME30MOPHCTOCTh ¢ OOJIee BHICOKOW KUCIOTHOCTHIO bpeHcrena, Oosee
BBICOKYIO ~ MHKPOIIOPHCTOCTb, 0OJiee BBICOKYIO ME3OMOPHCTOCTh, 0O0Jiee  BBICOKYIO

KPUCTAJUTMYHOCTD W/WJIH UX KOMOUHAIUY.

B oxgHOM acnekte HacTosllee H300peTeHNne OTHOCUTCA K CIIOco0y MoydeHHst 00padoTaHHOTO
HEOPTaHWYECKOT0 IMOPUCTOrO TBEPAOTO BEIIECTBA, IPH 3TOM CIIOCOO HPEenyCcMaTpUBAET IO
MEHbIIEeH Mepe ABE OTAENbHBIX 00paboTku (z), KOTOpbIE pa3fesieHbl CTaaueld OTAeNeHHs
TBEPAOrO BEIIECTBA, TAKOM Kak cTamusi (PUIBTPALMM, TAe MO MEHbIIEH Mepe OnHa W3

00paboTOK Z MpeayCcMaTPpUBAET CTAIHUH:
a)  obecrie4eHus] HEOPraHUYECKOTO TIOPUCTOTO TBEPIAOTO BEIIECTBA B KOJIMYECTBE 1,
b)  obecneueHus oOIIEro KOJINYECTBA OCHOBAHUS My o5m, U

C)  TIpUBEAEHUS HEOPraHMYECKOro MOPUCTOrO TBEPAOIrO BEIECTBA B KOHTAaKT C
KOJINYECTBOM OCHOBAHUS My, (t) B pacTBOpe U 00ECHeueHus] UX Peakiiy B TEUCHHE MEePHOAa

BpeMeHHU At 1711 00IIero KOJIU4eCTBa OCHOBAHUSI My o6 ;

C TOJy4YEeHHEM, TaKHUM o0pa3oMm, o0paOOTaHHOTO HEOPraHMYECKOro IOPHCTOrO TBEPAOTO

BEIIECTBA;
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I7le MaKCUMAaJbHOE KOJHYECTBO OCHOBAHMS MY yaxc AJIA My, (t), IPUBEAEHHOTO B KOHTAKT C
HEOPTaHUYECKUM MOPUCTHIM TBEPABIM BELIECTBOM 1 B JIIOOOI MOMEHT BpEMEHH t Ha CTaIHNH

C), MEHBIIIE, YeM My o /Ms;

U I7ie 10 MeHbLIei Mepe oHa U3 00paboTOK z MPeayCMaTPUBAET CTAIMH:

d) ofbecrneyeHus HEOPraHMYECKOTO MOPHUCTOTO TBEPIOTO BEIIECTBA B KOJHUECTBE M;
e) obecrnedeHus 00IIEro KOJINYeCTBa OCHOBAHUS My o5 U

f)  mpuBemeHMs] HEOPraHMYECKOrO IIOPUCTOTO TBEPAOrO BeEINeCTBA B KOHTAaKT C
KOJINYECTBOM KHCJIOTHI I, (t) B pacTBOpe M oOecredeHus] UX peaklnyd B TeUeHHe Mepuoaa

BpeMeHHU At 1711 00IIero KOJIN4eCTBa OCHOBAHUS My o5

C TOJIyYeHUEM, TaKuM O0Opa3oM, OOpaOOTaHHOIO HEOPTraHWYECKOro MOPUCTOrO TBEPAOTO

BEIIECTBA;

I7le MaKCUMAaJIbHOE KOJMYECTBO OCHOBAHHUS M yaxc. JJIS1 My (t), MPUBEIEHHOTO B KOHTAKT C

HEOPTaHUYECCKHUM MOPUCTBIM TBEPABIM BCIIECCTBOM 11 B 1000 MOMEHT BPEMCHHA t Ha cTaguu

f), MeHblIIe, YeM my opp /M.

OO1ee KOJMYECTBO OCHOBAHHUSI MOKET OBITh MPENCTABJIEHO B (hOpME TBEPIOH IIENOYH HIIH
IIEJIOYHOTO PACTBOpPA, MPEAMOUTUTENBHO MEeIOUYHOro pactBopa. [TonoOHeiM 0Opa3om, obuiee
KOJIMYECTBO KHUCJIOTHI MOKET ObITh MpPEACTaBI€HO B (OpMe TBEPHOH KHCIOTHI HJIH

KHCJIOTHOTO PacTBOpA.

B HeKOTOpBIX MPEANOUYTUTEBbHBIX BapHAHTAX OCYIIECTBJICHUS MaKCHMAJIbHOE KOJUYECTBO
OCHOBAHUS M yaxe, U My(t) B TFOOOH MOMEHT BPEMEHH t Ha CTaIUH C) COCTaBJsieT He Ooee

0,50 x My o5m, IPEONOUTUTEILHO He Oosee 0,25 X My om, NPEAMOYTUTENILHO He Ooee
,00III. » b ,O01II. »

0,10 * my oppm -

B HEKOTOpBIX MPEANOYTUTEIBHBIX BapHAHTAX OCYIIECTBJICHUS MAaKCHMAJbHOE KOJUYECTBO
KUCJIOTBI My yaxe, IV My(t) B MF0OOH MOMEHT BpeMeHH t Ha craguu f) coctaBisier He Oosee

0,25 X My o5m, mOpeamouyTuresibHo He Oosee 0,10 X M, ogm, NPEANOUTHTEILHO He Ooliee
,001II. » > ,O0III. »

0,05 * my o6y -
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B HEKOTOpBIX NPEANOUYTUTEIBHBIX BAPUAHTaX OCYIUECTBJICHUs HEOPraHUYECKOE MOPUCTOE

TBEPIOE BEIIECTBO MPEAYCMATPUBAET MOJIEKYJSIPHBIE CUTA, Takue Kak 1eonut uim SAPO.
B HEKOTOPBIX MPENOUTUTENbHBIX BAPHAHTAX OCYLIECTBICHUS CTAANs a) PEeayCMaTpUBAeT

a’) obecrieueHHe HEOPraHUYECKOrO IOPUCTOrO TBEPAOTO BELIECTBA B KOJHYECTBE M,

CYCIEHIUPOBAHHOTO B CYCII€H3UH, MIPEANOYTHTENBHO B BOJIE,
u craaus d) mpeaycMaTpuBaeT

d’) obecrneueHne HEOPraHUYECKOrO MMOPUCTOTO TBEPAOrO BEIIECTBA B KOJUYECTBE Mg,

CyCIICHAUPOBAHHOI'O B CYCIICH3UU, MPECATIOUYTUTEIIBHO B BOJC.

B HEKOTOpBIX MPEANMOYTUTENBHBIX BapHaHTaX OCYIIECTBJEHUS CIIOCOO MpeayCcMaTpUBaeT
00pabOTKy OCHOBaHHWEM, BKIJIIOUAOINYIO psi N0OaBIEHWH OCHOBaHHS Ha 0O0paboTKy (X),
KOTOpble HE paslejieHbl CTaauell OTAeNeHUs TBEPAOrO BEINeCTBA, TAKOH KakK CTaaus
(GuIbTpaK, W KOJHMYECTBO NOOABJIEHHOTO OCHOBaHWS Ha noOaBieHwe (mp,i, rae i=1..x)
XapaKTEePU3yeTCss TEM, YTO X HE PaBHSETCS |, MPEAMOYTUTENILHO X PABHSETCS MO MEHbIIEH

Mepe 2, IPEeANOYTUTENBHO IO MEHbLIEN Mepe 3, MPEANOUYTUTENBHO IO MEHbIIEH Mepe 4.

B HEKOTOpBIX MpPEANOYTUTENBHBIX BapHAaHTax OCYIIECTBJIEHUS CIOCOO MpenaycMaTphBaeT
00paboTKy KHUCJIOTOM, BKJIOYAIOINYIO Psii AOOABIEHUI KUCIOTHI Ha 00paboTKy (X), KOTOpbIe
HE pasfelieHbl CTaJueil OTAEJeHUs] TBEPAOro BEIeCTBA, TAKOH Kak cTaaus (pUIbTpaLuH, U
KOJIMYECTBO OOABIEHHOrO OCHOBAaHMS Ha AoOaBieHue (Mm,i, rae i=1..x) XapakTepusyercs
T€M, 4YTO X HE€ paBHAETCA 1, MPEANOYTUTENBHO X pAaBHAETCS IO MEHbLIEH Mepe 2,

MIPEANOYTUTENBHO IO MEHbIIEH Mepe 3, MPEANOYTUTENBHO IO MEeHbIIEH Mepe 4.

B HEKOTOpBIX NPEANOYTUTENbHBIX BapUaHTaxX OCYLIECTBICHMUsS Z paBHsAETCA 2, IAe 3a

00paboTKOM KHCIIOTOH clienyeT 00padoTka OCHOBAHHEM.

B HEKOTOpBIX MNPEANOYTUTENBHBIX BapUaHTaX OCYLIECTBICHHUA Z paBHsETCA 2, TAe 3a

00paboTKOI OCHOBaHHEM CiienyeT 00paboTka KHCIOTOH.

B HEKOTOPBIX NMPEANIOUTUTENBHBIX BAPUAHTAX OCYIIECTBICHUS Z PaBHAETCS 3, rae oOpaboTKy
OCHOBaHHEM IPOBOAAT MOCiIe 00pabOTKN KUCIIOTOH, U 3a HEH ClenyeT ele OfHa OTAeNbHas

00paboTKa KUCIOTOM.
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B HEKOTOpBIX NPEANOUTUTENBHBIX BAapUAHTAX OCYLIECTBIEHHsSI CKOPOCTh A00aBIEHUS
KOJIMYECTBA OCHOBAHHsS B TEUEHHE BPEMEHH COCTAaBIsieT He Gonee 3,0 MMOJIbT ' MHH. ',
MPEeNNOYTHTEIbHO He Oomee 1,0 MMONb'T “MHH. |, NpEINOYTHTENEHO He Oojee
0,5 MMOITb'T *MHH. . B HEKOTOPBIX TNPENNMOYTUTEIbHBIX BAPUAHTAX OCYIIECTBIICHHS
OCHOBaHME HENPEPbIBHO NOOABISIOT K HEOPTaHMYECKOMY ITOPUCTOMY TBEPAOMY BELIECTBY B

Te4YeHHe TIepuoaa BpeMeHH At, rae nmepuoa BpeMeHu At muist oOaBieHus: 00Iero KoJau4ecTna

OCHOBAHMS M o5, COCTABJISIET 11O MEHbLIEH Mepe 15 ¢.

B HEKOTOpBIX NPEANOUTUTENBHBIX BAPUAHTAX OCYLIECTBIEHHS] CKOPOCTh J00aBICHHUS

_1 —

KOJINM4YECTBa KHCJIOTBI B TEUYCHHE BPEMCHU COCTABJIACT HE Oonee 1,0 MMOJIbB'T' *MHH. 1,
-1 -1

npeanouTuTensHo  He  Oomee 0,1 MMONB'T "MHH. , TIPEANOYTUTENBHO HE Ooree

-1 -1
0,01 MMONIB'T ~"MHUH. .

B HEKOTOpBIX MNPEeANOYTUTENIBHBIX BAapUAHTAX OCYLIECTBIEHUS
KHCJIOTY HETPEpPBhIBHO AOOABISIOT K HEOPraHUYECKOMY IMOPUCTOMY TBEPAOMY BEINECTBY B
TE4YEeHHE TIeproaa BpeMeHH At, rie meproa BpeMeHu At it 1o0aBieHus! 00Iero KoJau4ecTna

OCHOBAHUS M, o5, COCTABJIISIET 110 MEHbINEN Mepe 15 MuH.

B onHoM acnekte Hacrosimee n300peTeHne OTHOCUTCS K 00pabOTaHHOMY HEOPTaHUYECKOMY
IIOPUCTOMY TBEPAOMY BEIIECTBY, IOJY4a€MOMY C IOMOLIBIO CIOCO0a B COOTBETCTBHU C

KaKHM-JIHOO U3 aCIEKTOB U BAPHUAHTOB OCYLIECTBJICHUS, OITMCAHHBIX B IAHHOM JOKYMCHTC.

B onHOM acnekTe HacTosiinee U300peTeHHe OTHOCHTCS K LEOJHUTY C TOTOJOoruen Gpokasura,
MOJIly4eHHOMY B COOTBETCTBHH CO CHOCOOOM MO JI0OOMy M3 aCleKTOB W BapHAHTOB
OCYILECTBJICHHSI, OMUCAHHBIX B JAHHOM JOKYMEHTE, C Pa3MepOM 3JIEMEHTApHOH SYEHKU B
nuanasone ot 24,375 1o 24,300 A, ¢ 06beMoM Me3omop o MeHbieii Mepe 0,30 MiI/T 1 OxHOI

uinu 6onee U3 CICAYHOIUX XaPaKTCPUCTHUK!

o -1
- KUCJIOTHOCTh bpeHcrena, cocrapsromas no MeHblueid Mepe 450 MKMOJIb' T, U3MEPEHHAs C

NMOMOLIbIO MUPHUANHA,

- KPUCTAJUIMYHOCTh, COCTABJISAIOIIASI MO MeHblnell Mepe 75% OTHOCHUTENBHO CTaHIAPTHOTO
neonuta NaY u o MeHbiel Mepe 90% 1o CpaBHEHUIO CO CTAHAAPTHBIM OOpa3IlOM OKCHIA

amomunmst NIST (SRM 676).

B oxgHOM acnexre HacTosimee M300peTeHne OTHOCHUTCS K LIEOJIHUTY C TONOJNOTHel (oxka3ura,
MOJy4YeHHOMY B COOTBETCTBHM CO CHOCOOOM IO JIIOOOMY M3 acleKTOB M BapHAHTOB

OCYIIECTBJICHHUS, OIMUCAHHBIX B HAHHOM JOKYMECHTE, C PasMEpOM BHeMeHTapHOﬁ STYEHKH OT
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24,60 A no 24,40 A, ¢ oObeMHBIM aTOMHBIM OTHOmeHHeM Si/Al, mpesbumaromum 7,5, ¢
o0vemMoM me3onop 1o Menbmeit mepe 0,30 Mu/T 1 0OBEMOM MUKPOIIOP MO MEHBIICH Mepe

0,20 mu/r.

B onHOM acmiekTe HacTosiiee H300peTeHne OTHOCUTCS K CIIOCOOY MOJyYeHUs] TeXHHIECKOTO

KaTaJu3aTopa, IPH 3TOM CHOCO0 MpeayCMaTpUBAET CTAANN:

- mony4ueHust 0OpabOTaHHOTO HEOPTraHUYECKOrO MOPHCTOrO TBEPIOTO BEIIECTBA MO JFOOOMY
N3 AaCICKTOB W BApPUAHTOB OCYLICCTBJICHHSA, OIMUCAHHBIX B OaHHOM JOKYMCHTE, HWIIN
obecrieueHHsi MOPHCTOrO TBEPAOrO BELIECTBA [0 JIOOOMY W3 aCleKTOB U BapHUAHTOB

OCYILIECTBJICHUS, OIIMCAHHBIX B JAHHOM JOKYMCHTE,

- I[O6aBJ'IeHI/I$I OJHOI0 UJjinu Oonee AOMOJIHUTCIIBHBIX UHIPEAUCHTOB IJIsA o6pa3013aH1/m CMECH,
npuieM OAUH HIJIN Oouee AOMOJIHUTECNIbHBIX ~HUHTPECANCHTOB BbI6paHbI U3 TPYIIbI,
BKHIO"IaIOLLIefIZ HalMOJIHUTCIIM, MHUPOTCHbI, CBA3YIOIIUEC, CMAa3bIBAOIIHUE BCIIECTBA U UX

KOMOUWHAIIUHU; U

- (opmoBaHMA CMECH B MAaKpPOCKONMHUYECKYI0 (OpMy Ml TOJIYYEHHS TEXHUYECKOTO
KaTaJlM3aTopa, NPEANOUTUTENbHO TIAe Makpockomudeckas (opMa HMeeT MUHHMAJIbHbIHI

pa3mep oT MeHee ueM | MM 10 He Oosee 10 cm.

B onmHOoM acmekTe Hacrosimee M300pETeHHE OTHOCUTCS K MPUMEHEHHI) O0pabOTaHHOrO
HEOPraHUYECKOr0 MOPHCTOrO TBEPAOIO BEIIECTBA IO JIFOOOMY M3 acleKTOB M BapHAHTOB
OCYIIECTBJIEHHS], ONIMCAHHLIM B JAHHOM JIOKYMEHTE, B MPOLIECCAX KaTajau3a, ancopOumu uin

WOHHOIO 0OMEHa.
KPATKOE OITMCAHUE TPAOHUUYECKUX MATEPHUAJIOB

Hacrosimee nzo0perenne craHer Gosee MOHATHBIM U3 MOAPOOHOTO OIMHCAHMHS, IPUBEIEHHOTO
B IAaHHOM JIOKYMEHTE HIDKE, U MPUJIAaraeMbIX rpauIecKix MaTepHUajoB, KOTOPbIE IPHUBEICHBI
TOJIKO B Ka4€CTBE WIUTFOCTPALMH U, TAKUM 00pa3oM, HE SIBISIFOTCS OTPAHUYHBAIOIIUMHE IS

HaCTOAIICTO I/1306peTeHI/I$I, urae:

Ha Qur. 1 mokazan obmuii 0630p crocoda I MOABEPTaHUs MOPUCTOTO TBEPIOTO BEINECTBA
psiny 0OpaOoToK KHCIOTOH wmiau ocHOBaHHEM. OOBIMHO B (PMKCHPOBAHHOM OOBEME BOJIBI

KaXXayro o6pa60TKy BBITIOJIHAKOT, CHadajia ):[o6aanm OCHOBAHUE UJIKM KHCJIOTY B PEAKTODP,
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1ocjae 4ero o0aBiAIOT TOPHCTOE TBEPAOE BELIECTBO U O0ECMEUMBAIOT TMPOXOXKAECHUE
pe€akii Mmpyu MHTCHCHUBHOM MCXaHHYCCKOM IMCPEMCIINBAHUU. Ha (I)I/Il". 1, TEM HE MCHCC,
NOKa3aHbl HECKOJIbKO N0OaBJIeHHWH B Xoie Kakaod oraenbHON oOpaborku. Ha ¢wur. 1 x
IpeCTaBIsieT cOOOH KOMMUECTBO OOABICHUI OCHOBAHUS MM KUCJIOTBHI HA PEAKLUIO, My U My
— KOJIMYECTBO OCHOBAHMS MJIM KUCJIOTBI, 1OOABJIEHHBIX HA N0OABIEHUE, COOTBETCTBEHHO, Y —
KOJIMYECTBO A00aBNEHUI TBEPIOrO BeLIeCTBA Ha peakuuio (Bcerma pasHoe 1), u (mg) —
KOJINYECTBO JOOABJIEHHOTO TBEPAOIrO BeIIeCTBA Ha JA00aBlIeHHME, a Z TMPENCTaBJISET
KOJIYeCTBO 00paboToK. B mpeinecTByOIeM YPOBHE TEXHUKU 3HAYESHUS X U Y HA 00pabOTKy
PaBHAIOTCA 1. B AOMOJIHUTECJIbHBIX BapUaHTax OCYLICCTBIICHHA B JaHHOM HOI[pO6HOM
OMUCaHUU 3HAYCHHUA Y U Iy HE HM3MCHCHBI. B HaCTOALIEM I/1306peTeHI/II/I X HE PaBHACTCA
OITHOMY (TIPEAMOYTHTENLHO X>2) IO MEHBIIIeH Mepe JJIsl IBYX OTHEJbHBIX MOCIeI0BATEIbHBIX
00paboTok (z>2), B KOTOPBIX MO MEHbIIEeW Mepe OnHa 0oOpabdoTkKa MpencTaBisieT COOOU
00paboTKy IIEJIOUbI0, U B KOTOPOW MO MEHbIIeH Mepe ogHa oOpaboTka nmpeacTaBisieT CoOou

00pabOoTKy KHCIIOTOH.

ITOJAPOBHOE OITMCAHME BAPUAHTOB OCYINECTBJIEHWA HACTOAIIEI'O
N30BPETEHUA

Crnenyromue TepMHHBI MPENCTaBICHBl UCKIIOUYUTEIBHO IJIsI CIIOCOOCTBOBAHHS TTOHUMAHUIO

HaCTOAIICTO I/1306pe’TeHI/I$[.

TepMuH «xOMHaTHas TemmepaTypa», MHCHOJIb3YEMbII B JAaHHOM 3asBKE, O3HA4aeT
TeMriepatypy B auana3oHe ot 12 go 30 rpaa. C, mpeanouTuTeNnbHO B Auamna3oHe ot 16 no
28 rpan. C, Oonee mpeamodtuTeNbHO B auanasone ot 17 no 25 rpan. C um Hawmbonee

MPEANOYTUTENBHO COCTaBsieT oT nmpumepHo 20 no 23 rpax. C.

TepMUH «MOJEKYJISPHOE CUTO», HCIOJb3yeMbI B JaHHOM JOKYMEHTE, O3HadyaeT TBepAoe
BEIIECTBO C IOpPaMH, HMEINMH pasmep Mojekylr OH BkmoudaeT Oe3 OrpaHu4eHus
MHUKPONIOPHUCTBIE U Me3onopucTbie Matepruaibl, AIPO u (cuHTeTHYEeCKHE) LEONUTHI, CIIUTHIE
WIA HECUIUTbIE TJIMHBIL, KJATPACUJIbl, KIJATPaTbl, YIJIEPOJAHbIE MOJIEKYJSIPHbIE CHTA,
ME30TMOPUCTBIN  AMOKCHI KpeMHHs, amoMocwiukar (Hampumep, Ttmna MCM-41 ¢
YIOPSIOYEHHON CHUCTEMOHW MOp), MUKPOIMOPHUCTbIE THTAHOCWIMKATHL, Takue kak ETS-10,
MOYEBHHA M POJCTBEHHbIE OCHOBHbIE BELIECTBA, IOPUCTbIE OKCHUABl METAJJIOB.
MonekysipHble CUTa MOTYT XapaKTepU30BaThbCs MYyJIbTUMOAANBHBIM pacIpeneeHueM Iop

IO pa3MepaM, Tak)Ke Ha3bIBA€MbIM YIIOPSAOYEHHBIMH YJIBTPAMUKPOINIOpamMu (OOBIMHO MeHee
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0,7 am), cynepmukpornopamu (0ObIMHO B auana3zoHe npudmusurensHo 0,7-2 HM) WK
me3ornopamu (0ObIMHO B AManaszoHe oOT npubmmsutenbHo 2 HM a0 50 HM). KoHKpeTHBIM
TUIIOM MOJIEKYJIIPHOTO CHUTa, MPENYCMOTPEHHBIM B HACTOSIIEM H300pETEHUH, SIBJISIOTCS
KPEMHHEBbIE MOJIEKYJISIPHBIE CUTA, O0Jiee KOHKPETHO KPEMHHUEBBIE LIEOTPHIbI, LIEOTUThI U/HIIH
amMop(HBIE MUKPOIIOPUCTBIE KpeMHUEBble MaTepHaibl. Cpean M3BECTHBIX HA CErOMHSIIHHH
JeHb TBEPABIX BEINECTB TE€ BELIECTBA, KOTOPbIE MMEIOT OJHOPOAHBIC KaHAJbI, TaKHE Kak
LIEOJIUThI, TPEACTABICHHbIC MOPUCTBIMU KPUCTAJUIMYECKUMH CHJIMKATAMU QIIOMUHUS |
NOPUCTBIMU ~ KpucTajuindeckumu  (¢ocharamu  amomuuus (AIPO), onpemensroT  Kak
MOJIEKYJISIDHBIE CHTa, TIOCKOJIbKY OHHU CEJIEKTHBHO aICOPOMPYIOT MOJIEKYJIBI, pa3Mep KOTOPBIX
MEHbIIE pa3Mepa BXONa B KaHAJ, WJIM OHH OOECIIEYMBAIOT BO3MOJKHOCTH IPOXOXKICHHS
MoJeKyJ1 uepe3 kaHas. C TOYKM 3peHusl KpUCTAUIOrpadpuu, LEONUTHI SIBIISFOTCS MOJTHOCTHIO
KPUCTAJUTMUECKUMH BELIECTBAMH, B KOTOPBIX AaTOMbI M KaHAJIbI PACIIOJNIOKEHBI B TOJHOM
peryiasipHOoCcTH. JlaHHBIE TONHOCTBIO KPUCTAJUIMYECKUE MOJEKYJSIPHBIE CHTa IOJNYYaroT
€CTeCTBEHHbIM IIyTeM WM CHHTE3HPYIOT IOCPENCTBOM T'HIPOTEPMANBHBIX PEAKLHH.

KonmyectBO MOJHOCTBIO KPUCTAJIMICCKUX  MOJICKYJIAPHBIX CHUT MOJIYYCHHBIX  WUJINU

>
CHUHTE3UPOBAHHBIX K HACTOSALIEMY BPEMEHH, COCTaBJsIeT HECKOJbKO CcOTeH BUAOB. OHHU
UTPalOT BAXHYK0 pOJb B KadeCTBe KaTaJIU3aTOPOB WMJIM IMOMJIOKEK B COBPEMEHHOMH
XUMHUYECKONH IPOMBIIIJIEHHOCTH BCIEACTBHE CBOMUX  XapaKTEPUCTUK, BKIIOYAROIIUX
CEJIEKTHBHYIO aJICOPOLIUIO, KUCIOTHOCTb U CIIOCOOHOCTh K HOHHOMY 0OMeHY. MoJtekyJIsipHbIe
CHUTa, KaK NMPUPOAHBIE, TAK U CUHTETUYECKHUE, COAEPKAT LUIUPOKUM CHEKTP KPUCTATNINIECKUX
CHJIMKATOB, COAEPKAIMX IOJIOKUTEIbHbIE MOHBI. JlaHHBIE CUIMKATBl MOXHO OMNHMCATh Kak
JKECTKUH TpexMmepHbIii kapkac u3 SiOs M okcupaa sjieMeHTa 13 rpynmbl MepHOAMYECKON
tabmunpl, Hanpumep AlO4, B KOTOPOM TeTpasApbl CLUIMTHI MOCPEACTBOM OOIIMUX aTOMOB
KHCJIOPOAA, B pe3yJbTaTe 4ero COOTHOLIEHHE BCEX aTOMOB rpynnel 13 u rpymnmser 14,
Hampumep, KpemMHus, U aToOMOB kuciopopa cocrasiusier 1:2.  Kpucrannugeckue
MHUKPONIOPHUCTBIE MOJUMOP(BI THOKCHIA KPEMHHUSI MPEACTABISIFOT COOOH KOMITO3UIIMOHHBIE
KOHLIEBbIE 3JIEMEHTbl JAHHBIX CEMENCTB KOMIIO3ULIMOHHBIX MaTepuanoB. JlaHHbIe

KPEMHHUEBBIE MOJIEKYJSIPHBIE CHTA HE UMEIOT KATHOHOOOMEHHOH €MKOCTH.

«leomut» MOXKeT OBITh ONMpeneNeH Kak KPUCTAUIMYECKHI MaTepual, XMMHYECKHH COCTaB
KOTOPOrO BKJIFOYAET IO CYLIECTBY aJFOMUHHUHI, KPEMHUN U KUCI0poA. Kak npaBuio, neonnuTsl
OMNMCAaHBI KaK aIFOMOCUJIUKATBI C TPEXMEPHBIM KapKacOM M IOPAMH MOJIEKYJISIPHOTO pa3mepa.
B mpomnom ObUIO MPOJEMOHCTPUPOBAHO, YTO LEOJMTHI, KakK MPHPOAHBIE, TaK W

CUHTETUYCCKUEC, XAPAKTCPU3YIOTCA KaTAJIUTHYCCKUMU CBOMCTBAMH AJIsL Pa3JIMYHBbIX THUIIOB
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KOHBepcHU yriieBopoponos. OmperneneHHbIe LEOIUTHBIE MaTEpHUalbl MPEACTABISIOT COOOMH
YIOPSAIOYEHHbIE MOPUCThIE KPUCTAIMUECKHE AIFOMOCHJIUKATBI, UMEIOLIUE OINpPEAESICHHYIO
KPUCTAJUTHUECKYIO CTPYKTYPY, OMNPEAeNieMyI0 C MOMOLIBI0 PEHTTeHOBCKON audpakuuu, B
KOTOpOil MMeeTcsi OONbLIOE KOJNUYECTBO OoJiee MENKHUX MOJIOCTEH, KOTOpble MOTYT OBITh
CBSI3aHBI PSIIOM €Ill€ MEHBIIMX KaHAJOB WJIM OTBEPCTUN. J[aHHBIE MOJIOCTH U MOPHI UMEIOT
OIMHAKOBBIM pasMep B Mpeaenax ONpenesIeHHOTO IEOJMTHOro marepuaja. [loCKombky
pa3Mepbl JaHHBIX TIOP SBJISIOTCS TAKOBBIMH, YTO OHHM MPUHUMAIOT JJIsl aACOPOLIUU MOJIEKYJIbI
OMpeNeNIEeHHbIX pa3MEPOB M HE NPUHUMAIOT MOJIEKYJIbI OOJBIIEro pasmepa, IaHHBIE
MaTepuaibl U3BECTHBI KAK «MOJIEKYJIIPHbIE CHTa» M MPUMEHSIFOTCS MHOKECTBOM CIIOCOOOB
JUTSL UCTIONB30BAHUS JAHHBIX CBOMCTB. TePMHUH LIEONHUT, HCIOJIB3YEMbIH TPH PACKPBITUU
HACTOSIIET0 M300pETeHUs, TaKKe MOKET O3HA4aTh JIIOOOW YJIeH TPYIIbl, BKIFOYAIOIIEH
CTPYKTYPUPOBAHHBIC AJFOMOCHJIMKATHBIE MHUHEPAJbl, CONEPIKAIINE KATHUOHBL, TaKUE Kak
HATPUA M KalNbLWHA WM, pexe, Oapui, OepruMd, JUTHHA, Kadui, MarHuii W CTPOHLIMIL,
KOTOphIe Xapaktepmsyrores Gopmynoii HiAlSi—O,, e H Moxer ObITh 3aMeHEH JIFOOBIM
OPYTUM OJHOBAJICHTHBIM KAaTHOHOM WM (€ClH X, KOTOpbI OTHOCHTCS K H, sBisiercs
KPaTHBIM BAJICHTHOCTH) MHOTOBAJICHTHBIM KAaTHOHOM. TE€pMHH «IIEOJIUT» TaKXKe O3Ha4yaer
OTKPBITYIO TETPAdAPUYECKYI0 KAPKACHYIO CTPYKTYPY, CIIOCOOHYIO K HOHHOMY OOMEHY, U
CBOOOIHO  yAEp>KUBAaeMble  MOJIEKYJIbI ~ BOIbI, KOTOpPbIE JOMyCKAIOT  OOpPaTHMYIO
aeruapaTtanuo. TepMUH «LEOJUTY» TAK)KE BKIKOYAET «MAaTEpUaJIbl, CBSI3aHHbBIE C LIEOJUTOMY,
WJIM LEOTHUIIBDY, KOTOPbIE MOJMYUYalOT MyTEM 3aMEHbI Si** i AP IPYTUMH 3JIEMEHTaMHU, KaK
B ciyudae amomodocharoB (nmampumep, MeAPO, SAPO, EIAPO, MeAPSO u EIAPSO),
rajuiopocdaroB, HUHKOGOCHATOB, TUTAHOCUIUKATOB M T. 1. L[€OMUT MOXKET MPEACTaBIATDH
cOOOH KPUCTAJUTMYECKHH MOPHUCTBIA MaTepHal ¢ KapKaCHOW CTPYKTYpOH, Kak ONHCAHO B
US 2013/0118954, unu mpencrasieHHbI B 0a3e NAaHHBIX LEOJUTHBIX CTPYKTYPHBIX THIIOB
CTPYKTYpHOU komuccuu [ZA, rie mox CIeayroluMu THIIAMH CTPYKTYP (M3 KOTOPBIX TaK:Ke
MOYKHO OIPENENIUTh IUIOTHOCTh KapKaca), ONpeneieHHbIMH MeXIyHapOIHOW accoruanuei
no 1eonutaMm, TakuMu kak Tun ABW, tunm ACO, tun AEL tun AEL, Tun AEN, tun AET,
tin AFG AFI, Tunm AFN, Tun AFO, Tumr AFR, tun AFS, tun AFT, tTun AFX, Tun AFY, Tun
AHT, Tum ANA, tun APC, tumt APD, tun AST, tTum ASV, tum ATN, turmt ATO, tun ATS,
tan ATT, tun ATV, tTun AWO, tumn AWW, tun BCT, tun BEA, Tun BEC, tun BIK, tun
BOG, tun BPH, Tunn BRE, Tun CAN, tunm CAS, Tun CDO, tunt CFI, Tun CGF, Tunn CGS, tun
CHA, tun CHI, Tun CLO, tun CON, tun CZP, Tun DAC, tTunn DDR, tun DFO, Ttunm DFT,
Tt DOH, Tunm DON, Tun EAB, Tun EDI, Tun EMT, tun EON, Tun EPI, Tunm ERI, Tunm ESV,



10

15

20

25

30

WO 2019/025428 14 PCT/EP2018/070702

tiun ETR, Tunm EUO, tun EZT, Tun FAR, tunn FAU, tun FER, Tun FRA, tun GIS, tun GIU,
tiun GME, Tunt GON, tun GOO, tun HEU, tun IFR, tun IHW, tun IMF, tun ISV, tun ITE,
tun ITH, Tun ITW, tun IWR, tun IWV, tun IWW, tun JBW, tun KFI, tTun LAU, Tun LEV,
tun LIO, tun LIT, Tun LOS, Tun LOV, tun LTA, tun LTL, tun LTN, tTunmn MAR, Tun MAZ,
tun MEL tunm MEL, Tun MEP, Tun MER, Tun MFI, Tun MFS, Tun MON, tun MOR, Tun
MOZ, tun MSE, tunt MSO, tun MTF, tun MTN, tunn MTT, tTunmn MTW, tum MWW, tun
NAB, tun NAT, tun NES, Tim NON, tun NPO, tunt NSI, tun OBW, T OFF, tim OSI, Tun
OSO, tun OWE, tunm PAR, tun PAU, tun PHI, Tunm PON, tunm RHO, Tunm RON, tunm RRO,
T RSN, tun RTE, Tunm RTH, Tum RUT, tTum RWR, tumr RWY, tun SAO, tun SAS, Tun
SAT, tun SAV, tunt SBE, Tum SBN, tun SBS, Tun SBT, tun SFE, tunt SFF, tun SFG, tun
SFH, tun SFN, tun SFO, tun SGT, tunt SIV, tun SOD, tun SOS, tun SSF, Tun SSY, tun
STF, tun STIL, Tum STO, tun STT, Tum SZR, Tunm TER, Tunm THO, tum TOL, Tum TON, Tum
TSC, Tun TUN, tun UEL tun UFI, Tunm UOZ, tun USI, tunm UTL, tunm VET, tun VFI, Tun
VNI, tun VSV, tun WEIL, tun WEN, tun YUG u tun ZON. TepMuH «LEOIUTY» TaKkKe
BKJIFOYAET «MATEPUAJIbI, CBS3aHHBIE C LIEOJUTOM», WJIM «LUEOTHIIbD), KOTOPBIE MOJyYarOT
nyteM 3ameHbl Si4+ wim Al3+ npyrumu snemMeHTaMu, Kak B ciydae amomodocharos
(mammpumep, MeAPO, AIPO, SAPO, EIAPO, MeAPSO wu EIAPSO), ramiodocdaros,
uHKoochaTroB, THUTAaHOCHIMKATOB U T. 1. OOBMMHO MOPHCTBIE BELIECTBA JAEJSTCS IO
pasMepy TMOp, Hampumep, C pa3MepaMu TMOp MeHee 2 HM KJIacCUQULUUPYIOTCA Kak
MHUKPONOPHUCTBIE BemecTBa, OT 2 A0 S50 HM KJIaCCUPUIHMPYIOTCS Kak Me30MOPUCThIE
BeIecTna, U bonee S0 HM KIacCUPUIUPYIOTCS KaK MaKpPOIIOPUCThIE BelecTBa. HeleomuTHbIe
ME30MOPUCTBIE BHUIbI AMOKCHIAa KpemHus, Ttakue kak MCM-41 u SBA-15, wmoryr
XapaKTEePU30BaATbCS 3HAYUTENIbHOH MHUKPOMOPUCTOCTHIO. JIaHHBIM THUIT MUKPOMOPUCTOCTH,
TEM HE MEHEee, SIBJISIETCS] K HEYNMOPSIOYCHHBIM» M HE UMEET YETKOU BBIPAXKEHHOCTH, U €0 He
clenyeT CYUTaTh LEOJUTHbIM. MUKPOMOPUCTOCTh, ONpEIeJeHHass B  BapUaHTax
OCYIECTBJICHHUs] B JAHHOM JIOKyMEHTe, MPOUCXOIUT TJIABHBIM OOpPa3oM U3 LIEOJUTHBIX
MHUKPOIIOp, CBSI3aHHBIX C KapkacHbIMU TomnosiorusiMa. Hampumep, anst ueomuto USY ¢
Tonojiorueil Gokazura MUKPOTOPHUCTOCTh OOpPa3yeTcsi U3 YETKO BBIPAKEHHBIX MHKPOIIOP
0,74 um, ma Oera-nieonura ¢ Tomosiorneii BEA MHKpOMOpPHCTOCTh NMPOMCXOOUT M3 YETKO
BbIpaxkeHHbIX Mop 0,6 HM, a s ueonura ZSM-5 ¢ tonosnorueit MFI muxponopucrocts
IIPOUCXOAUT U3 YETKO BbIpaskeHHBIX mop 0,55 HM. Cpenu MOpUCTHIX BELIECTB T€ BELIECTBA,
KOTOpbIE€ UMEIOT OJJHOPOAHBIEC KaHAJbI, TAKUE KAK LICOJUT, ONPEAEISIIOTCS KaK MOJIEKYJISIPHbIE

cura. Jlo HacTosiero BpeMEHH ObUIO OOHAPYKEHO U CHHTE3MPOBAHO OO COTEH THIIOB
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BC€HICCTB. L[eOJ'II/ITbI UI'par0T BAXXHYKO POJIb B KAaUECTBC KAaTAJIN3aTOPOB HIIA HOCHUTEJIEH B
COBpeMEHHOI\/’I XHUMHYECKOMN MNPOMBIINIJICHHOCTHU BCJICACTBUE CBOUX  XapPaKTCPUCTHK,

BKJIIOYAIOLINX CEJIEKTUBHYIO aCOPOLNI0, KUCIOTHOCTh U CIIOCOOHOCTh K HOHHOMY OOMEHY .

Psin ynopsiioueHHBIX ME30IOPHUCTHIX MaTepuanos, B ToM yucie MCM-41 u MCM-48, onucan
B mnareHTax CIIA NeNe 5057296 u 5102643. JlanHble yHOpsiAOYEHHBIE MaTepUaIbl
XapaKTepU3yIOTCsl CTPYKTYpOH, B KOTOpPOH ME30MOpbI, OJHOPOAHBIE IO pasMepy,
pacnionioxensl peryiasipHo. MCM-41 umeeT OOHOPOIHYIO CTPYKTYpPY, AE€MOHCTPUPYIOLIYIO
reKCaroHaJlbHOE PAaCIOIOKEHHUE MPSMBIX ME30MOp, TaKOoe KakK COThbl, U XapaKTepU3yeTcs
VAEIbHON IUIOMIAAbI0 MMOBEPXHOCTH, COCTaBisiome okosno 1000 MZ/F, U3MEPEHHON ¢
nomomipto  crocoba BET (¢ mpumenenmem ancopbrumu  aszorta).  CymiecTByromue
MOJIEKYJISIpHBIE CUTa OBUIH IMOJyYeHbl ¢ IPUMEHEHHEM HEOPTraHMYECKUX WJIM OPTaHUYECKUX
KaTHOHOB B Ka4eCTBE MATPULL, TOT/Ia KaK JaHHbIE YIIOPsIIOUE€HHbIE ME30IIOPUCThIE MaTepUabl
CHUHTE3UPOBAHbI MyTE€M >XUAKOKPUCTANINYECKON MaTpULIbl C MPUMEHEHUEM MOBEPXHOCTHO-
AKTUBHBIX BELIECTB B KauecTBe MaTpull. JlaHHbIe yopsA0UeHHbIE ME30MIOPUCThIE MaTepUabl
XapaKTepU3yIOTCsl T€M MPEUMYIIEeCTBOM, YTO MUX pa3Mepbl MOpP MOXHO peryjiupoBaTh B
nuanasoHe or 1,6 aM go 10 HM myTeM peryJupoBaHUs BHIOB INOBEPXHOCTHO-AKTHUBHBIX
BEIECTB HJIM YCJIOBUI CHHTE3a, NPUMEHSEMbIX B CIIOCOOE MOJSy4YeHMs. YTOpPsIOUeHHbIE
ME30TOPUCThIE MaTepualibl, o00o3HaueHHble kKak SBA-1, -2 u -3, Obumn ommcaHbl B Science
(1995) 268:1324. Ux kaHaibl PacHOJIOKEHbI PErYJSIPHO, B TO BpeMsl KaK COCTaBIIAIOLINE
aTOMbl JEMOHCTPHPYIOT pPAacHoOJOXKeHHe, MOA0OHOe aMOp(pHOMY IUOKCHUAY KPEMHHUSL.
VYnopsimoueHHbIe MEe30MOPUCThIE MaTepHalibl UMEIOT PEryJIiPHO PacIOJIOKEHHbIE KaHAaJIbI
OonblIero pasMepa, 4eM Yy CYIIECTBYIOLIMX LEOJUTOB, YTO IMO3BOJIICT MPUMEHSTb UX B
peakuusx ancopOUWH, BBIACICHHS WM KAaTAJIUTUYECKOTO NPEBPALICHUS OTHOCHTEIBHO

KPYMHBIX MOJIEKYJI.

B ofmem, Hacrosimee wH300peTeHHE OTHOCUTCA K CHOCOOY TOJYYEHUs YHHUKAIbHBIX
HEOPTaHUYCCKUX TBEPABIX BCIIIECTB nyTeM MMPUMCHCHUA HOCJ'IeI[OBaTeJIbHOCTefI
KOHTPOJHMPYEMBIX O00pabOTOK KHUCJIOTOH U MIENOYbI0 B OTHOLICHHWH CYIIECTBYOIIUX
HEOPTaHUYECCKUX TMOPUCTBIX TBEPABIX BCHICCTB, HAIMNPHUMEP, KPUCTAJIUYCCKUX TBEPABIX
YaCTHII, oe3 OTpULATEIIbHOTO BJIMAHUSA HAa PasMEp HaCTUL UJIW KPUCTAJIJIOB, U AJIA MOJIyUCHUSA
KOHEYHOIr0 ImNpOoAYKTa TBEPABIX BCIICCTB C YJIYUYLICHHbIMU (1)I/ISI/IKO-XI/IMI/ILIGCKI/IMI/I u
KaTaJuTHYeCKHMHU cBoiicTBaMu. Crioco0 mo HacTosimeMy H300peTeHHIO MOXKET 00eCeunBaTh

TBEPABIC BECIIECTBA, KOTOPBIC JICTKO U3BJICKAOTCA U3 LICJIOYHOTO paCTBOpA MOCIe 06pa6OTKI/I.
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B KOHKpeTHOM BapuaHTE OCYIIECTBJICHHS CIIOCO0 TPEIyCMaTPUBAET TMPUMEHEHHE
HoCIIeIOBaTeIbHOCTEH 00paboTOK KHCIOTOH M OCHOBAaHHEM, B KOTOPBIX Kaxaas oOpaboTka
BKJIIOYAET TMO3TAITHOE MPUBEACHUE OCHOBAHUS HJIH KHCJIOTHI B KOHTAKT C TIOPUCTBIM TBEPbIM
BEILIECTBOM, B PE3yJIbTaTe Yero JOCTUTA0TCs YIIyULIeHHbIe (PU3UKO-XUMUYECKHE CBOMCTBA. B
JONOJIHEHHe K  YIYYIIEHHbIM  (PU3HKO-XUMHYECKMM  CBOMCTBaM,  YJIyUIIEHHBIM
KATAJIUTHYECKUM CBOHCTBAM U YJIYYLIEHHBIM (DUIBTPALIMOHHBIM  XapaKTEPUCTUKAM,
HacTosiee HM300peTeHne MOXKEeT O0eClevYrBaTh YMEHBIICHHE KOJMYECTBA OPTaHUYECKUX
BEIIECTB, KOTOPBIC YaCTO NPUMEHAIOT AJIA COXPAHEHUA MUKPONIOPUCTOCTHU, KPUCTAJIIMIHOCTHU

" KHCJIOTHOCTHU IMPU BbIICTaAYMBAHUN HICJIOYbIO WUJIU KHUCJIOTOM.

Hcnonp3yeMelii B TaHHOM JOKYMEHTE TepMHUH «Al B Kapkace» O3HadaeT TETPadApUYECKH
koopauHupoBaHHbIH Al. CBOHCTBA TBEPHABIX BEIIECTB MOTYT OBITh OLIEHEHBI C TPUMEHEHUEM
ancopbumu azora npu 77 K, MOCKONBKY 3TO MPeACTaBiIsieT cOO0M OOIIEeN3BECTHYIO METOIHUKY
KOJINYECTBEHHOTO OIpPENENIeHHsI XapaKTEePHbIX JJIs1 IIEOTHNA CBOMCTB (OTHOCSIIMXCS K
KPUCTAJUTMYECKUM  MHUKPOIIOPUCTBIM ~ TBEPAbIM  BEIIECTBaM), a TaKXke CTeleHU
ME30IOPUCTOCTH B TBEPAOM BelecTBe. [lokazaTenb, KOTOPBIA MOMYYeH U3 U30TEPMBI a30Ta,
MpeCTaBisieT COOOH MONHYIO TIomanb noBepxHocTu (Sper). TlocnenHss monydeHa mytem
npuMmenenus mogenu BET, u oHa naer npexncrasieHne 06 oOiieit mopucTocT (MUKPOIopax
¥ ME30I10pax) TBEPABIX BELIECTB. XapaKTEPHbIE JJIsI LIEOTHUIIA CBOWCTBA MOTYT ObITh H3Y4EHBI
C MCIOJIB30BAHUEM MUKPOTOPHCTOCTH ( Viunpo), KOTOPAsk MOJNyYEHA B PE3YJIbTaTe MOCTPOCHHS
t-rpaduka ancopOLMOHHON BETBU H30TEPMBI, MPEANOYTUTEIBHO HAHECEHHOrO B Ipenenax
tonuuHbl 0,35-0,50 HM. IToCKONbKY akTHBHBIE y4acTKH (y4acTKu bpeHcTena, OMHCaHHbIE
HIDKE) pACMOJIOKEHbl B MHKPOMOPAX, TMPEANOYTHTEIbHBIM SIBJIAETCS, YTOOBI MOCIE
MOCTCHHTETHYECKOH MoAu(UKaLUu ¢ mpuMeHeHHeM o0pabOTOK KHCIOTOH M OCHOBAaHHEM

00beM MHKPOIIOP OCTABAJICA KaK MOXKHO OmKe K TAKOBOMY Y UCXOOHOI'0O LE€OJIUTA.

Hsmepenus copOuuu a30Ta MPOBOIWIN ¢ TprMeHeHneM nipudopa Micromeritics TriStar 3000,
yIOPaBISIEMOTO € MOMOINBI0 TporpamMmuoro obecmedenust TriStar 3000 (Micromeritics)
Bepcun 6.03. Ilepen sKCIepUMEHTOM COPOILMU OOpas3Ibl JEra3upoBaIM B TEUEHUE HOYH B
notoke N, mpu Harpesanmu 10 300°C (5°C-mun.”'). Crnocob t-rpaduka, Kak ONHMCAHO B
Microporous Mesoporous Mater. 2003, 60, 1-17, npumeHsanu Ans pasiuuyeHus MHUKpPO- U
me3ornop (auamazoH tommuHbl = 0,35-0,50 HM, ¢ HCMONB30BaHMEM YPABHEHUS TOJLIHHBI
Xapkunca u JLxypol, u koapduument mpeodOpasoBanus miaotHoctH = 0,0015468). s

TOYHOI'O CPABHEHHs] MHUKPOIIOPHUCTOCTH, IOJyUY€HHOW H3 t-rpaduka, MeXAy TBEpIbIMU
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YaCTUI[AMHU, TPEANOYTHTEIbHBIM SIBJISIETCS MPUMEHEHHe TOro e crocoba t-rpaduka,
IMana3oHa TOJIIMHBI M ypaBHEHMs TONIIMHBL Hampumep, eciu t-rpaduk NPUMEHSIOT B
Y3KOM JIMara3oHe MPU BBICOKUX 3HAYEHHSX OTHOCUTENIbHOTO AaBJIeHUsI (HarmpuMmep, mpu p/po
= 0,30-0,35), monydeHHass B pe3yJbTaTe€ MHUKPOMOPHUCTOCTb MOXKET OBITh 3aBBIIEHHOMN
ouenkoit. Croco0 t-rpaduka Tarxke oOecreyMBaeT HAXOXKACHHWE BHEUIHEH MOBEPXHOCTH
(Ha3bIBAEMOMN «Syc30»), KOTOPYIO MPHMEHSIOT B KayeCTBE TMOKA3aTeNsi CTENEHH BTOPUYHOM
nopucroctu. O6muit 06veM nop (Vyep) ONpenensiu npu OTHOCUTENBHOM JaBieHuu (p/po =

B cinyuae ecnu  HeopraHudeckue — MOPUCTbIE  TBEpAble  BELIECTBA  SIBJISIFOTCS
kpuctanueckum, neonauramu, SAPO, AIPO, To coxpaHeHne XapaKTepPHbIX CBOMCTB MOKET
OBITH MPOBEPEHO C UCIIOJIB30BAHHEM PEHTreHOBCKOHN nudpakunu (XRD). /lanHas meroamka
obecrieunBaer cnemupuuHyr0 Ui TomojJoruu  peduekrorpaMmy.  OTHOCHTENBHYIO
KPHUCTAJUTMYHOCTD, MMOKA3aTENbHYIO Al OOIMX XapaKTEPHBIX IS [IEOTHNA CBOWCTB, MOYKHO
OLIEHUTH INyTeM OOBEAMHEHUS HECKOJbKHUX XapaKTePUCTHUECKUX IHKOB C TNPUMEHEHHEM
cnioco0oB, Takux kak omucaHHble B ASTM D3906 (mnst ¢oskasutoBbix neonuto) ASTM
5758 (ans neomutoB ZSM-5), ASTM WK9245 (nnsa mMopaeHUTOBBIX LeonuToB) u ASTM
D5357 (ansa ueonutos NaA). IIpennouTHTENbHBIM SBISIETCS, €CIM 00paOOTaHHBIN KUCIOTON
U IEeNOo4Ybl0  oOpasel] XapakTepusyercs Kak MOXKHO OoJjiee BBICOKOH  CTENEHbBIO
KPUCTAJUTMYHOCTHU 110 CPABHEHUIO C UCXOIHBIM KPUCTAJUIMYECKUM HEOPraHUYE€CKUM TBEPABIM
BemecTBOM. B ciydae (oKa3UTOB OTHOCHTENBHYIO KPHUCTAJUIMYHOCTH CPAaBHUBAIOT C
MPOMBILIJIEHHBIM ~ CTaHAApTOM — weonutoM NaY, mnpenocrasieHHbiM Zeolyst (kon
noctaBmuka «CBV 100»). Kpome TOro, OTHOCHTENBHYI) KPHCTAJIMYHOCTH LIEOJIUTOB
KOJIMYECTBEHHO OINPENeSIOT TyTeM CpPaBHEHHs CO CTaHAApPTHbIM 00pa3LoM OKCHAa
amomunust NIST (SRM 676). Oto nmocturaercsi myTeM CpaBHEHHs IUIOIAAH IHKA TIPH
3HaueHnn 25,7 rpagyca yrima 2-tera cranmapta NIST ¢ mjomaneio nuka npu 3HAYCHUH
15,7 rpanyca yria 2-tera ans ueoiautoB ¢ Ttonosiorueit FAU, wnu ¢ miomaapo nuka mnpu
3HaueHuu 7,7 rpaayca yriaa 2-tera Ajs LeonutoB ¢ tonosorueit BEA, unn ¢ miomanbto
MUAKOB MMPU 3HaUYEHUSIX B quamnasone ot 23,1 no 24,3 rpagyca yria 2-tera njst 1eonutos ZSM-
5. XRD Tak:xe sBIsieTCA NOJIE3HON METOIUKON ONMPEAEICHUs] XapaKTEPUCTUK, ITOCKOJbKY OHA
MO3BOJISIET OMPEAEIUTh pa3Mep dJIEeMEHTApHON sueiiku. B wacTHocTH, B ciiydae (OKa3UTOB,
pasMep SJEMEHTApHOM S4elKH HMeeT 3HaudeHHe, MOCKOJbKY OH YKa3blBaeT Ha COCTaB
(atomHoe otHomeHnue Si/Al) kapkaca. Pa3smep sneMeHTapHOH SYEHKH ONPEAENSIOT C

NPUMEHEHHEM OOLIENPUHATHIX CHOco00B, yka3aHHbIX B ASTM 3942, PeHTreHOBCKYIO
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mrdpakuuro u3meps Ha nudpakromerpe Siemens DS000 ¢ reomerpueii bparra-bpenrano u
m3nyueHueM Cu Ka ¢ ¢unsrpom Ni (A = 0,1541 um). [lanHble 3anuchiBaid B JUarasoHe S-
50 rpanycoB yria 2-tera ¢ yrioBeIM pazMmepoM mara 0,05 rpanyca u BpeMeHeM cueTa 8 ¢ Ha

mar.

BONBUIMHCTBO BUAOB MPUMEHEHHs HEOPraHMYECKHX MOPUCTBIX TBEPIBbIX  BELIECTB,
ONMUCAHHBIX B JAHHOM JOKYMEHTE, MpeIyCMaTPUBAIOT KaTaJH3UpyeMble KHUCIIOTOM
npeBpalieHus. B TaHHOM ciy4ae THII U KOJMYECTBO KHCJIOTHOTO IIEHTPa UMEIOT peliaroiiee
3HaueHue. [ KONMMYeCTBEHHOrO MOHUTOPUHIA KHCJIOTHBIX CBOWCTB TBEPABIX BEINECTB
OOBIMHO TPUMEHSIOT CMOco0 WH(PPAKPACHOW CIEKTPOCKOMUH ¢ mpeodpasoBaHreM Dypbe
(FTIR) nupunuHa, ancopOMpOBaHHOTO Ha TBEPHBIX BemlecTBax. JlaHHBIA Croco0 MO3BOJISET
KOJIMYECTBEHHO OMpPENeINTh KOJIMYECTBO CUIIbHBIX y4acTKoB bpencrena (B) u Oonee ciadbix
KUCIOTHBIX LeHTpoB Jlptomca (L), mnpucyTcTByrOIIMX B TBEpAOM Bemecrse. B
KaTAIUTHYECKUX BUAAX MpuMeHeHus LeoautoB u SAPO, B 4YacTHOCTH, KOJUYECTBO
KUCJIOTHBIX LEHTPOB bpeHcTena sBisiercs KIHOYEBBIM U1 MX 3(dexTuBHON paboTsl.
HecMmotpst Ha TO, YTO OCHOBHOH 1IeJIbI0 MOAU(HUKALINN TTOCPEACTBOM KoMOMHaIUK 06paboTok
IIEJTOYbI0 U KUCIOTON YacTO SIBJISIETCS YIyYIIEHHE MOPUCTOCTH, KpaliHe Ba)KHO, YTOOBI MPH
HOCJIEYIOLUINX TMOCTCHHTETUYECKUX MOIU(UKALMAX, B YACTHOCTH, COXPAHsIACh IUIOTHOCTD

y4acTkoB bpencrena.

Wzmepenus nupuanHa ¢ nomompio FTIR Beimonssam ¢ npumenennemM cnekrpomerpa Nicolet
6700, obopynoBanHoro aerekropoM DTGS. OOpasiel npeccoBaiv B OTAEIbHbIE TUIACTHHBI U
nerasupoBanin npu 400°C B Teuenue | wuaca in vacuo mnepen usmepeHusimu. Ilocne
BaKyYMHUPOBaHUsI 00pa31ibl MOABEPTAITH 4-5 UMIYJIbCAM BO3ZACHCTBHUS MTUPUAMHA TIO MEHBINEH
mepe 25 mOap npu 50°C B TeueHne | MUH. (10 HACBIIIEHUS), TTOCIIE YETO CUCTEMY HAarpeBajIH
no 150°C B Teuenme 40 MUH. C TOCHENYIOLUIMM TOJYYEHHEM CHEKTPOB TPHU TOH Ke
temneparype. [lonocel nornomenus npu 1550 u 1450 cM | cooTBeTcTBOBANNU KOJINYECTBY
KUCJIOTHBIX LIeHTpoB bpeHcrena u JIbtonca coorBercTBeHHO. [IprMensieMblie K03(hGUIIMEHTHI

3aryxanus ObuTH onpenesensl Emeis, J. Catal. 1993, 141, 347-354.

Karanutuueckue CBONCTBA KOHTPOJMPOBAJIM IPU U3OMEPU3ALMU O-NMHEHA, TaK KAaK OHA
NpPEACTaBsieT COOOM MOAXOASINYI0 MOIENBHYIO pEaKLUI0, B KOTOPOH HCCIENyHT Kak
(YHKLUMIO XapaKTEePHBbIX JJIs LIEOTUIA CBOMCTB, TaK M (PYHKLMIO BHEUIHEH MOBepXHOCTU. B

TAHHOM peakIy aKTMBHOCTb (A) O3HA4YaeT CTENEHb MPEBPAIIEHUs, a MPOU3BOIUTEIBHOCTD
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(P) mpencraBnsier co00i BBIXOX MONE3HBIX MPOAYKTOB (JIMMOHEH, KaM(eH, O-TepIuHEeH, Y-

TEPNUHEH, TEPIUHOJINH, M-I[IMOJ).

OKcrepuMeHTAIbHBIN KaTanu3. Peakiuy m3oMepus3aldy o-MHMHEHA MPOBOAMIN B PEAKTOpe
Iappa oGbemoM 50 cM® ¢ yeTpoiicTBoM st otGopa npob mpu 150°C B armochepe asora 6—
8 6ap co ckopocthro mepemernBanus 750 00./mMmuH. Cmeck cybcerpara (20 r; a-muHeH) |
katanuzaropa (0,05 r) Harpesanu n1o 100°C, mocie 4yero oTOupanu nepBbIid KUAKUN 00paselr,
3areM peaKkUMOHHYIO CMeCh JOMOJHHUTENbHO HarpeBaqn nao 150°C wu  orOupanu
JOTOTHUTETbHBIE 00pa3ubl yepe3 10, 30 u 60 MuH. mocie nepBoro odpasua. 3areM o0pasibI
aHanu3upoBanu Ha ra3oBoM xpomarorpade (HP 5890, Hewlett Packard), cnabGxxenHOM
xononkoii HP1 um mnamenHo-nonmsanmonHeiM nerektopoM (FID). B kauectBe BHeIHero
CTaHjapTa TPUMEHSUIM  TeTpagekaH. HeuneHTU(HUUUPOBAHHBIE  MPOAYKTHI  ObLIH
npoananu3uposanbl ¢ nomommbd GC-MS (6890N, Agilent Technologies). AKTHBHOCTB
00pa3LoB OMpEneNsf ¢ UCTIONb30BAHUEM HAKIIOHA JIMHEHHON YacTH rpaduka 3aBUCUMOCTH

MpeBpaLICHUS a-TMTMHEHA OT BPEMCHU KOHTAKTA.

ANKUITUPOBaHHUE TOJYOJA C MOMOIIBI O€H3UJIOBOIO CIIUPTA MPOBOAMIIN MYTEM CMEIIUBAHHS
0,0125 r xarammzaropa ¢ 4,98 mn (47 mmonb) Ttonyona (Fisher), 0,062 ma (0,6 Mmmoinb)
6ensunosoro cnupra (Sigma Aldrich) u 0,048 ma (0,3 mmonp) nmponumnukiorekcada (TCI
Europe) B kauecTBe BHYTpPeHHEro craHaaprta. Ilopomok karanuzaTopa MpeIBapUTEIbHO
BBICYLIMBAIH B TedeHue 2 u. mpu 300°C (CKOPOCTb H3MeHeHHst Temnepatypsl 5°C-MuH. ') i
peakiuio mpoBOAMIAM B 3akpbIThiX OyTbuikax Illorra (Duran) B Teuenue 1 4. mpu
nepemermnBaHuu npu 120°C. PeakimoHHYH0 CMeCh aHaJU3UPOBAIU C IOMOIIBIO Ta30BOU

xpomarorpaduu (cepust Agilent 6850).

B cooTBercTBUM € TEPBBIM AaCIEKTOM, HACTOsIee H300peTeHHe OTHOCUTCA K CIOCOoOy
noiydeHuss oOpabOTaHHOTO HEOPTaHMYECKOro IMOPHCTOrO TBEPAOrO BEIIECTBA, IPU 3TOM
croco0 MpeaycMaTpuBaeT MO MEHbIIEH Mepe IBe OTHEIbHBIX 00paboTku (z>2), KOTOpbIe
pas3zeneHbl cTafuell OTAENEHHs TBEPAOTO BELIECTBA, TAKOH Kak CTaaus (UIbTPALUH, TPH

3TOM IO MEHbIIEH Mepe oHa U3 00padOTOK Z MpeayCcMaTPUBAET CTATUU:
a)  obecreyeHHss HEOPTAHMYECKOTrO TOPUCTOrO TBEPIOTO BEIIECTBA B KOJIMYECTBE M;

b)  obecneuenus oOIErO KOIMUECTBA OCHOBAHUS MY, opm U
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C) TPUBENEHUS HEOPraHWYECKOro TMOPHCTOrO TBEPAOTO BEIIECTBA B KOHTAaKT C
KOJINYECTBOM OCHOBAHUS My, (t) 1 o0ecreueHns uxX peakiuy B TEUEHUE MepHosia BpeMeHH At
IUIs. OOLIEero KOJMYECTBA OCHOBAHUS MYy o5 ; C MOJYUEHHEM, TAKUM 00pa3oM, o0paboTaHHOTrO

HEOPraHNYEeCKOro MOPUCTOrO TBEPOrO BELIECTBA,

U 110 MEHbIIeH Mepe ofHa 13 00paboTOoK Z MpenyCMaTPUBAET CTaIUU:

d)  oOecreveHusi HEOPraHUYECKOTO MOPUCTOrO TBEPAOIO BEIIECTBA B KOJMYECTBE M,
e) obecrneyeHHs1 OOIEro KOJUYECTBA KUCIOThI My o5m, U

f) HpI/IBeI[eHI/Iﬂ HeOpFaHI/ILIeCKOFO HOpI/ICTOFO TBepI[OFO BEIECTBA B KOHTAKT C
KOJINYECTBOM KHCIOTBHI M, (t) 1 oOecreyeHns] uX peakiuy B TeUeHHe Neproaa BpeMeHH At
AJst O0Iero KOJMYECTBA KUCIOTBHI My o5y ; C MOJyUEHHEM, TakuM oOpas3om, obpaboTaHHOTO

HEOPTaHUYECKOTO MMOPUCTOTO TBEPAOI'O BEIICCTBA,

IZl€é MaKCHUMAJIbHOE KOJHYECTBO OCHOBAHHUS M yaxc. AT Mp(t), MPUBEOEHHOrO B KOHTAKT C
HEOPTaHUYECKUM MOPUCTHIM TBEPABIM BEIIECTBOM 1N B JIFOOOI MOMEHT BPEMEHH t HA CTaIHH
C), MEHBIIE, YeM Ml o5y /M, U TTE€ MAKCUMAJIBHOE KOJIUYECTBO KUCIOTBI My yare, AJA My(t),
MPUBEIEHHOW B KOHTAKT C HEOPTaHMYECKHM IMOPUCTBIM TBEPABIM BEIIECTBOM M B JIFOOOM

MOMEHT BPEMEHHU t Ha CTAIUH C), MEHBILE, YEM Mp o5 /M.

OO1iee KOIMYECTBO OCHOBAHUSI MOKET OBITb MPEACTABICHO B (hOpMe TBEPAOH IIEIOYH HIIH
HIEJIOYHOTO PACTBOPA, MPEATIOYTUTENBLHO IIEJOUHOro pacTBopa. [1ogoOHbIM 00pa3om, oliiee
KOJINYECTBO KHUCJIOTBI MOXET OBbITb TPEACTaBJICHO B (OpMe TBEPHOH KUCIOTHI HIIH

KHCJIOTHOTO PacTBOpA.

B HeKoTOpBIX BapHaHTaX OCYLIECTBICHUS CIIOCOO MPEenyCMaTPUBAET MOITAMHOE NMPUBEICHNE
TBEPJOrO BEIIECTBA B KOHTAKT C OCHOBAHHEM MJIM KUCIOTOH Ha 0OpaloTKy, TEM CaMbIM B
3HAYUTEIBHON CTENEeH! MpenoTBpaas GparMeHTanuio. B pesynprare MOryT ObITh TOJNyHYEHBI
pa3Mepsl Op YaCTHUL M KPUCTAIUIOB, MOJOOHBIE TAKOBBIM Y HCXOAHOT'O TBEPIOTO BeliecTsa. B
JOTMOJTHEHNE K  TNPEBOCXOAHBIM  (PU3UKO-XMMUYECKMM  CBOMCTBAM, IPEBOCXOIHBIM
KaTAJIUTHYECKUM CBOHCTBAM M YJYYIIEHHBIM XapaKTePUCTHKaM (UIBTPALUM, HACTOSILIEE
n300pereHne 00ecreuynBaeT BO3MOXKHOCTb CHIDKEHHSI KOJMYECTBA OPTaHUYECKHX BEINECTB,
HEOOXOIUMOIO Uil COXPAHEHHs] MHKPOIOPUCTOCTH M KPHUCTAIJIMYHOCTH BO BpeMs

BbIIICIaYMBAHHUA HICJIOYbIO.
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B HeKOTOprX Hpe)ll'lOLITI/ITe.]'IbeIX BapI/IaHTaX OCYH_IGCTBJ'IGHI/UI MAaKCUMAJIBbHOC KOJIUYECTBO
OCHOBAHUS M yaxe, JJIA Mp(t) B TFOOOH MOMEHT BPEMEHH t Ha CTAAHMH C) COCTABJISIET HE Ooee
0,5 X mp opm, NpeAnouTUTENbHO He Oomee 0,25 X mp o, NPEANOUTUTENBHO He Oonee

0,10 *X mp o6 -

B HEKOTOPBIX MPEANOUTUTENHHBIX BAPHAHTAX OCYLIECTBJICHUS MAKCHUMAJIbHOE KOJHYECTBO
KUCJIOTBI My yaxe. AJIST My(t) B 000N MOMEHT BpeMeHH t Ha craauu f) coctasisier He Oonee
0,5 X My opm, NPEANOUTUTENBHO He Oosee 0,25 X myoem, NPEANOUTUTENPHO HE Ooee

0,10 * my o6y -

B HExOTOpBIX MPEANOUYTUTEBHBIX BAPUAHTAX OCYILUECTBJICHUs HEOPraHUYECKOE MOPUCTOE

TBEP/OE BELIECTBO NpeAyCcMaTpUBaeT MOJIEKYJSIpHbIE CUTA, Takue Kak LeonuT win SAPO.

B HexkoTOpbIX BapuaHTax OCYILIECTBJIEHUs HEOPraHWYeCKOe IMOPUCTOE TBEPAOE BELIECTBO
npeacTaBisieT coO0H LEONUTHBIN MaTepual, MPENOUYTHTEIBbHO CO CTPYKTYpol Tuna MWW,
BEA, MFI, CHA, MOR, MTW, RUB, LEV, FER, MEL, RTH AEL, AFI, CHA, DON, EMT,
CFL, CLO, TON, FER, ERI, MEL, MTW, MWW, HEU, EUO, RHO, LTL, LTA, MAZ u
Haubonee mnpexnouturenbHo Ttonojorudn MOR, MFI, BEA, FAU, npu 5TOM naHHBINA
LIEOJIMTHBI MaTepuaj XapakTepU3yeTCsl MEe30MOPUCTOCTBIO TMocie 00paboTku. JlaHHBIHI
CIOCO0 MIJIM MPOLIECC MOXKET HAYMHATBHCS C KPUCTAJUIMYECKHX CHIIMKATOB, B YACTHOCTH TeX,
KOTOpBIE MMEIOT IIEOJIMTHYIO CTPYKTYPY, KOTOpbIe HOABEPraroT o0paboTkaM KHCIOTOH M
IEJI0YbI0, U HOBBIM MaTepuaj CO CBOHCTBAMH IIEOJIMTA M ME3OMOPUCTOCTHIO MOXKET OBbITh
noJiyueH 0e3 BBICOKOCKOPOCTHBIX KOMMEpYeCKUX LeHTpU(yr win Oe3 BBIMOJHEHHs CTaauil
GuIbTpaMl  MEXKAY TOCIenOBaTeIbHOCTAMH  00paboTrok. Takum o00pa3oMm, HaHHBbIE
LIEOJIUTHBIE MATEePHAbl C ME30MOPHCTOCTBID MOTYT OBITh TOJYYEHbI IOCPEACTBOM

3KOJIOTMYE€CKHN U SKOHOMHWYCCKH BbII'OJHOI'O criocoda.

B HEKOTOpPBIX BapHaHTaxX OCYIIECTBJIEHHS JAHHBINA CIIOCO0 MM MPOLIECC MOXKET HAUNHATHCS C
aMop(HOro CHJIMKATa, TAKOTO KaK MUPOTEHHBIH JUOKCUI KPEMHHUS, W/WIN YHOPSIOYEHHBIX

BUJIOB AUOKCHAA KpeMHus, Takux kak MCM-41 unmu SBA-15.
B HEKOTOPBIX MPENMOYTUTENbHBIX BAPUAHTAX OCYILISCTBICHHS CTAAMS a) IPEeayCMaTPUBAET

a’) obecrieueHne HEOPraHWYECKOTO ITOPUCTOrO TBEPAOIO BELIECTBA B KOJHYECTBE M,

CYCIIEHIMPOBAHHOT'O B PaCTBOPE, MPEANIOYTUTENBHO B BOJE;
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u craaus d) npeaycMaTpuBaeT

d’) obecrnieueHne HEOPraHUYECKOrO MMOPUCTOTO TBEPAOIrO BEIIECTBA B KOJIHYECTBE I,

CyCIIEHANPOBAHHOT'O B paCTBOPE, NPCATIOUYTUTEJILHO B BOAE.

ITpeanouTuTeNbHBIM PACTBOPUTENEM AJsE 00paboTKH Iesnoubio (cTaaus ¢) sBisercs Boaa. B
HEKOTOPBIX BAapUAHTaX OCYIIECTBIEHUS NPUMEHSIOT JPyrHe pacTBOPUTENH, TaKHe Kak
CUPThl (METAHOJI, STAHOJ WJIM W30MPONAHOJ). THUMUYHBIMH PacTBOPAMH JUIsSl BBITIOJTHEHUSI
00paboTKM OCHOBaHHMEM MPEACTABISIIOT COOO0I pacTBOpHI B Boze ¢ pH, KOTOPBIN BapbUpyeTcs
ot no menbinedi mepe 10 no He Oosee 14, uro coorBercTByer KoHIeHTpauuu NaOH or
0,000l M pmo 1 M. OrHOweHHE TBEPAOTrO BEIIECTBA K JKUAKOCTH (HEOPTaHHYECKOTO
MOPHUCTOrO TBEPIOTO BELIECTBA K JKUAKOMY OCHOBAaHHUIO) MOXKET BapbHPOBATBHCS OT OYEHb
HU3KOro — 1 1" — 710 OueHb BbIcOKOro — 100 i ', HO B mpUMepax OHO OOBIYHO BBIOPAHO
Kak paBHOe 33 T TeMmnepaTypa MOXET HaAXOAUTLCA B AMANA30HE OT IO MEHbLIEH Mepe
KOMHATHOH Temrnepartypsl 10 He Oonee 100°C, npennoutuTensHO OT o MeHblIei mepe S0°C

1o He bosee 70°C.

IIpennoyTuTenbHBIMM OCHOBAaHMSIMU JJII TOJYYEHHUS IIEJIOYHOIO pPacTBOpPA SIBISIOTCS
Heopranudeckue ruapokcunbl, Takue kak NaOH, LiOH, KOH, RbOH, CsOH, Mg(OH),,
Ca(OH),, Sr(OH), wmmu Ba(OH),. B HexkoTOprIX BapuaHTax OCYINECTBJIEHHUS MOTYT
NPUMEHSTbCS HEOPraHNYECKHEe MCTOYHUKU LIENIOUH, He ABIAIOIINECS MIPOKCUAAMHU, TaKue
kak NarxCOs, NH3, Oyrmuuraii (n-C4HoLi) u runpun Hatpus (NaH). B npyrux Bapuanrtax
OCYLIECTBJICHHS] MOTYT MPHMEHSThCS OPTaHUYECKHE OCHOBAHMs, TaKHE KAaK THIPOKCHUI
TETPANPONMIAMMOHHS, JAMSTHIAMHH, JWIPONWIAMHH, THIPOKCHUI TeTpaOyTUIAMMOHHS U

TUAPOKCHU TETPASITUIIAMMOHMUA.

[IpennoyruTenbHBIM pacTBOpUTENEM JUIsi 00padoTku kucioroi (cragum f) siBisieTcss Bona.
TunuyHbBIMH PacTBOPAMH JUI BBINOJHEHUs OOpabOTKH KHUCIOTOW MPEACTABISIFOT COOOM
pacTtBopbl B Boae ¢ pH, xoTopslii Bappupyercs oT 0 10 5, 4TO COOTBETCTBYET KOHLIEHTPALIUU
HCI ot 1 M pmo 0,00001 M. OTHOIIeHHe TBEpAOTO BEIIECTBA K KUIKOCTH (HEOPTaHUYECKOTO
MOPHUCTOTO TBEPJIOTO BELIECTBA K JKUAKOH KHCIIOTE) MOKET BapbUPOBATHCS OT OYEHb HU3KOTO
— 111" — 10 oueHs BhICOKOro — 100 111!, HO B IPHMEpPax OHO OOBIMHO BBHIOPAHO KAK PABHOE
66 r-11'. TemmepaTypa MOXKET HAXOUTBCS B JMAMA30HE OT MO MEHbIIEl Mepe KOMHATHOI

Temneparypsl 10 He Oonee 100°C, npeanoutuTensHO o MeHbLIei mepe 70°C.
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[IpenmodTurebHBIMU KHUCJIOTAMHU JUIsl TIOJYYEHHUS KHUCJIOTHBIX PACTBOPOB  SIBJISTOTCS
MUHepaJbHble KUCIOTHI U3 rpynmel, Briatouaromein HCI, HNOs;, H,SO4, H;PO4, H3BO5. B
HEKOTOPBIX BapUAHTAaX OCYINECTBJCHHS MOIYT MPUMEHSTHCS OPTaHUYeCKHE KHUCIOTHI M3
IPYIIbI CYJIb(OHOBBIX KHCIOT, TAKHE KaK METAaHCYJb(OHOBAs KUCIIOTA, 3TaHCYJb()OHOBAsS
KUCJIOTA, OEH30JICYJIb(pOHOBAsT KUCJIOTa U M-TOJYOJCYib(OHOBas KuCIoTa. B HEKOTOPBIX
BapMAHTaX OCYIIECTBJIEHUS MOTYT TPUMEHSTbCS OpraHUYeCKHe KHCJIOThl W3 TPYIIIIbI
KapOOHOBBIX KHUCJIOT, TaKMe KaK YKCyCHash KHCJIOTa, JIMMOHHAs KHCJIOTa, MypaBbUHAs
KUCJIOTA, TJIFOKOHOBAs KHMCJIOTA, MOJIOYHAs! KUCJIOTA, LIaBesieBasi KUCJIOTa, BUHHAS KUCIOTa. B
APYrOM BapUaHTe OCYINECTBJICHHS] MOTYT NMPUMEHSATbCS OPTaHUYECKHE KHCJIOTHI U3 TPYIIIIbI
AMHUHOIIOJIMKAPOOHOBBIX KUCJIOT, TaKUe Kak dTHUJIeHIuaMuHTeTpaykcycHas kucinora (EDTA),
umMuHOIMykcycHast — kucaora  (IDA)  wm 1,4,7,10-Tetpaazauuknononexan-1,4,7,10-
terpaykcycHas kuciora (DOTA). B npyrux BapuaHTax OCYLIECTBJICHHS TOJBKO YaCTh
KapOOHOBBIX TPYIII B OPrAHHMYECKUX KHUCIOTaX MOKET HAXOAUTHCS B MPOTOHHOM (KUCIOTHOM)

dopme, Takoii kak Na,H,EDTA.

B HEKOTOpBIX BapuaHTaX OCYILIECTBJICHUS OCHOBaHHE NOOABIAIOT 32 HECKOJIBKO OTIENbHBIX
craguii. Heopramuueckoe mOpHUCTOE TBEPAOE BELIECTBO HE OTAEISIOT MEXAY NaHHBIMH
CTaausIMU. B HEKOTOPBIX NpEeATIOYTUTCIIBHBIX BapHaHTax OCYLICCTBIICHUS crocob
npeaycMaTpuBaeT psAn N00aBJIeHUN OCHOBaHUS Ha 0OpalOTKy (X), KOTOpbIE HE pa3/ieJeHBbI
cTaaueil OTAENEeHUS TBEPHOro BELIECTBA, M KOJMYECTBO JA00ABJIEHHOIO OCHOBAaHHS Ha
nobasienue (my,i, rae i=1..X) XxapakTepu3yercsi TeM, YTO X He PaBHAETCS 1, MPEeanOYTUTETBHO
X PaBHSETCS MO MEHbLIEH Mepe 2, MPEANOYTUTENIbHO M0 MEHbIIEH Mepe 3, MPEANOUTUTENBHO

M0 MEeHblIEeN mepe 4.

B HeKOTOpBIX BapHaHTaX OCYLIECTBJICHHS KUCJIOTY OOOABISIOT 3a HECKOJIbKO OTAENBHBIX
craguii. Heoprammueckoe MOpPHCTOE TBEPAOE BEIIECTBO HE OTACISIOT MEXAY TaHHBIMH
CTagusiMH. B HEKOTOPbIX MPEANOYTHUTENbHBIX BapHAHTAX OCYINECTBJIEHUS  CIIOCO0
NpeaycMaTpuBaeT psin N0OaBIEHMH KUCJIOTHI Ha OO0paboOTKy (X), KOTOpbIE HE pa3/eJCHBI
CTaguell OTHENEHUS TBEPAOrO BELIeCTBA, M KOJIUYECTBO JOOABICHHOH KHCJIOTHI Ha
nobasienne (mp,i, rae i=1..X) XapakTepu3yercs TeM, YTO X He PaBHSETCS 1, MPeanoYTUTENEHO
X PaBHSIETCs IO MEHbIIEH Mepe 2, MPEANOYTUTEIbHO IO MEHBbIIEN Mepe 3, MPEANOYTUTENBHO

10 MEHbILIEH Mepe 4.
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B HEKOTOpBIX MNPEANOYTUTENbHBIX BapHaHTaX OCYLIECTBJIECHUs Z paBHseTCd 2, U 3TO
NpeayCcMaTpUBaeT OHYy 00pabOTKy KHUCIOTOH U OHY 00pabOTKy OCHOBaHHEM. JTO O3HAYAET,
YTO BBIMOJHAIOT JBE OTHENbHBIX 00pabOTKH, Kaxias U3 KOTOPBIX COMPOBOXKIAETCS CTaguei
OTZEJIEHUs] TBEPJOrO BEINECTBA, MPEANOYTHTENBHO cTaauel (uibTpauuu. Bo Bpems omHOM
U3 JaHHBIX 00pabOTOK OCHOBaHME AOOABISIOT 32 HECKOJIBKO CTaauil (X # 1) WM CTyneH4aro.
Bo Bpems mpyroii 3 AByx 00pabOTOK KHCIOTY AOOABJISIFOT 32 HECKOJIBKO cTanuii (X # 1) uiu
crynen4aro. [1opsiok BBIMOJIHEHUs] 00paOOTKU KHCIOTOH U MIEJOYBI0 B CIy4ae Z = 2 MOXKET

NPEACTaBJISTh COOOH MO0 «OCHOBaHHE-KUCIOTa», TUOO KKUCIOTa-OCHOBAHUE) .

B HEKOTOpPBIX MPEANOYTUTENIFHBIX BAPHAHTAX OCYIIECTBIICHUS Z PABHSIETCS 3 U BKIIFOYAET JIBE
00paboTKK KHCIOTOH U OfHY 00pabOTKy OCHOBaHMEM. DTO O3HAYAET, YTO BBHITIOJHSIIOT TPH
OTHENbHBIX 00pabOTKH, Kakaas U3 KOTOPBIX COMPOBOKIAETCS CTaaHel OTAENEHHs TBEPIOro
BEILECTBA, MPENNOUTUTEIBHO cTanueil ¢punbrpaunu. Bo Bpems: ogHOI n3 naHHBIX 00paboTOK
OCHOBaHHE TOOABJISIIOT 32 HECKOJIBKO cTaani (x # 1) mnm crynendaro. Bo Bpemst apyrux nsyx
00pabooK KHCIOTY HOOaBIAIOT 3a HECKOJBKO cranuil (X # 1) mmm crymendaro. Ilopsimox
BBIMIOJIHEHHS JAHHBIX TpeX 00paboToK B ciydae z = 3 IpennoYTUTENbHO NPECTaBIseT COO0H

KKHCJI0TAa-OCHOBAHUEC-KUCJIOTa».

B HekOTOpBIX BapHaHTaX OCYINECTBJIEHUS OCHOBaHHWE MAOOABISIOT CTYNEHYaTO WU
HenpepbiBHO. Heopranuueckoe nopucToe TBepAoe BEIECTBO HE OTAEIAIOT BO BPEMs JAHHOTO
CTyneH4YaToro nodaByieHHs. B HEKOTOPBIX MPEANOYTHTENbHBIX BAPHAHTAX OCYILIECTBIICHHS
CKOpOCTb OOaBJIEHHs KOJIMYECTBA OCHOBAHMS B TEUEHHE BPEMEHH COCTaBIsieT He Ooiee

-1 -1 -1 -1
3,0 MMOJIb'T "MHH. MPpEANOYTUTCIIBHO HE Oonee 1,0 MMOJIB'T "MHUH. nmpeaAnOUTUTEIIbBHO

> 2

He Gonee 0,5 MMOIB T | *MuH. .

Ckopoctb n00aBJIeHUS] KOJIWYECTBA OCHOBAHUS B TEYCHHE BPEMEHH MOJKET 3aBUCETb OT
npumensieMoit oopaboTtku. Tem He MeHee, MOTYT OBbITh MOJIyYeHBI TBEPABIE BEIIECTBA BEChMa

HaJJICKAEro KaueCTBa Mpu COXPAaHCHUH 3TOTO 3HAYCHUA HUKE 3,0 MMOJIb OCHOBAaHHs Ha

1 -1
"MHH. ),  TPEANOYTHTENIBbHO  MEHee

-1 -1 -1 -1
1,0 MMonb'T *MHUH. ¥ HauboJiee MpeanoYTUTeNIbHO MeHee 0,5 MMOJIb' T “MHH. .

rpaMM  IleoIMTta B MHHYTY  (MMOJB T

B HEKOTOpBIX NPEANOUTUTENBHBIX BAPUAHTAX OCYIIECTBICHUS OCHOBAHHUE HEMPEPBIBHO
NO0aBJSIFOT K HEOPraHMYeCKOMY MOPUCTOMY TBEPAOMY BEIECTBY B TEUYEHHUE IIepUona
BpeMeHH At, mpu4yeM mepuon BpeMeHH At 1isi no0aBieHHs OOLIEro KOJUYECTBA M opm,

COCTAaBJISIET 110 MEHbLIEH Mepe 15 ¢, mpeanodrurensHo o mensuien mepe 30 ¢, Hanpumep, 1Mo
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MeHblIen mepe 60 ¢, Hanpumep, MO MEHbIIEH Mepe 2 MHH., HAallpuMmep, MO MEHbLIEH Mepe
4 MMH., HampuMep, MO MeHbIIeHl Mepe 8 MHUH., Hampumep, MO MeHblled Mepe 15 MuH,
Harnpumep, npudmmsurenbHo 30 MuH. B HekoTOpBIX BapuaHTax ocyinecTBieHHs At
COCTaBJIIET 1O MeHbIueil Mepe 8 MuH. U He Oosnee 60 MUH., IPENNOYTUTEIBHO 10 MEHbIIEH

mepe 15 muH. u He Oonee 45 MuH., HanpuMep, NpUOIM3UTENBEHO 30 MUH.

B HeKOTOpbIX BapHAHTAX OCYINECTBJICHHS KUCJIOTY AO0ABJISIFOT CTYIEHYATO HITH HEMPEPHIBHO.
Heopranudeckoe TmMOpPUCTOE TBEPAOE BELIECTBO HE OTAENSIOT BO BpeMsi JaHHOTO
CTYNEHYaToro no0aBjieHUs. B HEKOTOPBIX MPEANOYTHTENbHBIX BAPHUAHTAX OCYIIECTBIICHUS
CKOPOCTh TOOABJIEHUS] KOJMYECTBA KHUCIOTHI B TEUEHHE BpPEMEHU COCTaBjsieT He Oolee
1,0 MMOJ‘I]:;'F_I'MI/IH._I, npennouTuTeNbHo He Oosee 0,1 MMONTb T L MuH.

He Gonee 0,01 Mmonb T ' MuH. .

MPpEANIOUTUTEIIBHO

2

Ckopoctb n00aBieHUS] KOJWYECTBA KHUCJIOTBl B TEUYEHHE BPEMEHH MOXET 3aBHCETh OT
npumensieMoit oopabotku. Tem He MeHee, MOTyT OBITh MOJIy4EeHbI TBEPABIE BEIECTBA BECHMA
HAJJIEKALIEr0 KadyeCcTBa MPHU COXPAHEHUH 3TOro 3HadeHus Huwke 1,0 MMONb KHCIOTBI Ha

1

- -1
aMM  [€oJHTa B MHUHYT MMOJIb'T *MHH. NPEANOYTUTENIBHO  MEHee
2

_1 _1 —_ —_
0,1 mmonp'T *MuH.  u Haubosee nmpennoutuTesnbHo Menee 0,01 MMonb T Lovan, L

B HEKOTOpBIX MNPEANOYTUTENbHBIX BapUAHTaX OCYLUECTBJIEHUS KHUCJIOTY HENPEPBIBHO
n00aBIAIOT K HEOPraHMYECKOMY ITOPHCTOMY TBEPAOMY BELIECTBY B TEUEHHE MEepHOAa
BpeMeHU At, mpu4yeM Nepuox BpeMeHu At Juis Ao0aBieHHs OOIIEero KOJIMYECTBA My opm
COCTaBJISIET 110 MEHbLIEH Mepe 15 MUHYT, MPEeANOUTUTENBHO MO MeHbluel mepe 30 MUHYT,
HaIpumep, 1o MeHbluel Mepe 60 MUHYT, HAIPUMED, [0 MEHbLIEH Mepe 4 Jaca, HalpuMep, 1Mo
MeHbLIEH Mepe 8 4acoB, HalnpuMep, MO MeHbIIeH Mepe 16 4acoB, Hampumep, IO MEHbIIEH
Mepe 36 4acoB, Hampumep, NPUONU3UTEIBPHO 72 4yaca. B HEKOTOpPBIX BapUaHTaxX
OCyLIecTBIIeHHs At COCTaBiIsieT IO MeHbIIed wMepe 24aca u He Oonee 12 gacos,
NPEANOYTUTENIPHO 10 MeHblIed wmepe 3 uaca W He Oomee 9 4yacoB, Hampumep,

npUOU3UTENBHO 6 YacoB.

B HEKOTOpPBIX BapHaHTax OCYLIECTBIEHHS MOKHO NOOABIATh AOOABKH, MOITOOHO JOOABIECHUIO
OCHOBaHMsI OMHMCAHHBIM BbIIe O0Opa30M, aHAJIOTHYHBIM CTyMeH4YaTbiM crocobom. Takumwu
nobaBkamu MOTyT ObITh OObHBIE conv, Takue kak NaCl m KBr, a Takke conm MeTaoB,

takne kKak AI(NO3); u Ga(NOs3)s, u opranndeckue coequHenus, Takue kak TPABr u DEA.
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BnusiHne Hacrosimero u300peTeHus: o CPaBHEHHIO ¢ YPOBHEM TEXHHMKH MOJKET 3aBHCETH OT
npupoas! obpaszuos. ITomumo npodero, HanOobIIee BIUSTHIE MOKET OKa3bIBaTh IJIOTHOCTb
TOTOJIOTMU Kapkaca leonuTa. B nanHOM ciyuae Ooniee HM3Kas TOMOJOTMYECKasl MIOTHOCTb
obecrieunBaer Oonbliee npeumyinectso. ClieoBaTeNIbHO, IMPEUMYINECTBA I LIEOJIUTOB C
kapkacom FAU (miotsocts 13,3 T-atomos/1000 A*) mpesbimaror npemmymecrsa s
neonutoB ¢ kapkacom BEA (mothocts 15,3 T-atomos/1000 A%). Takum xe oGpasom,
npeumyiectsa cTpyktypsl BEA moryT ObiTh OOJblle TO CPAaBHEHHIO C LEOJUTAMHU C
kapkacoM MFI (18,4 T-aromos/1000 A®). 3HaueHHss MIOTHOCTH Kapkaca CBSIBAHBI C
TUIOTHOCTBIO TOJIHOCTBIO KpeMHHeBOro kapkaca (FDs;), 1 UX MOXXHO HalWTH B 0a3e JMaHHBIX

IZA (http://www.iza-structure.org/databases/).

Kpowme Toro, B ciiydae EOJUTOB MOXKET OKa3bIBaTh BiIMsiHUE oTHOIIeHue Si/Al B kapkace (1 B
oobeme). Hampumep, B ciydae mpenoTBpamieHust (pparMEHTAll U CBSA3aHHOTO C 3THM
YBEJIIMYCHUSI BpPEMEHH (uiabTpauuu BO BpeMst 0OpabOTKU wIenoubto, 3PQexT sBisieTcs
ONTUMAJIbHBIM, €CITU aTOMHOE oTHoueHue Si/Al cocTaBnser 5 i BbIlIe, MPENNOYTHTEIBHO
ot 10 mo 25 wnu Beie U Hanboee npeanoYTUTENbHO 20 U BhIlIe. DTO MOKA3aHO B TA0IULIE
A, rne Bpems ¢unbrpauun neoautoB USY, 00paOOTaHHBIX INEJIOYBI, OBICTPO

YBEJIINYUBAETCS C YBEIHMUEHUEM OTHOIEHHs Si/Al HCXOIHOTO 1eoHTa.

B HEKOTOpBIX BapHaHTaX OCYIIECTBIEHHS B HACTOSIIIEM H300PETEHHH MPENyCMaTPHUBAETCSI
Croco0 BBITIOJIHEHUSI MTOCIEIOBATEIbHBIX 00PaOOTOK KUCIOTON U LIENIOYbE) HEOPTaHUYECKUX
MOPUCTBIX TBEPABIX BEIIECTB, OOECIEUMBAIOIINI yIydlleHHbIE (HU3UKO-XUMUYECKUE U
KaTaJIUTUYCCKUC CBOﬁCTBa, 663 HCraTUBHOI'O BJIUAHUA (I/I.]'II/I TOJIBKO C OFpaHI/I‘leHHbIM
BJIIMSTHMEM) Ha pa3Mep YaCTHUIl WJIM KPUCTAJUIOB. IIpUMEHEHHE HACTOSIIEro HM300peTeHHs
obecrieunBaeT TBEPIbIE BEINECTBA, KOTOPbIE MOJKHO JIETKO W3BJIEKATh M3 MIEJOYHOTO
pactBopa mociie 0o0paboTku. B HEKOTOpPBIX BapWaHTaX OCYLIECTBJIEHUS CHOCOD
HpeI[YCManI/IBaeT IIOSTAITHOE HpI/IBeI[eHI/Ie TBepI[Ol"O B€HICCTBA B KOHTAKT C OCHOBAHUEM, TEM
CaMbIM B 3HAYWTENHHOM CTENMEHH IMpenoTBpainas GparMeHTaluo. B pesynbrare mony4arT
pa3Mepsl Op YaCTHUL M KPUCTAIUIOB, MOJOOHBIE TAKOBBIM Y HCXOAHOTO TBEPIIOTO BelnecTsa. B
JOIMIOJIHEHUEC K HpeBOCXOI[HbIM (1)I/ISI/IKO-XI/IMI/ILIGCKI/IM CBOfICTBaM, HpeBOCXO)IHbIM
KAaTAJIUTHYCCKUM CBOfICTBaM )51 y.]'[yLILHeHHbIM XapaKTepI/ICTI/IKaM q)HHpraL[I/II/I, HACTOsLICC
n300peTeHre 00eCreunBaeT BO3MOKHOCTh CHHJKEHHSI KOJIMUECTBA OPraHMYECKUX BEIIECTB,
HEOOXOIUMOTO Uil COXPAHEHHs] MHKPOIOPUCTOCTH M KPHUCTAIJIMYHOCTH BO BpeMs

BbIIICIaYMBAHHUA HMICJIOYbIO.
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Kak nmpowuIoCTpUpOBAHO MOCPEICTBOM PA3IUYHBIX HPUMEPOB, CIOCOO MO HACTOSILIEMY
M300pETeHHI0O MOXKHO MpPOBOAWTH C TIIOMOLIBIO IO MEHbIIel Mepe aByX o00paboToK,
BKJTIOYAIOIINX [0 MEHbIIeH Mepe OfHy 0O0palOoTKy KHCIOTONH U OfHYy 00pabOTKy IIeNoublo,
NpU KOTOPBIX BO BpeMsi Kakaoh oOpabOTKH TBEpIOe BEIIECTBO MOJABEPTaOT BO3AEHCTBHUIO
Oonee HU3KOH KUCIOTHOCTH (BO BpeMmsi 00paOOTKM KHUCIOTOH) wuiau Ooyiee HHU3KOM
meJ0YHOCTH (BO BpeMsi 0OpabOTKM OCHOBaHMEM) IIyT€M TOATAIMHOTO JIO3UPOBAHUSI
OCHOBAaHUSA HJIM KUCJIOTBI BO BPEMA O6pa6OTKI/I mMEJ0YbO U KHACJIOTOU COOTBETCTBEHHO, HJIU
nyTeM [pPOKAYMBaHUSI pPa30aBIEHHOTO MLIEJOYHOTO WM KHCJIOTHOTO pacTBOpa uepe3
MeMOpaHy, coaepskamyro TBepaoe BemiecTBo. Ilocie Takux oOpabOTOK MOTYT OBITh
MOJIY4€Hbl THOPUCTBIE TBEPABIC BCIICCTBA C  YIYUIICHHBIMU (1)I/ISI/IKO-XI/IMI/I‘-ICCKI/IMI/I
CBOfICTBaMI/I, U BpEMA (1)I/IJ'II:>TpaL[I/II/I MOXKET 6bITb CYWICCTBEHHO YMEHBIICHO, YTO MOBBIIIACT

OO0IIY0 MPOU3BOAHUTENBHOCTD CIIOCO0A BBIIIETAYNBAHMUS.

B HeKOTOpBIX BapHaHTax OCYILIECTBIICHHs IMOCIE DTOrO PEaKTOp TacsT, TBEPIOE BEIIECTBO
OTGUIBTPOBBIBAIOT (C MpHUMEHeHHeM JIabOpaTOPHOW YCTaHOBKU C BOpPOHKOW broxuepa) u
npomeiBaroT. Ha ¢ur. 1 uzobpasken obmuii 0630p criocoda, B KOTOPOM OOBIMHO 00pabOTKY
OCHOBAaHUEM M KHCJIOTOW MPOBOIST MyTeM J00aBIIEHHsS] BHAa4Yalle OCHOBAHUS MJIH KHUCJIOTHI B
peakTop, mocje 4ero AO0OaBISIOT MOPUCTOE TBEPAOE BEINECTBO, a 3aTeM OOECIeYMBAIOT
MPOXOKICHNUE PEeaKIUH TBEPAOTO BEIIECTBA B PACTBOPE KHUCJIOThI HIJIM OCHOBAaHUS TPH
WHTEHCHBHOM MEXaHHYeCKOM TmepememnBanuu. Ha ¢ur. 1 x mnpexacrasiser coboii
KOJINYECTBO NOOABIEHUI OCHOBAHMS MM KHUCJIOTHI 3a PEAKIUI0, M, — KOJUYECTBO KHCJIOTHI,
noOaBJIeHHOH Ha J100aBJieHHE, M, — KOJIMYECTBO OCHOBaHUS, 100aBIEHHOTO Ha TOOABIEHHE, Y
— KOJMYECTBO M00aBJIEHHI TBEPAOrO BEINECTBa 3a peakuuro, (mg) — KOJUYECTBO
no0aBJIeHHOr0 TBEPAOrO BellecTBa Ha J00aBleHHWE, U Z TPENCTABISIET KOJHYECTBO
o0paboTok. B mpexiiecTByrOeM ypoOBHE TEXHUKU 3HAYEHHs] X U y Ha 0OpabOTKy OOBIYHO
paBHsitoTCs. 1. B MOMONHUTENBHBIX BapUaHTaX OCYIIECTBIEHHS B MTaHHOM IOIPOOHOM

OMUCAaHWU 3HAYCHUA Y U Mg HE U3BMEHCHDI.

C uenpr0 TOMYEPKHBAHHS LEHHOCTH HACTOSINEr0 HM300peTeHUs, HEOOXOAMMO ONHCATh
YPOBEHb TEXHHUKH JUJIsl SKCIEPUMEHTAJBHBIX MPOLEAYP BBIIIEIAYUBAHMS KUCJIOTOH U
HIEJIOYBI0 TBEPABIX BelIeCTB. B ypoBHE TeXHHWKH (PUKCHPOBAHHOE KOJHMYECTBO MOPHUCTOTO
TBepaoro Bemecra (06braHO 10-100 r ') MPHBOIAT B KOHTAKT C BOXHBIM DPACTBOPOM C
(PUKCHPOBAHHOHN IIEJOYHOCTBIO FJIM KHUCJIOTHOCTBEO. DTO JOCTHTaeTCsl MyTeM MpPSIMOTO

NOTPY’>KEHHsI TBEPAOTO BEINECTBA B HArpeTblii pacTBOp, IOCIE Yero OOEeCIeYHBarOT
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MPOXOKACHHUE PCAKIUNU U €Tr0 H3BJICKAIOT IMYTEM (1)I/IJ'IpraL[I/II/I. Brinmonnenne OTACIBHBIX
00pabOTOK KUCIOTOW CTYNEHYaThIM CIIOCOOOM M3BECTHO M3 YPOBHSI TEXHUKH, YTO MOJXKET
ObITb JOCTHUTHYTO C mNpHMeHeHueM Hacoca uiam peakropa Cokcrnera. Tem He MeHee,
NOCTeTIeHHbIe O0pabOTKU KUCIOTOM HUKOTAAa HEe KOMOMHHUPOBAIM KaKUM-JTUOO 00pazom co
cTyneH4aToil oOpaboTKOH OCHOBaHMEM, 4TO sBiseTcs 5(P(EeKTUBHBIM, KaK HEOXHIAHHO

OOHApPYKHIJIA aBTOPBI HACTOSIIIETO U300PETEHUSI.

O6pabotku menoubto 00braHO npoBoasT B pactBopax NaOH wmu KOH (o6brano 0,2 M) npu
temneparype okosio 70 rpanycoB Llenbcusi B Teuenue 30 muHyT. OOpalOOTKM KHCIOTOH
OOBIYHO BBITIONTHSIOT ¢ MpUMeHeHneM J1i00 MuHepaitbHbiX (Hampumep, HCI win HNOj3), mubo
OpTraHUYECKUX KHCIOT (Harmpumep, TuMOoHHOHN kucnotsl miu H4EDTA). Konuenrparms gacto
3aBHCUT OT ILenu OoOpabOTKM KHUCIIOTOW: €CIM ACATFOMHHHPOBAHHE KapKaca sIBJISIETCS
LIEJIEBBIM, TO YaCTO MOTYT NPUMEHSTh OOJiee CHIIbHBbIE 3HAUEHHsI KOHIIEHTPALUUHU (Hanpumep,
2M HCI). Ina cpaBHeHus1, yaaneHue octatkoB Al mocie oOpaboTKH IIEnoubt0 OOBIYHO
BBITTOJIHSIFOT C NMPUMEHEHHeM ropas3no Oonee MsArkoi obOpabotku (¢ mpumenenuem 0,1 M

HCD).

B HEKOTOpPBIX BapHaHTaxX OCYIIECTBIEHHUS HACTOALIETO N300PETeHUsI KUCIIOTY HIJIH OCHOBAHUE
n00aBIAIOT B BUAE TBEPAOH MIIM BBICOKOKOHLIEHTPUPOBAHHON (POPMBI MEIJIEHHO B TE€UYEHUE
xona oOpaboTku. ABTOpBI HACTOSINErO H300peTeHus] OOHAPY)KUJIM, YTO 3TO MOXKET OBITh
JIETKO JOCTUTHYTO C MPUMEHEHHEM HAacOoCa, TAKOrO Kak LINPULEBON WK NEPUCTATbTHUECKUN
Hacoc. B Oombmmx Macmrabax MOXKHO NMPHMEHSTH IMPOMBIIIJIEHHbIE HACOCHI MM TBEPIbIE
AUCHepraTopsl. B 4acTHOCTH, B TAHHOM BapUaHTE OCYLIECTBJIEHHUS 3HAUUTEIBHO OBBILIAETCS
s¢ppexruBHOCTh npuMeneHust TPABr unu DEA nnst coxpaHeHus: XapaKTepHBIX JUTSI LEOJIUTa

CBOWCTB B X07e 00padoTKH.

B HEKOTOpBIX BapWaHTaxX OCYLIECTBJCHUS CIIOCOO MpPEAyCMAaTPUBAET CTYIEHYATOE
NPUBEACHNE TBEPJOrO BEINECTBA B KOHTAKT C KUCJIOTOH U OCHOBAHHEM C HCIIOJIb30BAHUEM
HeTpepbIBHON KoHpurypaunu. B naHHOH KOH(Urypauuu MNOpUCTOE TBEPAOE BEIIECTBO
MOXeT ObITh PacrHojOXKeHO Ha MeMmOpaHe, W (pa30aBlIEeHHBIH) KUCIOTHBIA WM OCHOBHBIH
pacTBOp MPHUBOIAT C HUM B KOHTAKT, mpormyckas (f) ux dyepe3 MmeMOpaHy, MOKPHITYIO TBEPABIM
BemecTBOM. B nmaboparopHoM macmrTabe TakoW SKCHEPUMEHT MOKET OBbITh BBIMOJHEH C
NPUMEHEHUEM YCTaHOBKM HeNpepbhlBHON MukpodumpTpanyu. JlaHHas koHuUrypamus He

HUMECT HUKAKOI'0 CXOACTBAa C M3BCCTHBIM CHUHTE30M B IIOTOKE, MOCKOJIBKY B HaHHOﬁ pa60Te
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OCHOBaHHE MPOKAYNBAIOT BMECTE C TBEPABIM BELIECTBOM, YTO OOECTIEUNBAET PEAKIIMIO C HUM,
NOJOOHYI0 TAaKOBOHM B TOPIIHEBOM IIOTOKE, YTO OOECIEUYHBAET T€ K€ MaTEepPHalbl, YTO U B
peaxkTope MepuoJUYECKOro AENHCTBUS, IPUMEHSAEMOM B MPEAIIECTBYIOLIEM YPOBHE TEXHUKHU.
Tem He MeHee, eciM MPUMEHSETCS OTOYHASI YCTAHOBKA, KUCJIOTY U OCHOBaHHE NOOABISIOT
NO3TAITHO B IIOTOKE, TBEPAOE BELIECTBO M OCHOBaHME OOJNbIE HE PearupyroT Tak, KaK B
peaxkTope MepUOIUYECKOro NeWcTBUs. BMecTo 3TOro OoH AEeHCTByeT Tak, Kak OMUCAHO IS
crnoco0a B COOTBETCTBUM C HACTOSIIIMM H300pETEHHEM: TBEPAOE BEINECTBO IOATAIHO
NPUBOIAT B KOHTAKT C KUCJIOTOW HJIM OCHOBAHUEM, 4TO OOECIEeunBaeT TBEP/bIC BEINECTBA C
yJIy4dlleHHbIMU cBoiicTBamu. Kpome Toro, ocHoBaHHe WIJIM KHUCJIOTY MOXXHO BBOAMTH B
KOHTAKT C LIEOJIUTOM B PEAKTOPE HEMPEPHIBHOTO NEHCTBUS C MEPEMEIINBAHUEM HITH B JTFOOOM
Apyrol KOHPUrypamuu, KoTopas 00ecrneunBaeT BO3MOKHOCTb MOCIIEI0BATENbHON 00paboTKu

TBEPABIX BEIIECTB KUCJIOTAMHU UJIU OCHOBAHUAMU CTYTICHYATO UJIU IMMO3TAITHO.

Bo BrOpOoM acmekTe Hacrosimee H300peTeHHE OTHOCHUTCS K HEOPTaHHYECKOMY IOPHUCTOMY
TBEPOMY BEIIECTBY, IOJIYYa€MOMY C IIOMOINBIO CHOCO0a B COOTBETCTBHU C TIEPBBIM
aCIIeKTOM MJIM JIFOOBIM €ro BapHaHTOM OCYINECTBJIEHHUS. lIpenrnouTuTenbHbIE BapHAHTBHI
OCYILIECTBIIEHUs JaHHBIX OOpaOOTaHHBIX HEOPTraHUYECKHX IOPUCTBIX TBEPAbIX BEILECTB

OMPEACIICHDI BBIIIIC.

B Tperbem acrniekTe HacTosIIee H300pETEHNE OTHOCUTCS K LIEOJIUTY C TOMOJIOTHEH (oxka3uTa,
NPEANOYTUTENIBHO TOJYYEHHOMY B COOTBETCTBHH CO CIIOCOOOM B COOTBETCTBUU C MEPBBIM
ACTEeKTOM HJIH JIFOOBIM €r0 BApUAHTOM OCYLIECTBIICHHS, C PA3MEPOM 3JIEMEHTAPHOU STYSHKH B
nuanasone ot 24,375 A no 24,300 A, ¢ o6pemMoM Me3omnop no MeHbIneit mepe 0,30 mu/r. Kax
MIPABUJIO, SJIEMEHTAPHAs siueiika CTAHOBUTCS MEHbIIe Tpu yaaneHuu Al u3 kapkaca. JlaHHbIH

THUII LIE€OJIUTa OOBIYHO Ha3bIBArOT LeonutoM USY.

B HEKOTOpBIX MPEANOYTUTENbHBIX BAapUAHTAX OCYIIECTBJICHHUS LEOJUT B COOTBETCTBHH C
TPETHUM ACTIEKTOM XapaKTEePU3YETCsl KUCIOTHOCThIO bpeHcTena, CoCTaBsAmOIel 0 MEHbIIEH

_1 o
Mepe 400 MKMOJB T W3MEPEHHOW C TIOMOINBK) MNHPUINHA, NOPEANOYTUTEIBHO

2

-1 -1
425 MKMONIb'T WM Bbille U Hauboyiee MpennouTuTensHo 500 MKMONI' T WM BBIIIE,

I/ISMepeHHOﬁ C MOMOMLIBIO TMPUANHA.

B HEKOTOpBIX MpPENNOUTUTENbHBIX BapUAHTAX OCYILIECTBJICHMs LIEOJIUT B COOTBETCTBHM C
TPETbUM aCIEKTOM XapaKTePU3YeTCsl KPUCTAINIMYHOCTBIO, COCTABJIAOLIEH 110 MEHbLIEH Mepe

70%, mpeamoututenbHO 75% wnM BeIIe M HawOosee npeanodrutenbHo 80% wuiaM BbIlne
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OTHOCHUTENIbHO cTaHAapTHoro neonuta NaY, u mo Menblieil mepe 80%, MpeAnoOdYTUTENBEHO
90% wnu Bele U Haumbosee mnpennouTuTenbHo 100% wuau BbIIIE NO CPABHEHHIO CO

cTaHaapTHbIM oOpasioM okcuaa amomunaus NIST (SRM 676).

B HExOTOpBIX NPEANOYTUTENIbHBIX BAPUAHTAX OCYLIECTBJICHUs LIEOJIUT B COOTBETCTBUU C
TPETBUM aCHEKTOM XapaKTEPHU3yeTCsl MUKPOMOPUCTOCTbE) MO MeHblueil mepe 0,18 MIT ',

npeanoytuTensHo 0,21 MiT'T | WM Bble U HanGolee npeanoutuTenabHo 0,24 MII'T " ¥ BBILIE.

B uyerBepTOM acmekTe HACTOslee M300pETEHHE OTHOCUTCS K IEOJMTY C TOIOJIOTHEH
(orka3uTa, MPENNOUTHTEIBHO MOJYYEHHOMY B COOTBETCTBHU CO CIIOCOOOM B COOTBETCTBHH C
MIEPBBIM ACTIEKTOM WM JTFOOBIM €r0 BAPUAHTOM OCYINECTBJICHHS, C Pa3MePOM dJIEMEHTAPHOU
sueliku B jauamasoHe or 24,60 mo 24,40 A, MPEINOYTUTENBHO ¢ 00BEMOM ME30MOop IO

MenbLien mepe 0,30 MIT JIaHHBIHA THI HEOTUTa OOBIYHO HA3BIBAIOT LIEOJIUTOM Y .

B HEKOTOpBIX NPEANOUTUTENBHBIX BAapPHAHTAX OCYLIECTBICHUS LIEOJIUT B COOTBETCTBHUU C
YETBEPTHIM ACMIEKTOM XaPAKTEPU3YeTCsl OObEMHBIM aTOMHBIM OTHOLIeHHeM Si/Al, paBHBIM 1O

MEHbIIEeH Mepe S, MPENNnOUTUTENBHO 6 UK BBIIIE U 00JIee MPEANOYTHTEILHO 7 FITH BBILIE,

B HEKOTOpBIX MNPEANOYTUTENBHBIX BAPUAHTAX OCYLIECTBJICHHUS LEOJUT B COOTBETCTBUU C
YETBEPTHIM ACIEKTOM XapaKTepHU3yeTcs: 00bEMOM MHUKPOIOp Mo MeHbluei mepe 0,18 MIT !,

npeanoyTuTensHo 0,20 MJT'T | WM BBIIIE M HAHOOITEE npeanoYTUTeabHo 0,22 MII'T | U BBILIE.

B HEKOTOpBIX MPEANOUYTUTENBHBIX BAPUAHTAX OCYLIECTBJICHHUS LEOJUT B COOTBETCTBUU C
YETBEPTHIM ACTEKTOM XapaKTEPHU3YyeTCs KPUCTAJIMYHOCTBIO, COCTABJISIIOIIEH MO MEHbIIEH
mepe 60%, npennourureabHo 70% wiu Bbile U HauboJee npeanoYTuTeabHo 80% Wiu BbILIe

OTHOCHUTEJIbHO CTaHAAPTHOTrO LeosuTa NaY.

JUIs TIPOMBIILIEHHOTO NPUMEHEHHsT B OOJBIIMX MacmrTadax i TMOPOLIKOB IEOJIHTa
(onmMcaHHBIX B MpUMepax) OoObIMHO TPeOyeTcsl MPeBpalleHNe B TEXHUUECKUE KaTaJU3aTOPbI.
TexHHUeCcKHe KaTalau3aTophl, KaKk MPaBWIIO, pa3paboTaHbl ¢ BO3MOXHOCTBIO OOECTeUeHHsI
HEOOXOMUMONH  MEXaHHYECKOW TPOYHOCTH U XHMHYECKOH CTaOMIIBHOCTH, YTOOBI
BBIIEPKMBATh CIIOKHBIE OMNEPALUU B IPOMBIIUICHHBIX KATAIUTHYECKUX YCTAHOBKAX.
IIpeobpa3oBaHne mMOpPOIIKAa LEOJIWTAa B TEXHUYECKHH KaTalIM3aTop MNPENNOYTHUTEIBHO
OCYILIECTBIISIETCS MYTEM CMELIMBAHUS IIEOJIUTA C HECKOJNBKMMHU JPYTHMMU HHIPEIUEHTAMH
(TakMMHU KakK HAIOJHUTENH, MUPOTEHBI, CBS3YIOIINWE, CMAa3bIBAIOINUE BEIIECTBA U T. 1.) U

nocnenyromero ¢opMoBaHuss B Makpockornmueckue (opmel. [logydeHHBIE TEXHHUYECKHE
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KaTajqn3aTopbl MOTYT MNPECACTABIATH co00ii MHOTOKOMIIOHEHTHBIE usaeiansg ¢ pasMepamMu B

AUara3soHe OT MUKPOMETPA 1O CAHTUMETPA.

B 1mecrom acmekTe HacTosIIee I/I306peTeHI/Ie OTHOCUTCA K CHOCO6y IMOJIy4YCHUA

TEXHUYICCKOI'O KaTajnu3aTopa, IIpu 3TOM crocod npeayCcMaTpuBacT CTaauu:

- mnoiyudeHHs OOpaOOTAaHHOrO HEOPraHWYECKOro IOPUCTOTO TBEPIOTO BELIeCTBA B
COOTBETCTBUH C TEPBBIM aCIEKTOM HACTOSIIEr0 M300PETeHUs U €ro MPeNrnOuYTUTEIIbHBIMU

BapHaHTaMH OCYIICCTBJICHUA,

- I[O6aBJ'IeHI/I$I OJHOI0 Ujinu Oonee AOMOJIHUTCIIbHBIX UHIPEAUCHTOB IJIsA o6pa303aHHs[ CMECH,
npuieM OAUH HIJIN Oouee AOMOJIHUTCNIbHBIX ~HUHTPEANCHTOB BbI6paHbI N3 TPYHIbIL,
BKHIO"IaIOLLIefII HAMOJIHUTEIIN, MMUPOTCHBI, CBA3YHOIIUEC, CMAa3bIBAOIUEC BEIICCTBA W HX

KOMOUWHAIIUHU; U

- (opmoBaHHMA CMECH B MAaKpPOCKONMHMYECKYI0 (OpMy il TOJIYYEHHS TEXHUYECKOTO
KaTaJlM3aTopa, NPEANOUTUTENPHO TAe Makpockomudeckass (opMa HMeeT MHUHHMAaJIbHBIHI

pa3mep oT MeHee ueM | MM 10 He Oosee 10 cwm.

ABTOpr HaCTOAIICTO I/I306peTeHI/I$I 06Hapy>1<1/m1/1, 4TO TBEPABIC BEIIECCTBA, OMMMCAHHBIC BBILIC,
B YaCTHOCTH, BC€IIECTBA B COOTBCTCTBHUU CO BTOPbIM, TPETBUM, YCTBEPTbBIM U IIATbIM
ACTICKTaMH, a TaKXE HX TMNIPEANOYTHUTC/IIBHBIMU BapHUaHTaMU OCYIICCTBJICHUS, SBJISIIOTCS
HacaJIbHbIMH MPOMEXKYTOUHBIMH COCAUHCHUAMU AJIA TMOJy4YEHUS TECXHHUYECCKOI'O

KaTajin3aTropa, OMMCAHHOI'O BbILIC.

B cenpMoM acmekTe HacTosiiee HM300peTeHHE OTHOCHTCS K MPUMEHEHHI) 00pabOTaHHOTO
HEOPTraHMYECKOTO MOPUCTOTO TBEPIOrO BEIIECTBA B COOTBETCTBHM C JIFOOBIM H3 aCIEKTOB,
OMUCAHHBIX B JAHHOM JOKYMECHTE, UKW MOJYYCHHOI'0 € IIOMOIIBIO cnoco6a B COOTBETCTBHUU C
JOOBIM M3 aCMEeKTOB M BAPMAHTOB MX OCYIUECTBJICHHUS, B MPOLECCAX KaTaiu3a, aacopOLuu
N1 UOHHOI'O O6MeHa. HpeI[HOLITI/ITeJ'IbeIe BAPHUAHTBI OCYIIECCTBJICHUA JAaHHOI'O MPUMEHECHUA

OMNPEACIICHDI BBILIC.

HekoTtopble BapuaHThl OCYIIECTBICHHUS HACTOSLIETO M300pEeTeHHs U3JIOKEHBI HIbKe. JlaHHbIe
BApPHAHTBI OCYINECTBJICHUS] TAaKXe MOXHO KOMOWHUPOBAaTH C JIFOOBIM W3 BapHAHTOB

OCYILIECTBJICHUS, OITMCAHHBIX BBILIC.
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B HexoTOpBIX BapUaHTaX OCYILECTBJEHUS HACTOsIIee M300peTeHHEe OTHOCUTCS K CIOCOOY

EJIOYHOTO BBIICIAYUBAHUSA TTIOPUCTOIO TBEPAOTrO BEIICCTBA,

Opu 3TOM cHocod mnpenycMarpuBaeT psii oOpaOOTOK (z) KHCIOTOH M OCHOBAaHHUEM H
XapaKTePU3yeTCsl KOJUYECTBOM IOOABIEHUH KHCIOTHI HJIM OCHOBAaHHUS Ha Peakiuio (X),
KOJIMYECTBOM OCHOBaHHs, NOOABIEHHOr0 Ha noOaBieHHe (1M,), KOJIUYECTBOM A00aBICHUM
TBEPAOrO BelECTBA 3a peakuuio (y), KOJUYECTBOM J00ABIEHHOI'O TBEPAOIO BELIECTBA HA

nobasnenue (mg), ¥ IPU 3TOM X U Z HE PABHSIOTCS 1.

B HekoTOpBIX BapuUaHTaX OCYINECTBJCHHs IaHHBIA CMOCOO pa3paboTaH HAa OCHOBAHHH
KOHTPOJII X, TaK 4YTO, XOTsS MOPHCTOE TBEPAOE BELIECTBO IOABEPrarOT BO3ICHUCTBHIO
OIMHAKOBOTO OOINEro KOJMYEeCTBA KHUCJIOTbl WJIM OCHOBAHHMS, WM Takoe e ooiiee
KOJIMYECTBO KHMCJIOTHI UJIM OCHOBAHHUSI TPUBOISIT B KOHTAKT C MOPUCTHIM TBEP/IBIM BEIIECTBOM
(4TO SIBJISIETCSI TIPEAMIOUTUTENBHBIM JIJII OOECTIeUeHUs KemaeMoro 3¢ ekTa BhIeTauuBaHUs
OCHOBaHHMEM WJIM KHCJIOTOM), BbILIEJaYMBAHUE LIEJIOYbI0 WJIM KHUCJOTOH SIBJISIETCS MEHee
ryOOKMM, YeM TIO[BEpraHWe MOPHUCTOTO TBEPAOTrO BEIIECTBA OOBIYHOMY MPSIMOMY
BO3JIEICTBUIO TAKOTO K€ KOJMYECTBA KUCJIOTHI Wi ocHOBaHusl. OObryHasi 00paboTKa MOXKET
MPEICTaBIISITh COOOM TOCIEeNOBATEIbHYI0 O0palOTKy «OCHOBAaHME-KHCIOTa», TPU KOTOPOU
oOpaboTka menoubto Oyaer BKIOUYaTh 0OpabOTKy MOPHCTOro TBEpAOro Bemectsa mpu 10-
100 T B BOXHOM PacTBOpE, BCTYIAIOIIEr0 B KOHTAKT ¢ (PHKCHPOBAHHOMN IIENOUHOCTBIO OT
0,1 no 0,2M NaOH, oObuHO B TeueHue oT npubOnusutenbHo 20 no 40 muH. 3a maHHOMH
06BI4HOMN 06PaGOTKOI MOKET ClIenoBaTh oObIuHAs 06paGoTKa Kucnoroit mpu 10-100 ' B
BOJIHOM pacTBope ¢ ¢pukcupoBaHHOU KuCI0THOCTHIO mpu 0,1-0,3 M HCI, oObdHO B TedeHMe
npubM3uTeNIbHO 4-8 yacoB. B kauecTBe anbTepHATHBBL, OOBIMHAs OOpabOTKa MOXKET
NPEACTaBJISITh COOON TOCIENOBATENbHOCTD «KUCIOTAa-OCHOBAHUEY, I7Ie OOBIMHYI 00paboTKy
OCHOBaHHEM, OMHCAHHYIO HEMOCPEICTBEHHO BbILIE, BBIIOJHSIOT MOCIe 00pabOTKH KHUCIOTOM
mpu 10-100 r-n" 8 0,15 M Bomrom pacreope H4EDTA, 0BGBIMHO B TeYeHHEe MPUMEPHO 4-

8 yacos.

B HekoTOpBIX BapuaHTaxX OCYIIECTBJIEHHs AAHHBIA CHOCO0 pa3padoTaH TakuM oOpa3oM, HTo,
XOTsI IOPUCTOE TBEPOE BEIIECTBO ITOIBEPTAIOT BO3IEHCTBHIO TAKOTO Jk€ OOIIEro KOJIM4ecTBa
KHUCJIOTBI HJIM OCHOBAHUA IYTEM KOHTPOJA X, q)paFMeHTaL[I/Iﬂ KOMIIOHCHTOB MTOPUCTOI'O

TBEPAOTO BEIIECCTBA HE IMPOUCXOAUT.
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B HEKOTOPBIX BapHUaHTaX OCYLICCTBJICHUA CIoco0 BKJIFOYAET BBIMCJIAYNBAHUE IICJTIOYbIO

-1 -1
MOPUCTOTO TBEPAOro BewecTa npu 5-60 r-y °, npeanoururenpbHo ot 20 go 40 r-a -, npu

>
3TOM Crocod MpeaycMaTpuBaeT MOABEPraHUe IOPUCTOrO TBEPAOrO BEINECTBA PEKUMY
00paboTkH, MPenyCMaTPHUBAIOIIEMY HECKOJIbKUX PEAKIUH B MATKHX YCJIOBUSAX B IPHUCYTCTBHH
NaOH npu temneparype ot 40 no 70°C, npeanodruTensHo rnpu temneparype ot 60 no 75°C,
U BpeMmsl peakuuu coctasiseT oT 10 go 50 muH., npeanouturensHo ot 20 no 40 muH., npu
5TOM pexxuM 00paboTku npenycmatpusaeT o0padboTku z ¢ momoinbto NaOH B konmuuecTse my,
Ui ToydeHust Toro ke konudectBa NaOH, koropoe moTpeOssieTcss B KayecTBe OXHOMU
obpadotku ¢ momomso NaOH B konmuectse or 0,15 10 0,25 M, 1 TOTIOJNHUTENBHO BKITFOYAET
BBIENAYMBAHIE ~ KHCIOTOM  IOPHCTOTO  TBEPAOrO  Bemectsa mpu  5-100 ra ',

-1
npeanoutuTesibHo oT S0 o 80 1 ', U mpu 3TOM CMOCcod MpeaycMaTpUBaeT MOJBEPTaHUe

>
HNOPUCTOTO TBEPAOTrO BEIIECTBA PEXUMY OOpabOTKH, MpPeAyCMaTPUBAIOIIEMY HECKOJBKO
peakuuii B MArkux ycnoswsx B mpucytctBun HCl mpu temmepatype ot 40 mo 100°C,
NpeANoYTUTENBbHO Npu Temmnepatype Bbilie 80°C, u Bpemsi peakiuuu cocTasiseT oT 1 a0
10 yacoB, IPEANOYTUTENBHO OT 2 10 8 4acOoB, IIPH 3TOM PEXUM 00pabOTKH MpenyCcMaTpUBaeT
obpabotku z ¢ momombo HCIl B xonmuuecTBe m, ans nonydenus: toro sxe konudectsa HCI,

KOTOpOe MoTpedsieTcst B kauecTBe OnHON 00paboTku ¢ momombo NaOH B kxonudectse or

0,05 10 0,35 M.

B HEKOTOpBIX BapHaHTaX OCYLIECTBIECHUs IIOPUCTOE TBEPJOE BELIECTBO MPENCTaBIIsieT COOOM

MMOPUCTOE TBEPAOEC BEICCTBO HA OCHOBEC CUJIMKATA.

B HEKOTOPBIX BapUaHTax OCYILICCTBJIICHHUA TBECPAOC BCHICCTBO Ha OCHOBE CHIIMKATa

MpeCTaBIIsIET COOOM MaTepHall C TOMOJOTHUEH, BRIOPAHHOMN U3 TPYIIIIBI, BKIFOYAIOLIEH

MWW, BEA, MFI, CHA, MOR, MTW, RUB, LEV, FER, MEL, RTH, AEL, AFI, CHA,
DON, EMT, CFI, CLO, TON, FER, ERI, MEL, MTW, MWW, HEU, EUO, RHO, LTL, LTA
u MAZ.

B HexkoTOppIX BapuaHTax OCYUIECTBJEHHS TBEPIOE BEIIECTBO HAa OCHOBE CHJIMKATa
MPECTaBIsIeT COOOM MaTepuas ¢ TOMOJOTHEH, BRIOpaHHOW U3 rpymibl, BKIroUdaromein MOR,

MFL, BEA u FAU.

B HEKOTOPBIX BapUaHTAaX OCYLICCTBIICHUSA TBEPAOC BCIICCTBO Ha OCHOBE CHUIIMKATA

MIPEICTABIISIET COOOM MOPHUCTBIN KPUCTAJUTHIESCKII CUITHKAT.
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B HEKkOTOpBIX BapuaHTax OCYLIECTBJIEHHUS TBEPIOE BEIIECTBO HAa OCHOBE CHUJIMKATa
NpeACTaBsieT COOOH NOPHUCTBIM  KPUCTAJUIMUECKUH  CHIIMKAT, XapaKTepU3YIOLIUICS

LIEOJIUTHOMN CTPYKTYPOHU.

B HEKOTOpBIX BapHaHTax OCYIECTBIEHHUs TBEPAOE BELIECTBO HA OCHOBE CUJIMKATA SIBJISIETCS
aMOp(HBIM, TaKMM KaK MHPOTCHHBIH JUOKCHUA KPEMHHsI WM CHJIMKareib. B HEKOTOPBIX
BAPUAHTAX OCYLIECTBJIEHHs MOPUCTOE TBEPAOE BEIIECTBO MPENCTaBJIsieT cOOOH amopdHbIit

AJJFOMOCHJIUKAT.

B HexoTOprIX BapuaHTax OCYILIECTBJIEHHUs TBEPAOE BEIIECTBO HAa OCHOBE CHUJIMKAaTa
NpPEeACTaBJsieT COOOH MOPUCTBIN yropsiAoYeHHbI cuiukar (Hanpumep, MCM-41 win SBA-

15).

B HEKOTOpBIX BapuaHTax OCYIIECTBIEHUs] IOPUCTOE TBEPAOE BELIECTBO MPENCTABIIAET COOOIT

YIOPSIOYEHHBIH amoMocrukat (Hanpumep MCM-41).

B HEKOTOpBIX BapuaHTax OCYIIECTBJIEHUs] MOPUCTOE TBEPAOE BELIECTBO MPENCTABIAET COOOI

NOpHCTHIN amopdHBIH (crmuko)amomodocdar.

B HekoTOpBIX BapuaHTax OCYIIECTBJIEHUs] IOPUCTOE TBEPAOE BELIECTBO MPENCTaBIAET COOOI
HOPHCTBIN KpucTayunueckuii (cunmko)amomodocdar (Hanpumep, AIPO-5, SAPO-11, SAPO-

34).

O¢ddexTuBHOCTL cnocoba BBIIETAYUBAHKUS OCHOBAHUEM U KHCJIOTOW JOMOJHHTEIBHO
MOBBIAIOT (C  TOYKH 3peHusi 0o0pasyemMoil  ME30MOPUCTOCTH M COXPaHSIEMbIX
KPUCTAJUTMYHOCTH, MUKPOTIOPUCTOCTH M KUCJOTHOCTU B OOPA3YIOIIUXCS IEOJUTAX) MyTEM
nobaBleHHs Coel B KHCJIOTHBIA MJIM OCHOBHBIH pacTBOp. JIaHHBIE COJNIM MOTYT CONEPKaTh
KaTHOHBI, BRIOPAHHBIE U3 TPYMIbl AMMOHUS, TIEPBUYHBIX, BTOPUYHBIX U TPETHYHBIX aMHHOB,
YETBEPTUYHBIX HOHOB AJIKUJIAMMOHMS U KaTuOHOB MeTasuios rpynm I, IT u I nepuoanyeckoii
cuctembl. CoNli BKJTFOYAKOT AHWOHBI, BBIOPAHHBIC W3 TPYMIbI, BKIIOYAKOIIEH XJIOPHIHBIE,
OpomunHble, HUTpaTHBIe, (pocdaTHble, CyiabdaTHbIE, alleTaTHbIC, LIUTPATHBIE, OKCAJIATHBIE,

TapTPAaTHBIC, (I)OpMI/IaTHbIe, MAJIOHATHBIC U CYKIIUHATHBIC aHUOHBI.

ITone3Herii 3gPexT conu mocTUraeTcss myTeM J0O0aBJICHUS CONM BO BpeMsl OOHON miu Oonee
00pabOTOK KUCIOTOM M OCHOBaHHeM. D dekT conu MoxkeT ObITh OoJiee YCUIICHHBIM ITOCIIe

nocnenyouei obpadorku mpu apyrom pH. Dto moapasymesaer, 4TO HPUCYTCTBHE COJNU
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MOXeT BIUATH Ha 3(dexTuBHOCTL 00pabOTKH, B KOTOPOH €€ NPUMEHSIOT, a TakXe Ha
s¢pdexruBHOCT cnepyromeidt  obpaborku. [lns  sicHocTH, ToNe3HbI  3ddexT mnpu
nocienymwlued oo0paboTke He CleAyeT MPUITUCBIBATh COJIIM, KOTOPbIE MOTJIM OCTaBaThCs B
TBEPAOM COCTOSIHUM BO BPEMS HETOJHOTO NMPOMBIBAHUS, MOCKOJIBKY OCHOBHOE KOJIHYECTBO
(>95%) conmu 0OBIYHO yHaJsIeTCsl Ha CTaUU MPOMBIBAHUS TOCHe TIepBOoit 0OpaboTku. Bmecto
3TOr0 MOTJIO TMPOU3OUTH HECKOJIBKO JIOKATbHBIX W3MEHEHHI B TBEPIOM BEINECTBE, KOTOPbHIE
TPYAHO HAOMIONATh HEMOCPENCTBEHHO NOcie OOpadOTKH, B KOTOPOH NPUMEHSUTH COJb.
JlaHHbIE JIOKAJIbHbIE H3MEHEHMUsI, BEPOSITHO, MPEAMOYTHTENLHO U3MEHSIFOTCS TIPU CIIEAYIOLIei
BTOpOH 00paboTke (YacTO BBIMOJIHAEMOW MpU pa3HbIX 3HaueHHsx pH, Hampumep, KUCIOTOM

MOCJIE IEJI0YH U HA00O0POT).

Hampumep, B cinydae aByx o0paboTok (z = 2, KHUCJIOTa-OCHOBAHHUE), €Cciu 3a 00paboTKOH
KUCJIOTON crenyer oOpaOoTka OCHOBaHHEM, MOJE3HbIH 3(PQeKT OT n00aBIEeHHs COJNU BO
BpeMsi TiepBOi 0OpabOTKM KHUCJIOTOW CTAaHOBHUTCS OOJiee BBIPAKEHHBIM TOCJTE BTOPOU
00paboTk OCHOBaHHEM (TIOCNIEAHIOK BBINOJHAIT NPU OTCYTCTBUU JIOTIOJHUTENbHBIX
coneit). B kadectBe npyroro npumepa, B ciydae 2 00paboTok (z = 2, OCHOBaHUE-KHCIIOTA),
€CJId Tocyie 00pabOTKH OCHOBaHHEM clienyeT 00paboTka KUCIOTON, TO MPUCYTCTBUE COJIU BO
BpeMsi 00pabOTKH OCHOBaHUEM CUJIBHO BiHsieT Ha 3((eKTHBHOCTb cieayrouieii o0paboTku

KUCJIOTOM, Jaske €CJIU BO BpeMst MocyieaAHe 00pabOTKH KUCIOTOH COIb OTCYTCTBYET.
ITPUMEPEI

CpaBuurenbnblii npumep 1. O6paboTku OCHOBaHUEM OCYINECTBILIN mpu 65°C B TeueHue
30 muH. B KpyrjiomoHHoW konbe ¢ memankoi. CoorBercrBenHo, 3,3 r USY (CBV712 ot
Zeolyst) cycnienaupoBanu B 90 MJ1 BOIIBI, K MOIYYEHHOMY CTYIEHYATO NOOABISUIH OCHOBAHUE
(«G»), B Teuenne 30 muH. co ckopocThio 0,2 Mmosib NaOH Ha rpaMM HCXOIHOTO LIEOJIHTA B
MUH. ¢ ipuMeHeHneM 2 M ucxonuoro pactopa NaOH. Ilocne peakunu TBepmoe BEECTBO

BBIJIEJISUTH U3 CYCIIEH3UH C IPUMEHEHNEeM (priibTpanuu ¢ BOPOHKOH broxHepa.

CpaBaurenbHblii npumep 2. Tlocne o6paboTkn OCHOBaHMEM, Kak OMHUCAHO B mpumepe 1,
HECKOJIPKO TPaMMOB IOJIy4€HHOTro o0pasia moasepraiu 3 mpolenypaM MOHHOrO oOMeHa B
250 mn Bompl, pomomHeHHOM NH4NOs3 (0,8 T Ha rpamMm 1meonuTa), C MOCIERYIOIIUMHU
¢unbTpanueii, eicymmmusanueM npu 60°C B TedeHue HOUM U mpokanuBaHueM mpu S50°C B

TeyeHue S 4.
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CpasaurenbHblii npumep 3. Ilocne o6paboTkn OCHOBaHMEM, Kak OMHCAHO B mpumepe 1,
HECKOJIbKO TPaMMOB IOABEpPrajid MOCieAyomel o0padoTke KHUCIOTOW, MPOBOIUMOH C
npumeHeHueM 67 rpamMoB 1eonurta Ha autp 0,22 M pactBopa HCI npu 95°C B Teuenue 6 u.
B KPYTJIOZOHHOH Koj0e ¢ Memankod. B maHHOM mpumepe LEeoauT MPUBOAWIN B KOHTAaKT C
KHCJIOTOH Cpa3y co BceM KoaudecTBoM («D»), To ecTh He crymeHuatrbiM criocodom. IToce
peakuMu TBEPAOE BEINEeCTBO BBIACISUIM W3 CYCIEH3UU C TPUMEHEHHEM (PUIbTPALUH C
BOPOHKOUM bBloxHepa W moaBeprajivu 3 mpoueaypaMm HOHHOTO oOmena B 250 mu BOmBI,
nonosmHernHo NH4NOs3; (0,8 r Ha rpamm 1eonura), ¢ NOCIEAYIOLUMH (QHUIbTpaUeH,

BeIcyiMBaHueM Ipu 60°C B TedeHue HOUU U npokaiuBaHueM rnpu 550°C B Teuenue S 4.

CpasuurenbHblii npumep 4. Ilocine 06padoTkn OCHOBaHMEM, Kak OMUCAHO B mpumepe 1,
HECKOJIBKO T'PAaMMOB TOJBEPraJid JOMOJHHUTENBHON 00paboTKe KHCIOTOH, MPOBOAUMOHN C
npumMeHeHneM 67 rpamMoB eonuta Ha autp 0,44 M pactsopa HCI mpu 95°C B Teuenue 6 4.
B KPYIJIONOHHOW kojOe ¢ memankoil. Ilocnme peakiuy TBeprOe BELIECTBO BBIACISUIM U3
CYCIIEH3HMH C MPUMEHEHHEM (PHIIbTpaLli ¢ BOPOHKOH broxHepa u moxsepranu 3 mporenypam
noHHoro odmena B 250 mut Bozgel, gomonHeHHo NH4NOs3 (0.8 r Ha rpamm wneosura), ¢
nocjenymuMu  puiasTpanuel, BeIcymuBaHueM npu  60°C B TedeHME HOYH W

npokanusanueM npu 550°C B Teuenue 5 u.

Ipumep S. ITocne 06paboTku OCHOBaHHEM, KaK ONMUCAHO B mpuMepe 1, 06paboTku KUCIOTON
IO HacTOsIIIeMy H300peTeHHto mpoBoauan npu 95°C B TeueHue 6 4. B KPYTIIOJOHHOH KoJiOe ¢
mewmankoi. CoorBerctBeHHo, 2,7 r USY, oOpaboTaHHOrO OCHOBaHUEM, CYCIEHIUPOBAIU B
40 MJ1 BOABI, K MOJYYEHHOMY CTYIMEHYATO MOOABJISLTA KHCIOTY B T€UEHHE 6 4. CO CKOPOCTHIO
0,55 mmonp HCI Ha rpamMm HCXOTHOrO LIEOJIMTA B 4Yac ¢ mpuMeHeHueM 3,14 M HCXOmHOro
pacteopa HCI. Tlocne peakiun TBepAOe BELUIECTBO BBINEISUIN U3 CYCIIEH3UU C IPUMEHEHUEM
¢dunbTpanuu ¢ BOpoHKOH broxaepa u moxsepranu 3 mpouenypaMm HOHHOTO obMeHa B 250 mi
Bonbl, ponosHeHHOW NHyNO;3 (0,8 r Ha rpamMm 1eonuTa), ¢ NOCIENYIOINUME (UIbTPAIUeH,
BeIcylIMBaHueM npu 60°C B TedeHure HOUM U npokaiuBaHueM npu 550°C B Teuenue 5 u. Kak
noka3aHo B Ta0auume B, XxapakrtepHble CBOHCTBA (MHUKPOIOPUCTOCTh, KHCIOTHOCTB
bpencrena, KpUCTAIIMYHOCTD), BTOPUYHAS TIOPUCTOCTh (ME30TIOPHCTOCTD) U KaTAIUTHUECKUE
CBOWCTBA MAHHOrO OOpasla 3HAYUTENBHO IPEBBIIIAIOT CBOHCTBA, KOTOPBIE OTHOCATCS K
o0pasuy, MOJNy4eHHOMY MOCPEICTBOM CTaHAAPTHOW OOpabOTKM KHCIOTOH C NPUMEHEHUE

TAKOrO K€ KOJMYECTBA KHCJOTHI Ha rpaMM neonurta (nmpumep 3). DTO, COOTBETCTBEHHO,
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YETKO JIEMOHCTPUPYET IMPEUMYyIIeCTBa CTYMEHYAaTOro BBIMIOJHEHUs 00paboTKM  Kak

OCHOBaHUEM, TaK U KHCJIOTOH.

IIpumep 6. ITocne 0OpaboTku OCHOBaHHEM, KaK ONMUCAHO B mpuMepe 1, 06paboTku KUCIOTON
0 HACTOsIIEeMy n300peTeHHto mpoBoauan npu 95°C B TeueHue 6 4. B KPYIIIOJOHHOH KoJide ¢
mewmankoi. CoorBercrBenHo, 2,7 r USY, o0paboTaHHOrO OCHOBaHUEM, CYCHEHIUPOBAIU B
40 MJ1 BOABI, K MOJIYYEHHOMY CTYIEHYATO NOOABJISUIN KHCIOTY B TeUE€HHE O 4. CO CKOPOCTHIO
1,1 mmone HCl Ha rpamMM HMCXOAHOrO II€ONMTa B Yac ¢ NMpuMeHeHueM 3,14 M ucxomHoro
pacteopa HCI. Tlocne peakiuu TBepAOe BEIIECTBO BBINEISUIN U3 CYCIIEH3UU C IPUMEHEHUEM
(buIbTpau ¢ BOPOHKOW broxHepa u moasepranu 3 mpolueaypaM HOHHOTO oomena B 250 mut
Bonbl, ponosHeHHoW NHyNO;3 (0,8 r Ha rpamMm 1eonuTa), ¢ MOCAENyIOIUME (UIbTPAIUeH,
BBICYLIIMBAHUEM B Te€Ue€HHUE HOUM U npokanusBaHueM npu 550°C B teuenue 5 4. Kak nokazaHo
B Tabauue B, xapakTepHble CBOWCTBAa (MHUKPOIIOPUCTOCTh, KHCJIOTHOCTh bpeHcrena,
KPHUCTAJUTMYHOCTD), BTOPUYHAST IOPHCTOCTh (ME30TMOPUCTOCTh) M KATAIUTHYECKHE CBOWCTBA
DaHHOrOo 0Opas3la 3HAYMUTENbHO MPEBBIIAIOT CBOMCTBA, KOTOPBIE OTHOCATCA K 00pasmy,
MOJIy4€HHOMY TIOCPEICTBOM CTaHIAPTHOW OOpaOOTKH KHCIOTOW C NMPUMEHEHHE TaKOro XKe
KOJIMYECTBA KHUCIOTHI Ha rpamm neosuta (mpumep 4). OTO, COOTBETCTBEHHO, YETKO
JIEMOHCTPHPYET MPEUMYIIECTBA CTYIIEHYAaTOrO BBIMOJHEHNSI 00pa0OTKN KaKk OCHOBAHHMEM, TaK

U KUCJIOTOM.

B Ta6mmue B mpuBeneHsl KPUCTAUIMYHOCTD, MIOPUCTOCTh, KUCIOTHOCTb U KAaTATUTHYECKUE
cBolicTBa OOBbIUHBIX wLeoauToB USY, o00paOoTaHHBIX OCHOBaHMEM U 00pabOTaHHBIX

OCHOBaHHUEM U KUCJIOTOH.

Ne OcHoBanue [Kucnora Vieso: Vipo Kpucr.” Kucnoraocts]A?  [A°

npuMepa |(TiepBast (BTOpas MIT'T T (% MKMOITL T o o
o0OpaboTtka) |obpaboTka)
rnb,o6m./ ma,o6ul./
m Ims
rrh  (rrh

Usy" - - 0,18 0,25 100 270 15 3.3

2 0,24 - 0,31 0,24 61 313 264 2,2
(G)2 (+72%)" {(—4%) |[(-39%) (+16%)

3 0,24 0,12 0,35 0,22 63 325 540 2,2
(G) (D) (+94%)  [(~12%) [(~37%) [(+19%)

A 0,24 0,24 0,36 0,20 67 267 431 3,3
(G) (D) (+100%) (—20%) [(—33%) |(—1%)

5 0,24 0,12 0,38 0,25 85 427 570 @1
(G) (G) (+111%) [(0%) [(—15%) (+58%)
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6 0,24 0,24 0,35 0,26 81 494 574 3.3

(G) (G) (+94%) |(+4%) [(—19%) (+83%)

*Ancopbuus asora. bXRD, M0 CPaBHEHHIO C UCXOAHBIM HEeoTUTOM USY («OOBIMHBIMY).
“Tupunus. “TIpoM3BOXUTENBHOCT KATANM3ATOPA IIPU MPEBPALICHHH O-THHEHA B IPaMMax
00pa3oBaHHBIX MOJE3HBIX MPOAYKTOB (JMMOHEH, KaM(eH, O-TepIHHEeH, Y-TepIUHEH,
TEPIIMHOJIMH, TI-LIMMOJT) HAa FPAMM KaTaJIU3aTOPOB B Yac. ‘TIpOU3BOMUTENLHOCTD KAaTAIU3aTOPa
NpU ATKWJIMPOBAHUHU TONyosNa OEH3WJIOBBIM CIIUPTOM, BBbIPAKEHHAsi B T MPEBPAIIEHHOTO
GeH3HMIIOBOTO CIIMPTA HA IPAMM KATAM3aTOPOB B YaC. '3HAUEHMs B CKOOKAX YKA3HIBAIOT HA
BbI3BAHHOE M3MEHEHME M0 CPABHEHUIO C UCXOAHBIM 0Obr4HbIM 1eonutoM USY. EBykBbl B
ckobkax B cronbuax «OcHoBanue» u «Kucimora» yka3blBarOT, MPOBOAMIACH Ji 00paboTKa
crynendaro (G) wim He crymeHuyaro ¢ pgobOaeineHWeM Bcero kosmdectsa cpasy (D).

"Kommepueckuii USY npenocrasien Zeolyst (CBV 712).

CpaBaurenbHblii npumep 7. Heckonbko rpammoB kommepueckoro reonurta NaY (CBV 100
ot Zeolyst) moaBepraiu KHCIOTHOU 0OpabOTKe, MPOBOIMMON ¢ MpUMEHEHUueM 67 rpaMMOB
neosura Ha Jutp 0,15 M H4EDTA npu HarpeBaHuu ¢ 0OpaTHBIM XOJIOIUIBHUKOM B T€UEHUE
6 4. B KpyIJIONOHHOW KoJibe ¢ Memankoi. [locne peakiuu TBepAOe BELIECTBO BBIACIISIIN U3

CYCIEH3UH C IPUMEHEHHEM (PUIIBTPALMN C BOPOHKOH BroxXHepa, MpOMBIBAIM U BBICYLIHBAJIH.

CpasaurenbHbiii npumep 8. Heckonbko rpamMoB kommepueckoro rneosura NaY (CBV100
ot Zeolyst) moasepraiu oOpaboTke KHCIOTOH, NMPOBOAMMON C NpPUMEHEHHeM 67 rpaMMOB
LIEOJIMTa Ha JIUTP, MOCPEACTBOM N00aBieHUs SKBUBaJeHTHOro konmuuectBa H4EDTA, kak B
npumepe 7, B BUIE TBEPAOrO BELIECTBA B JECITH 03aX, PABHOMEPHO paCIpelesIeHHbIX B
TedeHHe O-dacoBOll 0OpabOTKM, TpPH HArpeBaHUH C OOPAaTHBIM XOJOAWJIBHHKOM B
KPYIJIOAOHHOUM Koji0e ¢ Memankou. Ilocie peakuwu TBEpAOe BEINECTBO BBIASISUIH U3

CYCIEH3HH C IPUMEHEHUEM (PUIIBTPALIK C BOPOHKOM BroXHepa, MpOMBIBAIM U BBICYIUBAJIH.

CpasnaurenbHblii npumep 9. TBepnoe BelecTBo, MOJYUYEHHOE B MpuMepe 7, MOABEpraiu
nocnenyroeir odpabotke ocHoBanweM. Ee Bbmonasuin npu 65°C B Teyenwe 30 MHUH. B
KpyrJIonoHHOW konbe ¢ wmemankod. CooTBercTBeHHO, 1,60 T TBepAOro BeIeCTBa
CYCHEHOUPOBAIM B 45 MJI BOABL, K MOJNYYEHHOMY CTYNEHYAaTO AOOABJSIN OCHOBAHHE B
tedeHre 30 muH. co ckopocThio 0,2 Mmmone NaOH Ha rpamMm HMCXOAHOTO LIEOJMTa B MUH. C
npumeHeHueM 2 M wucxopHoro pactBopa NaOH. Ilocnme peakuum TBepAoe BELIECTBO
BBIJIEJISUTM U3 CYCIIEH3UU C IPUMEHEHNEeM (UIIbTpaLlui ¢ BOPOHKOH BroxHepa, mpombIBaHus U

BBICYHINMBAHUS.
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IIpumep 10. TBepmoe BeWECTBO, MOJYYEHHOE B mpuMepe 8, MOABEpraju MOCIEAYIOLIEH
obpabotke ocHoBanueM. Ee Beinonssiim npu 65°C B Teuenune 30 MUH. B KPYTJIOAOHHON KOJOe
¢ mewankoi. CoOTBETCTBEHHO, 1,60 I TBEpOro BellecTBa CyCHEHANPOBAIN B 45 MJI BOABI, K
HOJyYEHHOMY CTYIE€HYaTo JA00aBisiM OCHOBaHWE B TedeHHe 30 MHH. CO CKOPOCTBIO
0.2 mmonb NaOH Ha rpaMM HCXOJHOrO LI€OJMTa B MUH. C NpHUMeHeHueM 2 M HCXOIHOro
pactBopa NaOH. Ilocnme peakuwu TBepaOe BELIECTBO BBIACISIIA W3 CYCIEH3UU C
npUMeHeHneM (uibTpalii ¢ BOPOHKOW bBIOXHepa, MpoMbIBaHUS W BbICymuBaHus. Kak
nokazano B Tabuauue C, XapakTepHble CBOWCTBA (MUKPOIIOPUCTOCTh U KPUCTAJUIMYHOCTD) U
BTOPHYHAsI TIOPUCTOCTh (ME30MOPHCTOCTb) JaHHOrO 00pas3la CYIIECTBEHHO IPEBBIIIAIOT
CBOWCTBA, KOTOpPBIE OTHOCATCA K OOpasiy, IMOJIYYEeHHOMY MOCPEICTBOM CTaHAAPTHOM
00pabOTKM KHUCIOTOW C MPUMEHEHHEM TaKOTrO JK€ KOJMYECTBA KHCIOTHI Ha TPaMM LIEOJIUTA
(mpumep 9). DTO, COOTBETCTBEHHO, YETKO IEMOHCTPUPYET NMPEUMYINECTBA CTYIIEHYATOIO

BBITTOJIHEHHUST 00pa0OTKH KaK KHCIOTON, TAK U OCHOBAHHEM.

B tabinue C npoaeMOHCTPUPOBaHbI MOPUCTOCTh U KPUCTAJUIMYHOCTH MPOMBIIIJIEHHBIX,

00pabOTaHHBIX KUCIOTOH U 00pabOTaHHBIX OCHOBAHHEM U KHCJIOTOH IIEOJTUTOB Y.

Ne Kucnora  |OcHoBaHME |[Viesow  |Vamxpo:  |KPHCTammmuHOCTH (Si/Al°
npuMepa |(mepBast (BTOpas T M (% MOJIb MOJTE |
oOpaboTtka) jpoOpaboTka)
My, 06/ M o6/
M M
(rr) (rr)
NaY® - - 0,01 0,33 100 2,6
7 0,66 - 0,11 0,21 32 -
(D)’
8 0,66 - 0,09 0,29 46 -
(G)
O 0,66 0,24 0,41 0,15 25 -
(D) (G)
10 0,66 0,24 0,52 0,23 78 -
(G) (G)

b

*Ancopbuus  asora. XRD, 1o CpaBHEHMIO C  HCXOJHBIM  LEOJIUTOM Y
d

(«xommepueckum»).“TCP-OES. “Byksbl B ckoOkax B cronbuax «Kucmoray u «OcHOBaHHE)

YKa3bIBAIOT, MIPOBOAMIIACK JH 00paboTka crynenuato (G) wid He CTYNeHYaTo ¢ 10OaBIeHuEM

Bcero konmyectsa cpasy (D). “‘Kommepueckuii NaY npenocrasien Zeolyst (CBV 100).

Cpasuutenbhblii mpumep 11. OObMHBIE METOAUKH BBILISIAYMBAHUS OCHOBAHUEM
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B Tabamme A  npoaeMOHCTPUPOBAHBI  (PU3MKO-XMMHUYECKHE CBOWCTBA  OOBIYHBIX
(HeobpaboTaHHBbIX) U 00pabOTaHHBIX KUCJIOTOH M OCHOBAHHWEM LIEOJIUTOB C MPUMEHEHHUEM
BO3JEUCTBHsI C JOOABJICHHEM BCEro KOJIUYECTBA, HANPUMED, HE CTYNEHYATOro A00aBJIECHUS,
OCHOBAaHHUSI WJM KHUCJIOTHI Ha IeonuT. JlaHHbIE TNpHUBEIEHBI OTHOCHTEIBHO HCXOIHBIX

(HeoOpabOTaHHBIX) LIEOJUTOB.

Leonutr IlocnenosarenpHocte Mesonopu MukponopKpucrannna Kucnornocts Bpems

MoaupUKaLMu CTOCTH®  MCTOCTH' HOCTB' Bpencrena®  ¢unsrpa
(%) (%) (%) i’ (%)
(%)
Y HeoOpabOoTaHHBIIH 100 100 100 100 -
Y nepsast: kucnora (D) 2100 61 51 52 -

BTOpast: ocHoBaHue (D)
TpeThbs: kucnora (D)

USY?  neoBpaGorauubiit 100 100 100 100 100
USY  ocHoBanue (D) 259 97 54 67 200
USY-II° HeoGpaboTaHHbIH 100 100 100 100 100
USY-II ocuoBanue (D) 336 81 64 57 3400
USY-III' neo6paGoTauusiit 100 100 100 100 100
USY-III ocuosanue (D) 296 78 76 93 4400
ZSM-58 HeoGpaboTaHHbIM 100 100 100 100 100
ZSM-5 ocHoBanue (D) 700 57 72 84 600
Gera®  HEOOPaGOTAHHBI 100 100 100 100 100
Oera ocHoBanue (D) 313 90 61 76 500

*JlaHHBIE B OTHOIIEHMH MOPMCTOCTH, KPUCTAUIMYHOCTH M KUCJIOTHOCTH OBbLIM MONYYEHBI U3
ACS Catalysis 2015, 5, 734. "Bpemst punbrpanun npu o6paGoTKax OCHOBAHHEM ObLIO
MOJIYy4EeHO TyTeM Bocmpou3BeneHus skcnepumenToB u3 ACS Catalysis 2015, 5, 734 B
macmrrade 100 Mt 1 QpunbTpauuu ¢ MpUMEHEHHEM YCTaHOBKHM BroxHepa ¢ (uIbTpOBaJIbHOM
Oymaroii Barmana NeS (muamerpom 9 cm). Bpemst ¢punbrparmu HeoOpaOOTaHHBIX OOBIUHBIX
[[EOJIUTOB OMNpeNesisuin NocpencTsoM (unbTpanmu cycneHsun 3,3 r meonmrta B 100 mu
OUCTHJTMPOBAHHOW BOZBI C MPUMEHEHHEM YCTaHOBKU BroxHepa ¢ GUIbTpOBaIbHON OyMaroi
Barmana Ne5 (mmamerpom 9 cm). ‘CBV 712, Si/Al=6. °CBV 720, Si/Al=15. 'CBV 760,
Si/Al=30. 8CBV 8014, Si/Al =40, Si/Al=6. "TOSOH, HSZ-940HOA, Si/Al=20. 'BykssI «D» B
cronbue «IlocnemoBaTenbHOCTE MOAM(MUKALMI» YKa3bIBAIOT HA TO, 4YTO 00padoTKH

BBITIOJIHSUIA HE CTYTMIEHYAThIM CITOCOOOM ¢ TOOaBJICHUEM BCETro KOJIMYECTBA CPA3y.
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dopmyJia u3odpeTeHust

1. Cnoco® oOpasoBanust me3omop B oObeme 0,05 mu/r unmu Oojiplie B LEOJNUTAX C
Tononorueil GpoxkasuTa U pPasMepoM 3NeMeHTapHOil sueiiku He Gomee 24,70 A, rme meonur
HOABEPraloT MO MeHblIel Mepe OgHON 00paboTke (z) OCHOBAaHMEM M IO MEHbINEH Mepe
onHON 00paboTKe (z) KUCIOTOM, pa3feNieHHbIM CTaANel OTAEJNeHHs TBEPAOrO BEIIeCTBa JJIs
u3BjeueHnss oOpabOTaHHOTO LEoNUTa, MpHYeM Oo0paboTka XapakTepusyercss Tem, 4uTo 1)
MaKCUMAaJIbHOE KOJHMYECTBO OCHOBAHHS My yaxe AT Mp(t), TPHUBEIEHHOTO B KOHTAKT C
HEOPraHUYECKUM MMOPUCTHIM TBEPIbIM BEIIECTBOM M B JIFOOOI MOMEHT BpEMEHH t Ha CTaJuu
¢), coctasysieT He 6onee 0,25 (my o4, /M), 1 MAKCUMAIIBHOE KOJIUYECTBO KUCIOTBI My 5yaxc. AJIS
m,(t), MPUBEIEHHON B KOHTAKT ¢ HEOPTaHMYECKUM MOPHUCTBHIM TBEPIbIM BEINECTBOM M B
moboii MoMeHT BpeMeHH t Ha craamu f), cocrtaBmsier He Oonee 0,25 (Mg opy/ms);, U 2)
00paboTaHHBII IIEONNUT, U3BJIEUEHHBII HA HAYaJIbHOW cTagnu OOpabOTKH Z, MOABEpPraeTcs

cnenyroiei cranuu o0padoTku z; u 3) 06paboTku Z MPenyCMaTPUBAIOT
CTaIUIO 1), BKIFOYAOIIYIO!

a) obecrieuerne (Hoka3uTa B KOJUIECTBE Ms;

b) obecrieueHne o0Iero KOJIUIECTBA OCHOBAHUS My o4y, U

c) mpuBeneHne (okasuTa B KOHTAKT C KOJHMYECTBOM OCHOBaHHs M,(t) B pacTBope U
obecrieueHne WX peakIUu B TeUeHHWe Iepuona BpeMeHH At g obmero Konu4ecTsa

OCHOBAHHUS My o6y
U CTAIUIO 11), BKJIFOYAIOIIYIO!

d) obecnieuenue hoxaszuTa my;

e) obecnieueHne OOLIero KOINUECTBA KUCIOTBI My, o5y, U

f) nmpuBenmeHme ¢QoxkasuTa B KOHTAaKT C KOJMYECTBOM KHCIOTHI Mmu(t) B pacTBOpe U

obecneyeHue Ux p€akuru B TCUCHUE MIEPUOJa BPEMECHU At JJIA O6H.I€FO KOJINYECTBA KHUCJIOThI

ma,oﬁm.;

C TOJyYeHHEM, TakuM o0pazoMm, oO0pabOTaHHOrO HEOPraHMYECKOro IOPUCTOrO TBEPAOTO

BCHIICCTBA.
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2.  Cnocob® oOpazoBanmsi me3omop B oObeme 0,05 mui/r mimu Oojibllie B LEOJNUTAX C
Tomnosioruei (hokasuTa U PasMepoM dIeMeHTapHoOl sueiiku He Gomee 24,70 A, rme croco6
NpeayCcMaTpUBaeT 1O MEHbIIeH Mepe ABe OTHAENbHBIX 00paboTKu (z), KOTOpbIE pa3/ieseHbI
cTaaueil OTAeNeHNs] TBEPAOro BEINECTBa, IIPHU STOM 110 MEHbIIeH Mepe OfgHa U3 00paboToK Zz

IpeyCMaTpPUBAET CTATUH:
a) obecrieueHust HoKa3nUTa B KOJIUIECTBE Mg,
b) obecrnieuenns 00IIErO KOJINYECTBA OCHOBAHUS M o6y, U

c) mpuBeneHus (oka3uTa B KOHTAKT C KOJIMYECTBOM OCHOBaHUS Mp(t) B pacTBOpe H
o0ecrieyeHns] WX pEaKkIMU B TeueHHe nepuojga BpeMeHH At mnms obmero Koiu4ecTsa

OCHOBAHUS M o6y, ;
U 110 MEeHbIIIel Mepe oHa 00paboTKa z MpeayCMaTPUBAET CTAINH:
d) obecnieuenus poxasuTa m;

e) obecnieueHus: OOLIETr0 KOJMYECTBA KUCIOTBI My, o6y, U

f) nmpuBenmeHust Qoskasura B KOHTAKT C KOJIMYECTBOM KHCIOTHI M,(t) B pacTBOpe u
o0ecrieyeHnsl UX peakLu B TeUeHHe Meproaa BpeMeHHu At i 00LIero KOJuuecTBa KUCIOTHI

My, 0614.5

C TOJy4eHHEM, TaKuM 00pazoMm, oO0paOOTAaHHOTO HEOPraHWYECKOTO MOPHCTOrO TBEPIOrO

BEIIECTBA;

Il B 3aBUCHMOCTH OT mopsigka oOopadoTok mg o3Hauaer Jnb0 HeoOpaboTaHHBIH (okasuT,
a0 (HoKa3uT, MONYUEHHBIH B pe3yJIbTaTe paHee BBITOJHEHHON 00pabOTKU B COOTBETCTBUU

CO cTanuel ¢) uiu cragueii f),

U II€ MaKCUMAJIbHOE KOJIMYECTBO OCHOBAHUS My yaxe A1 Mp(t), IPUBEIEHHOIO B KOHTAKT C
HEOPTaHUYECCKUM MOPHUCTBIM TBEPABIM BCIICCTBOM 115 B .]'II'O6OI>1 MOMCHT BpPEMCHU t Ha cTaguu
¢), coctassieT He Oonee 0,25 (mp o5, /Ms), U TAE MAKCHMAIBHOE KOJMYECTBO KUCIOTHI My yaxc.
m,(t), NPUBEAEHHON B KOHTAKT C HEOPTraHUYECKUM IMOPUCTBIM TBEPIBbIM BELIECTBOM M B

m000i MOMEHT BpeMeHH t Ha ctaauu ), cocraBisier He Oonee 0,25 (My, o4, /ms).
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3. Cnoco0 no mobomy u3 mi. 1-2, TOTMONHUTENBHO MPeayCMaTPUBAIOIINHA 10OaBIEHHE BO
BpeMsi 00pabOTKM OCHOBaHUEM (CTaaus C)) W/UIH BO BpeMsi 00paboTku KuciaoTol (cragus f))
noOaBkw, BeiOpanHOM U3 rpymbl, BKarovaromei NaCl, KBr, AI(NO3)3, Ga(NO3)3, TPABr u

DEA nim ux kOMOMHALMIO.

4. Cnocob no mobdomy U3 mm. 1-2, TOMONTHUTENBFHO MPeayCMaTPUBAIOLIHK 100aBICHHE BO
BpeMsi 00pabOTKH OCHOBaHUEM (CTaaus C)) U/ UK BO BpeMsi 00paboTKu KucaoTo (cramus f))
no0aBKH, MPENCTABJISIONIEH COOOHM COJIb, COAEPIKALIYI0 KATUOHBI, BBIOPAHHBIE M3 TPYIIIHI,
BKJTFOYAIOLIEH aMMOHHIA, IEPBHUYHbBIE, BTOPHUUYHbBIE, TPETHYHbIE AMUHBI U Y€TBEPTUYHbIE UOHBI

AJKUJIAMMOHMUS, U KaTHOHBI MeTasuios rpynn I, 11 u III nepuonnyueckoi CucTeMsl.

5. Cnocob mo mobomy u3 mi. 1-2, TONMOJHUTENBHO NPeayCMaTPUBAIOIINI J00aBICHHE BO
BpeMs1 00pabOTKH OCHOBaHUEM (CTaaus C)) W/UIH BO BpeMsi 00paboTKu kuciaoTol (cramus 1))
npu obOpabotke (z) OCHOBaHMEM HOOABKH, NPEACTABISIIOMEH COOOH COJNb, COAEPIKAIIYIO
AHHUOHBI, BbIOpPAaHHBIE M3 TPYINbI, BKIOYAOIIEH XJIOPHOHbIE, OPOMUIHBIE, HHUTPATHBIE,
docdarnbie, cynabpaTHble, alleTaTHbIe, LIUTPATHbIC, OKCANATHbIE, TAPTPATHbBIE, (POPMHUATHBIE,

MAJIOHATHBIC U CYKIIUHATHBIC AaHUOHBI.

6. Cnocob no mobomy u3 mnm. 3-5, mpu KOTOpoM 0OpabOTKY COJIBIO MPOBOISAT TAKHM JKe

CTYIIEHYAThIM CIIOCOOOM, KaKk U 00pabOTKy OCHOBAaHHEM WJIM KUCJIOTOM.

7.  Cnoco® oOpasoBanusi Me3omnop B oObeme 0,05 My/r miam Oosblie B LIEOJUTAX C
Tonosorueii hokasuTa U pasMepoM 3JIeMEHTapHO sueiiku He Gonee 24,70 A mo mobomy u3
nn. 1-6, mpu KOTOPOM HCXOIHBIA LEOJHUT MOABEPraloT oOpaboTKe z OCHOBAHUEM M IOCIE

u3BJIeUeHHs — 00pabOTKe Z KUCIOTOH.

8. Cmocob obpasoBanusi me3zornop B obweme 0,05 my/r wiam Oojibile B IEOJUTAX C
Tonosorueii HokasuTa U PasMepPOM 3JIeMeHTapHOI sueiiku He Gonee 24,70 A mo mobomy u3
nn. 1-6, mpu KOTOPOM HMCXOIHBIN IIEONHUT MOIBEPraroT o0paboTKe z KHUCIOTOW U MOCHe

U3BJIeYeHUsT — 00pa0OTKE Z OCHOBAHUEM.

9. Crniocob mo mobomy u3 mm. 1-8, rae MakCUMabHOE KOJIMYECTBO OCHOBAHUS My e IS
my(t) B moOOH MOMEHT BpeMeHH t Ha cTaguu C) cocraBiusieT He Oomee 0,25 X my py.
npexnnouyrutenbHo He Oonee 0,10 X my o4, , IpeanouTuTensHO He Oonee 0,05 X my 44y, U TOE

MaKCHUMAJIbHOE KOJMYECTBO KHUCIOTBI My e AT M,(t) B JI000H MOMEHT BpeMeHH t Ha
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cTaauu C) cocrasisieT He Ooinee 0,25 X my 44, IpeanouTurensHo He Oonee 0,10 X my ey, .

NpeAnoYTUTENbHO He Oosee 0,05 X my o4, .

10. Cmoco6 mno mobomy w3 mm 1-9, rme cragus a) MpeaycMaTpUBaeT
a’) obecrieueHne (QokasuTa B KOJIMYECTBE 1N, CYCIEHAMPOBAHHOTO B PacTBOPE,

NPEANOYTUTENIBHO B BOJIE;
u rae cranus d) mpenycMaTpuBaeT

d’) obecneuenue ¢okasuTa B KOJUYECTBE M, CYCIEHIUPOBAHHOTO B pPAacTBODE,

2

MPpEATIOYTUTEIIBHO B BOAC.

11. Cnocob no mobomy u3 mm. 1-10, rae ocCHOBaHUE MPENCTABISIET COOON HEOPTAHUYECKOE
ocHoBanue w3 rpymmsbl, Bkmouaromeii NH4,OH, NaOH, KOH u LiOH, wiu roe ocHOBaHMe
MIPEICTABIISIET COOOM OPraHUYeCKOe OCHOBAHUE, TAKOE KaK TMAPOKCH TETPAPOIIIAMMOHUS,
OUSTUJIAMUH,  OUOPONIJIAMHH,  TUAPOKCHUA  TeTpaOyTHJIAMMOHHMS W THIPOKCH]

TETPAITUIIAMMOHMS UJIN UX KOM6I/IHaLII/II/I.

12.  Cnoco6 mo mobomy u3 nm. 1-11, roe oOpaboTKy KHUCIOTOH MPOBOIST C MPUMEHEHHEM
HEOpPraHM4Yeckol KHUCIOThL, BblOpaHHOW u3 rpynmsl, Brmouaromedn HCI, HNOs, HySOg,
H3PO4, H3BOs, unu roe oOpaboTKy KHCIOTOH MPOBOAST C MPUMEHEHHEM OpPTraHUYeCKOi
KUCJIOTBI, BBIOPAHHOH M3 TPYIIIbI, BKIOYAKOLICH IABENEBYIO KUCIOTY, JUMOHHYIO KUCIIOTY,
YKCYCHYHO KHCJIOTY, OeH301HYI0 KHCJIOTY, MYPaBbUHYIO KUCJIOTY,
STWJICHAUAMUHTETPAYKCYCHYIO KUCJIOTY (H4EDTA), JVUHATPUEBYIO COJb

sTUIeHIUaMUHTEeTpayKkCcycHOU kucioThl (NasH,EDTA) wnu nroObie mX KOMOMHALIH.

13. Cmocod mo mobomy wu3 mm. 1-12, rme cmocod® mpenycmaTpuBaeT psin n0OaBICHUH
OCHOBAHUSI WJIU KHCIOTBI Ha 00paboOTKy (X), KOTOpbIe HE pasleseHbl CTaauel OTIOeIeHHUs
TBEPJOTO BELIECTBA, TAKOH KaK CTaqus (PUIbTPALUH, U KOJINIECTBO JOOABICHHBIX OCHOBAHUS
WA KUCJIOTHI Ha AoOaBJeHUe (My; Ual M, i, T i=1..X) OTIIUYAETCS TeM, UYTO X HEe PaBHIETCS
1, npennoYTUTENBHO X PABHSETCS 10 MEHbIIEH Mepe 2, MPEANOYTUTENBHO [0 MEHbIIEH Mepe

3, OpennoOYTUTENILHO O MEeHbLIEH Mepe 4.

14. Cnocod mo mobomy u3 mm. 1-13, roe z paeasiercs 2, HeoOpaOOTaHHBIN (HOKAZUT

OTHOCHUTCS K LEOJUTY Y C pa3sMepoM JJIEMEHTapHOW suelku B auamnasone ot 24,70 no
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24,50 A, a 06pabOTKy OCHOBaHHEM, BKJIIOUAIOLIYIO CTAAMH a), b) U C), BLIIONHSAIOT TOCTE

00paboTku KUCIOTOH, BKIroHaroweit cranuu d), e) u f).

15. Cnocob® mo mobomy u3 mm. 1-14, roe z paBHsiercss 2, HeoOpaOoraHHBIH (hokasuT
otHOocurcsa K neonuty USY ¢ pasmepom aneMeHTapHOH siueiiku B auamasone ot 24,375 no
24,300 A, a obpaborky KucaoTOH, BKmouaromyo cragud d), e) u f), BBINONHAIOT TOCye

00paboTKM OCHOBaHUEM, BKIIIOUAIOIIEH cTanuu a), b) u ¢).

16. Cmocob6 mo mobomy u3 mm. 1-13, rme z paBusercst 3, HeoOpaOoTaHHBIA (HOXKAZUT
OTHOCUTCSI K LEOJUTy Y C Pa3MepoOM 3JIEMEHTApHOW siueiiku B auamna3zoHe ot 24,70 nmo
24,50 A, a 06pabOTKy OCHOBAHMEM, BKIIOYAIOIIYIO CTAAMH a), b) M C), BBITONHSIOT Hepern
00paboTKOM KHCIOTOM M TOocie eme ONHOW 00pabOTKM KHCIOTOH, MpPH 3TOM Kakaas

o0OpaboTka KuCioTol BKirovaet craauu d), e) u f).

17. Cnocob mo mobdomy u3 mm. 1-14, roe ckopocTh H00aBIeHHUsT KOJUYECTBA OCHOBAHUS B
-1 -1
TeueHHe BPEMEHH COCTaBisieT He Oosiee 3,0 MMOJIB T *MHH. , MPEANOUYTHTENbHO He Oojee

-1 -1 -1 -1
1,0 MMOJIB'T **MHH. , TIPEATNIOYTHTENbHO He Oonee 0,5 MMONB'T ‘MHH. , W TZI€é CKOPOCTb

2

I[O6aBJ'IeHI/I${ KOJM4YeCTBa KHUCJIOTbI B  TCUCHUC BPEMCHU  COCTABJIIET HE Oouee

-1 -1
NPpEANOYTUTCIIBHO HE Oonee O,l MMOJIb'T "MHH. , OIPCANOYTHUTECIIBHO

He Gostee 0,01 MMOMIBb T MuH. .

-1 -1
1,0 MMOJIB'T *MHH.

2

18. Cmoco6 mo mobomy wu3 mm. 1-17, roe OCHOBaHHE HENPEPBIBHO IO0ABISIOT K
HEOPraHMYECKOMY MOPHUCTOMY TBEPIOMY BELIECTBY B T€UYEHUE MEPHOIA BpeMeHH At, mpudem
niepuon BpemeHu At st 100aBiieHuUs OOIEro KOJINYECTBA OCHOBAHUS My o6y, COCTABIISIET TIO
MeHbLIeH Mepe 15 ¢, ¥ r/ie KUCIIOTY HeNPEPBIBHO TOOABIIAIOT K HEOPIraHUYECKOMY TIOPHCTOMY
TBEPAOMY BELIECTBY B TEUEHHE MepuoAa BpeMeHH At, mpuueM nepuoa BpeMeHH At ams

no0aBieHus 00IIero KOJMUYECTBA KUCIOTHI My o4y, COCTABIISIET IO MEHbIIEH Mepe 15 MuH.

19. Cnocob mo moboMy U3 MPEABAYIINX CIIOCOOOB, MPU KOTOPOM OTHEJICHHE TBEPAOTO

BEIIECTBA OCYLIECTBIIAOT C MOMOLIBIO CTaAAUN (I)I/IJ'II:;TpaLII/II/I.

20. Cmocob no 1000My M3 MPEIbIAYIINX CIIOCOOO0B, MPU KOTOPOM MOIU(PUIIMPOBAHHBIN C
MIOMOIIBIO KHCJIOTBI M OCHOBAHMS LIEOJUT M3BJICKAIOT C IOMOINBI CTaJUU OTHCNICHHS

TBEPAOTO BEIIECTBA.
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21. OOpaboTaHHOE HEOPraHMYECKOe TMOPUCTOE TBEPAOE BEIIECTBO, MOJy4aeMoe C

HOMOIIBIO criocoba o mobomy u3 mm. 1-20.

22. lleonmut ¢ Tomonorueil (okasuTa, MOJYyUEHHBI B COOTBETCTBUU CO CIOCOOOM IO
mobomy u3 mm. 1-21, ¢ pasmMepoM 3JieMEHTAapHON sdeliku B auana3one ot 24,375 no
24,300 A, ¢ ob6vemom Mesomop mo MeHbmeir Mepe 0,30 Mu/T W omHOH MM Oonee u3

CJIEAYIOIIMX XapaKTEPUCTUK:

o -1
- KUCJIOTHOCTh bpeHcrena, cocrapsitomas 1no MeHblueid Mepe 450 MKMOJIb' T, U3MEPEHHAs C

MOMOLIbIO MUPHUANHA,

- KPUCTAJUIMYHOCTh, COCTABJISIOIIAsI MO MEHbIIel mMepe 75% OTHOCHUTENBHO CTaHIAPTHOTO
neonuta NaY u o MeHbineld Mepe 90% mo CpaBHEHUIO CO CTAHAAPTHBIM OOPa3lOM OKCHAA

amomunusi NIST (SRM 676).

23. Ueomut ¢ Tomosorued (orkas3ura, MOJYUEHHBIH B COOTBETCTBUU CO CIIOCOOOM TIO
nrobomy u3 L. 1-21, ¢ pa3MepoM 3IIeMEHTapHOM sueliku B auanasone ot 24,60 1o 24,40 A, ¢
00OBEMHBIM aTOMHBIM OTHOWIeHHeM Si/Al, mpeBbimarommM 7,5, ¢ 00BEMOM ME30MOop IO

menblIel Mepe 0,30 Mi/T 1 00BEMOM MUKPOIIOp O MeHblIel mepe 0,20 Mi/T.

24. TlpumeHeHHe B mpoleccax Karanusa, afcopOIMu WM HOHHOTO oOMeHa 0OpaboTaHHOTO

HEOPTraHMYECKOrO MOPUCTOTO TBEPAOTO BEIIECTBA MO JIFoOoMy U3 . 21-23.
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Kucaora mim ocnopanne Ilopucroe TBepaoe
BCIICCTBO
ma HJIN mb ms

JlobaBiieHHe, i lobGaBnenne,_

PacTBopuTenn O0paboTKa,

oUl'. 1
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