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Pa3BuTHE TPOMBIIIJIEHHBIX TEXHOJOTHI MPUBOAUT K HEYKIIOHHOMY
pacuupeHuto cep npuMeHeHUs: MPUPOIHBIX TITUHUCTBIX MUHEPAJIOB.
B wacTHOCTH, 3TO OTHOCUTCS K MUHEpaJlaM CMEKTUTOBOTO psijia, B TIep-
BYIO O4Yepe/ib K OEHTOHUTOBBIM IJTMHAM, Y KOTOPBIX OCHOBHBIM COEIMHE-
HUEM SIBJISIETCS MOHTMOPHILTOHUT. CocTaB ero Beipaxkaercs (popmynoit
(Al1,67Mgo33)[(OH)2S14010]Nag 33(H20),. MOHTMOPHUJUIOHAT — OJWH W3
pacnpoCTPAHEHHBIX MUHEPAJIOB B MOYBAX, SBJISETCS OCHOBHBIM KOM-
MOHEHTOM OEHTOHUTOBBIX TJIMH, BCTPEUYAETCS BO MHOTUX OCaJIOYHBIX
nopojaax. OH 00pa3yeTcs Npyu BHIBETPUBAHUM BYJIKAHUYECKUX MOPOJ —
Ty(OB, METUIOB, BYJIKAHUYECKOTO CTEeKJIa. B KauecTBe MPUMECHBIX KOM-
MMOHEHTOB BCTPEYAIOTCS KBAPII, MOJIEBBIC IIMAThI, KAIBIUT, PEAKO MTUPUT
¥ OPraHUYEeCKOE BEIIECTBO, a TAKXKE JIPYTHe IITUHUCTBIE MUHEPAJIbI — Ka-
OJIMHUT, WUINT, CMEUIAHOCIONHBIE TJIMHUCTBIE MUHEPAJIBI, PEXKE — XJI0-
PUT ¥ BEpPMHKYJIUT.

CMEKTUTBI IPEACTABIISIFOT COOOM TMAPATUPOBAHHBIEC ATFOMOCHITUKATHI,
COCTOSIIIIME U3 JIBYX TETPAIPUUECKUX U PACTION0KEHHON MEX Ty HUMU
OJTHOM OKTa’IpUYeCcKOl ceTKH, oOpasyromux cioit 2 / 1 (puc. I11).

brarogapst uzomMop(HbIM 3aMEIICHUSIM B COCTABE OKTAdAPUUECKUX
U TETPAIPUUECKUX CETOK (HOPMHUPYETCS OTPHUIIATENIbHBIN 3aps]l CIosl,
KOTOPBIN KOMIICHCHUPYETCSI MEKCITIOCBBIMU KaTHOHAMU M 00€CTIEUYNBAET
BBICOKHE COPOIIMOHHBIE CBOMCTBAa OEHTOHUTOBBIX TNIMH. J[JIsi MOHTMO-
PUJUIOHHUTA XapaKTepHa MPEUMYIIIECTBEHHAS JIOKAIMU3AIUs 3apsi/ia B CO-
CTaBE OKTAdIPUYECKUX CETOK, YTO MIPUBOJIUT K BHICOKOM COpOIIMU KaTH-
OHOB M OPraHUYECKUX KOMIIOHEHTOB.

[To xapakTepy OOMEHHBIX KATUOHOB B COCTaBE MEXKCIIOEBOI'0 KOM-
MJIeKCa MOHTMOPUJIJIOHUTA OCHTOHUTOBBIE TIIMHBI TIOJIPA3ICIIAIOTCS HA
HIEJI0YHbIE (HATPUEBBIC) U IIEIOYHO3EMEINIbHBIC (KalbIMi, MarHuii)
tunsbl. [1{enounsie 06HTOHUTHI 00J1a1a10T 00JI€€ BRICOKMMHU TEXHOJIOTH-
YECKMMH CBOICTBAMHU MO CPABHEHUIO CO LIETOYHO3EMEIbHBIMU B CBSI-
3M C TEM, YTO MOHBI IIEJIOUYHBIX METAJJIOB, B IEPBYIO OUEpPE/Ib HATPUIA,
UMEIOT 0oJiee BBICOKMM MOTEHIMAN rujipatanuu. B pesynbrare Haly-
xaHne Na-MOHTMOPWJNIOHUTOB 3HAYUTENBHO BhIlIe, yeM Ca-MOHTMO-
PUIIJIOHUTOB.
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doo1 = 1,5 um

OKucnopoa 6 I'uapoxcrn @ AIOMUHUI, XKeJIe30, MATHUIA
oe KpemHuii, MHOT]a aTFOMUHUN

Puc. I11. CtpykTypa cMeKTHTa

Ha cBoiicTBa OEHTOHMTOB OKA3bIBAET BIMSHUE U JTOKAIU3ALMS 3apsa.
Bricokue copOIIMOHHbBIE TOKA3aTENU U BBICOKasi HA0yXaeMOCTh CBSI3aHbI
C OTCYTCTBHEM 3apsi/ia B TETPASAPUUECKON CETKE, HAPOTHUB, MOSBICHUE
HEOOJBIION 10JIM TETPAdAPUUYECKOro 3apsia MPUBOJUT K YMEHBIIECHHUIO
COpOLIMOHHOM CLIOCOOHOCTH M CHUKEHUIO Ha0yxaHusl. B Toli e ctenenu
Ha cOpOLIMOHHBIE MOKA3aTENN BIMSIET U NIOKA3aTENb CPEIHEN BEIMUUHBI
3apsijia cjiosi — CHUYKEHUE COPOLIMOHHOM €MKOCTH NIPU YBEITUYEHUN WU
W3JIMILIHEM CHY)KEHUU BEJIMUYMHBI 3apsifia ciiosi. B pe3ynbprare cBsi3b MEXIy
NakeTaMM JIOCTaTOYHO cjiala, a TOJIIMHA MEXKCIOEBOT0 MPOCTPAHCTBA
BecbMa Benuka. [1oaToMy B Mexkcia0eBo€e MPOCTPaHCTBO CBOOOIHO MO-
T'YT BXOJIUTh PA3JIMYHbIE HOHBI, @ TAKXKE MOJIEKYJIbI BOAbI — IPOUCXOIUT
Ha0yXaHuEe MUHEpaIa.

Ha puc. 112, a— npeacraiaensl MUKpodoTOrpadui MOHTMOPUJI-
JIOHUTA Pa3IUYHBIX MECTOPOXAeHUU. OHU UMEIOT CIOUCTYIO CTPYK-
TYypy, HEKOTOpbIE€ OTIIMYMS B KOHGUTypauuu (parMeHToB, GopMupy-
IOIHX CJIIOH, 00YCIIOBJIE€HBI KOHKPETHBIMH YCIOBUSIMU (POPMUPOBAHUS
MUHEpPaJOB.
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Puc. I12. MukpodoTtorpagur MOHTMOPHIIJIOHUTA PA3ITUYHBIX MECTOPOXKIECHUM:
a — Ucnanus; 6 — Ackanckoro (I'py3us); 6 — o. Munoc (I'peuust);
2 — Tuxmenesckoro (0. Caxanus, Poccus)

VYka3aHHbIE 0COOEHHOCTH CTPYKTYPhl MOHTMOPUJUIOHUTA OTIPEIeIisi-
0T CrieIM(pUUECKre CBOMCTBA, TAKUE KaK CBS3YIOIAsl U COPOIMOHHAS CIO-
COOHOCTB, TEPMOCTOMKOCTH U Jp. Takum oOpazoM, 0EHTOHUTOBBIC TJIMHBI
UMEIOT BAXKHOE 3HAYEHHUE U PACCMATPUBAIOTCA KaK MEPCIEKTUBHOE U IITHU-
POKO HCTOJIb3YEMOE TPOMBIIUIEHHOE ChIpbe [ 1-3].

JIist perynmupoBaHus MEXaHUUYECKUX, aJICOPOITMOHHBIX, HOHOOOMEH-
HBIX U KaTaJTUTUICCKUX CBOMCTB TJIUH MUCTIOJB3YIOT PAa3IMYHBIC METOIBI
UX MOJu(pUKAIUY.

[TpumensieTcst ciocod XUMHUYECKON MO TM(DUKAITMH TIIUHBI, 3aKTF0Ya-
IOIIUHCS B 3aMEHE NOHOB KaJIBITHS M MarHUsl Ha MOHBI IMET0YHBIX METaJI-
7oB. Kak Ob1710 0OTMEUEHO BbIIIIE, [NIMHA, 000TallleHHAs HOHAMU HIEJIOUHBIX
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METaJlIoB, 00J1a/1a€T BEICOKOM CIIOCOOHOCTHIO K HA0YyXaHUIO, TJIACTUYHO-
CTBIO U CBA3YIOIIEH CIIOCOOHOCTHIO.

J1Jis mosTy4eHust Ha OCHOBE TJIMH aKTUBHBIX aJICOPOEHTOB M KaTallu-
3aTOPOB IIMPOKO MCTIOIB3YETCS METOJ KHCIOTHOM akTuBauuu. B mpo-
1[eCCE€ KUCIOTHOM aKTUBAIIMU U3MEHSETCS XUMUYECKUM COCTaB IJIMHBI,
MIPU 3TOM MPOUCXOJUT U3MEHEHUE €€ CTPYKTYPhI, COMPOBOKIAIOIIEECS
o0pa30BaHUEM JIOTIOJIHUTEILHON TOPUCTOCTH, YBEITMUCHUEM COPOITMOH-
HOro 00beMa U yJIeTbHOI MOBEPXHOCTH.

Pa3zpabotanbl MeTO/ b1 PU3HUECKOTO BO3JICHCTBHUS HA TIMHUCTHIE MU-
HepaJibl: TepMUYECcKast 00padoTKa, yJIbTPa3ByKOBOE, JIIEKTPOMAarHUTHOE
BO3JICHCTBUE, MEXaHOAKTUBAIIHSI.

B nacrosiiee Bpemst HauOosee 3(h(PEeKTUBHBIM U LIUPOKO MPUMEHS-
€MBIM METOJIOM SIBJISIETCSI MOAUGDUIIUPOBAHUE OEHTOHUTOBBIX TJIMH TOMO-
U TeTepOSACPHBIMU MOJUTUAPOKCOKOMITTIEKCAMU MeTaioB. B pabore
NpEACTaBICHbI PE3YJIbTATHI UCCIAEIOBAHUN (PU3UKO-XUMUYECKUX U aJI-
COpPOLIMOHHO-CTPYKTYPHBIX CBOMCTB OEHTOHUTOBBIX TJIMH, MOAU(DUIIPO-
BaHHBIX JTAHHBIM METOJIOM.

JInTeparypa
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I''TABA 1
OB BEMbI 1OBbIYN, XAPAKTEPUCTHUKN
MECTOPOKJEHUN U COPEPHI KICIIOJIb30BAHUA
BEHTOHHWTOBBIX I'NINH

Co==o9

Jlunamuka 10ObIYM OCHTOHMTOBBIX IJTMH B Poccuu m Ykpaune ¢
1990 o 1995 r. mpuMepHO OJMHAKOBA U JIa’Ke COTIOCTaBMMa 10 00be-
Mawm (puc. 1.1, 1.2) [1].

800
700
600

500

400

O0BeM T00BIYH, THIC. T/TON

300

200 . 1 . 1 . 1 L 1 . 1 . ]
1990 1995 2000 2005 2010 2015 2020

I'on

Puc. 1.1. lunamuka u3MeHEHUS 00BEMOB TOOBIYM OCHTOHUTOBEIX TJIMH
B Poccum 3a 1991-2018 rT.

OO0t cnia 100bIYM TIIMH 00YCIIOBIIEH OOIIMMHU TSHIACHIIUAMU (PYHK-
IMOHUPOBAHMS POMBIIIJIEHHOCTH HA MOCTCOBETCKOM MPOCTPAHCTBE B
nienoM. B 6onee mo3aumii nepuon (1996-2018 rr.) B chepe moObram 6eH-
TOHUTOBBIX TJIMH HAOIIOAAOTCS CyllleCTBeHHbIE paznuuus. Tak, ¢ 1996 no
2009 r. B Poccun noosBanock 350—700 TEIC. T, JaHHBIN MOKa3aTEIIb JJIS
VYxpaunsl coctaBnsieT 70-250 Toic. T. Haunnas ¢ 2010 r. B Poccun Habnro-
JTAETCsl yCTOMUMBAsI TEHICHIUS pOCTa JOOBIUM OEHTOHUTOBBIX IIKMH. Takas
cuTyaiys 00yclIOBJIeHa aKTUBHOM pa3pad0TKOM COOCTBEHHBIX Pa3BeIaHHBIX
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MECTOPOXK/IEHU C OJJHOBPEMEHHBIM CHI)KCHUEM 3aKYTIOK JaHHBIX MaTe-
puainos 3a pyoexxom. B To ke Bpems B Ykpaune HaurnHas ¢ 2013 r. mpo-
CJIE)KMBAETCs 3aMETHBIN crag o0bema 1006rau 10 100 Teic. T B 2018 1.
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Puc. 1.2. /lunaMuka u3MeHeHus: 00beMOB 100bIYM OEHTOHUTOBBIX TJIMH
B Ykpaune 3a 1991-2018 rr.

B benapycu Ha ceronHsIHUMN I€Hb Pa3BEJaHO OAHO MPOMBIIIICH-
HOE MECTOPOXKJIeHUE OEHTOHUTOBBIX TTUH «OcTposkanckoey (Jlempumnil-
KWl pETHOH) ¢ 3armacamu 12,3 MIIH T, KOTOPBIE MOTYT SIBIIITbCSI CHIPHEBOM
0a30i1 mpon3BoicTBa (POPMOBOYHBIX MATEPUAIIOB JJIsI HYKJI JINTCHHOTO
MIPOU3BO/ICTBA, H3TOTOBJICHHSI TIIMHOMIOPOIIKOB 7151 OypOBBIX paCTBOPOB
U TUAPOU3OJISIIIMOHHBIX MATEPHUAIIOB.

B nanbHelieM ObUTH pacCMOTPEHBI XapaKTEPUCTUKU HauOoJiee mpu-
MEHHUMBIX OEHTOHUTOBBIX TJIMH Pa3HBIX MECTOPOKaAeHui (Tadmn. 1.1) [2].

BeHTOHUTOBBIE ITTMHBI MECTOPOKIEHUN, CBOUCTBA KOTOPBIX MPEACTAB-
neHsl B Ta0m. 1.1, — ogHM U3 HanboJiee BBICOKOKaYeCTBEHHBIX. briarogapst
CBOMCTBaM MOHTMOPWIJIOHUTA — OCHOBHOT'O TIOPO1000pa3yIoIIero MuHe-
paia, GEHTOHHUTHI JAHHBIX MECTOPOKICHHUM IIMPOKO UCTIONIB3YIOTCS B TPa-
JUIUOHHBIX OTPACISX MPOMBIIIIEHHOCTH. TaKkXe €CTh BO3MOXHOCTb pac-
HIMPUTH ACCOPTUMEHT BBIITYCKAEMOU MPOAYKIMHU U HAYaTh POU3BOJICTBO
MHHOBALIMOHHBIX MPOAYKTOB: B KAUE€CTBE KOMIIOHEHTA ISl TPOU3BOACTBA
KaTaJTM3aTOPOB KPEKUHTa HeTH U [T (PapMarieBTHUECKOTO TIPOM3BOICTBA.
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Tabnuna 1.1
CpaBHUTe/IbHbIE XaPAKTEPUCTHUKHA 0€HTOHMTOBBIX IJIMH
Pa3JIM4YHbIX MECTOPOKACHUI
CopepxaHue TTMHUCTBIX MUHEPAJIOB, %
MecropoxaeHue
MOHTMOPHWIJIOHUT | TUAPOCITIONA | KAOTUHUT
bentoHUTHI
1. Bepxue-Hypnatckoe (Poccust) 60-70 5-15 5-10
2. Tapu-Bapckoe (Poccust) 60-70 5-15 5-10
3. bepesorckoe (Poccus) 60-70 5-15 5-10
4. buxnsackoe (Poccust) 60-70 9-17 7-30
5. Mecropoxaenue o. Munoc (I'perust) 84-93 1-6 5-10
6. am-Canaxmunackoe (AzepOaiimpkan) 80-90 5-10 6—12
7. Tuxmenenckoe 0. Caxamus (Poccus) 75-90 1-8 5-10
8. «Ilonsana» benropoackoit o0iaacTu
(Poccus) 75-85 1-6 5-8
9. Ackanckoe (I'py3us) 87-95 1-3 3-8
BeHTOHUTOO100HbIE TTIMHBI

10. bextepenckoe (Poccus) ~50 ~15 ~11
11. bonwsme-ATtsiackoe (Poccus) <60 10-17 5-10
12. YOkonunckoe (Poccust) <60 10-17 5-10
13. Anacrosckoe (Poccust) <50 20-30 10-20
14. TaBnunckoe (Poccus) <50 20-30 10-20

OaHUMH U3 BBICOKOKAQYECTBEHHBIX HATPUEBBIX OCHTOHUTOB SIBJISI-
10TCst MecToposkieHust 0. Munoc (I'penust) u lam-Canaxnunckoe (Azep-

Oanmxkan) [3].

XHUMHUYECKUI COCTaB OEHTOHUTOBBIX MNIMH ACKaHCKOTO MECTOPOXK-
nenust (I'py3us) 1 pa3nU4YHBIX MECTOPOXKIeHU Poccun mpeacTaBieH B

tabm 1.2 u 1.3.

Tabn. 1.2

XnuMHUYeCKHEe KOMIIOHEHThI 0EHTOHUTOB ACKAHCKOT0 MeCTOPOXKAeHus [4]

XUMHUYECKHN COCTaB
OCHTOHUTOBBIX TJIHH,

Kapsep Luxuc-Y6anu

Kapsep
Bannc-Kean

mac. % acKaHIellb | aCKaHIVIMHA | acKaHreab | | acKaHIVIMHA
Si02 54,20 51,40 59,50 53,14
AlO3 17,12 16,86 18,60 18,00
Fe203 3,95 3,29 3,50 4,61
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Oxonuanue Tadm. 1.2

% Kapnbe
A Kaprep Lixite-Y Garn Basme.Kezs
mac. % acKaHrellb | acKaHTJIMHA | ackaHredb | | acKaHTIWHA
FeO 1,00 1,00 H/TT 1,08
TiO2 0,33 0,25 0,40 0,40
MnO 0,06 0,04 H/1 0,25
CaO 1,50 2,00 2,30 4,55
MgO 3,98 4,71 4,50 4,65
Na20 2,80 0,65 2,40 1,15
K20 2,00 0,50 1,30 2,80
SOs 0,17 0,16 0,18 0,96
Tabmuma 1.3
XuMuYeCKuii cocTaB 0EHTOHMTOBBIX IVIHH
pa3Iu4HbIX MecTopo:kaeHuil Poccuu [5, 6]
. MectopoxaeHus
A ecKii Munne- | Tapacos-

COCTaB Huxonbckoe Uepnomopckoe | [ eprnerexxckoe
OEHTOHUTOBBIX| (BopoHex- POBCKO® cKoe (Kpacnonapckwii| (Kabapannao-
TJIMH, Mac. % | ckas 00i1.) (Pocros- | (PocTos- Kpaif) Bamkapus)
ckas 00:1.) [ckast 001.)

SiO2 67,70 62,06 65,50 59,54 68,00
Al203 14,56 18,26 13,74 17,09 14,90
CaO 0,65 2,08 3,05 2,59 2,56
MgO 1,42 2,50 1,94 0,94 1,36
Fe20s 4,83 9,38 6,01 7,89 5,70
Na20 + K20 2,56 1,04 1,72 2,50 3,13
SOﬁ_ 0,74 2,06 0,60 2,06 0,56

BbentoHuTh 0. MUJIOC KCIONIB3YIOT J1J1s1 U3TOTOBJIEHUS! OYPOBBIX PaCT-
BOPOB Ha BCe BUIbI OypeHUs, a PU3NKO-MEXaHNUECKUE CBOMCTBA JAHHOTO
OCHTOHHTA MO3BOJISIOT IPUMEHSTH €0 B (JOPMOBOYHOM JIE€JI€ U TIPH MPO-
M3BOJICTBE KEJIE30PYAHBIX OKATHIIIECH.

Bricokoe kauecTBo 6enToHUTa Jlanm-CanaxanHCKOro MECTOPOKIe-
HUS ONPENEAETCS COACPHKAHUEM LIETOYHOIO MOHTMOPUIJIOHUTA OT 75

110 85%.

B 2011-2012 rr. B cBsI3U ¢ HEOOXOIUMOCTBIO TTOJTYyUYEHHUS OPTraHoO-
[JIMH U3 HATPUEBOT'0 OEHTOHUTA OTE€YECTBEHHOT'O MECTOPOKIACHUS JJIsT
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MPOU3BOJICTBA HAHOKOMIIO3UTOB BCTaja OCTpasi HEOOXOIUMOCTh B TIO-
MCKE MECTOPOXKICHUI HATPUEBOT0 OEHTOHUTA BHICOKOTO KauecTBa. C 3Toit
uenwto uccnenorarenu MI'EM PAH nox pykoBoacteom B. B. Hacenkuna
JETAIbHO M3y4rJId TUXMEHEBCKOE MECTOPOXKICHHE OeHTOHUTA 0. CaxaliH.

[To cocTaBy OOMEHHBIX KATUOHOB MOHTMOPUJIJIOHUT OTHOCUTCS K
niesiouHoMy tumy. [lokazaTens BI3KOCTH B CpETHEM BapbUPYET OT 35 110
60—80 cantumnyas npu 600°C. [Ipeaen npoUHOCTH MPU CKATUU BO BIIAXK-
HOM COCTOSIHMHU COCTABIISIET HE MEHee | Kre/cM?, a MPOYHOCTH Ha pa3phiB —
6osee 30 r/cM?, 4TO CBUAETENLCTBYET O BHICOKOM KadeCTBE OEHTOHUTA
JUIS1 TIOJTy4eHUsI (POPMOBOUHBIX CMECEH.

[Tociie XuMUYECKOM aKTUBAITH IIEJIOYHBIX PA3HOBUAHOCTEN OEHTO-
HUTa MOKa3aTelb BA3KOCTU Bo3pactaeT 10 60 u 6onee 100 canTumyason
(600°C). IlpoBenenusie ucciienoBaHus GU3NKO-MEXaHUUECKUX CBONCTB
MIPOJIEMOHCTPUPOBAIIN, YTO TIOKA3ATEIH MPEEIa IPOUYHOCTH TP CKATUU
BO BJI&)KHOM COCTOSIHUM JOCTUTaroT 1,05 Kre/cM?, TEpMOYCTOWYUBOCTD —
80 exn. Takue naHHbBIE CBUIETENIBCTBYIOT O TOM, UTO OEHTOHUT THUXMEHEB-
CKOT'0O MECTOPOXKICHUSI MOXKET SIBJISITHCSI ChIPhEM BBICOUYAMIIIETO KJlacca
B (h)OPMOBOYHOM TPOU3BOJICTBE, a TAKIKE MPUMEHSATHCS ISl TPOU3BOJI-
CTBa BBICOKOMAPOYHBIX OYyPOBBIX TNIMHOMOPOIIKOB; BHICOKOKAYECTBEH-
HBIM OTHOCHUTEJIbHO KPYITHOIIOPUCTHIM aJCOPOIITMOHHBIM CHIPEM, TTPU-
TOHBIM JUIsI OYMCTKH MOJCOTHEYHOT0 Maciia v MPOAYKIIMH MaclIOKUPOBOM
MPOMBIILJIEHHOCTH.

B Ta6:. 1.4 npeacraBneHbl pe3yabTaThl aHAIN3a 10J€H IPUMEHEHUS
OCHTOHUTOBBIX I'JTMH B Pa3IMUHBIX obJjacTsx [7, 8].

Ecnu paccmarpuBarh CTpyKTYpy UCTIONB30BaHMSI OCHTOHUTOBBIX TJTMH
B PecniyOnuke benapych, TO BUHBI CYIIIECTBEHHBIE OTJIMYHS B TPOIICHT-
HOM COOTHOILIEHUU 110 cpaBHEHMUIO ¢ Poccuelt u YKpanHou.

Tak, eciii cpaBHUBATh, K IPUMEPY, Takue chepbl, KaK MAITUHOCTPO-
€HHE U Ta30He(PTEXUMUIO, TO 3aMETHO, uTO B Pecrybnnke benapych B ma-
HIMHOCTPOCHUHM OCHTOHUTOBBIX IIMH HCHONb3yeTcs B 1,3 pasza 6ombiie,
yeM B cpefiHeM B Poccun u YkpaunHe, B TO e BpeMsl ra3oHepTexumMus B
Pecniy6nuke benapych norpebisier 6enTonuta B 1,2—1,4 paza MeHsIIe.
JlaHHOE 00CTOSATEIHLCTBO CBSA3AHO TUIABHBIM 00Pa30M CO crieruuIecKoi
CTPYKTYpPOU TPOMBIIIUICHHOCTH PECITYOINKH, a TAKXKE ¢ 00Jiee HU3KUMU
o0beMamu NoTpeOIEHHUS, YTO B CBOIO OUYEPEb CBSA3aHO C OTCYTCTBUEM B
benapycu coOCTBEHHBIX MECTOPOKICHUM, COAECPKAINUX B COCTABE MOHT-
MOPHWJLTIOHUT B KOJIMYECTBAX, JACJIAIOIINX MPOU3BOICTBA PEHTA0ETLHBIMU
MIPU UCTIOJB30BaHUU B ra30HEPTEXUMUYECKOMN, TEKCTUILHOM U TOPHO/I0-
OBIBAIOIECH MPOMBIIIICHHOCTH.
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Tabnuna 1.4
Josst HCIIO/1b30BAHNSA 0EHTOHUTOBBIX IVIMH B PAa3JIMYHBIX 00J1aCTAX
Hous, %
Ortpacib
Poccus benapycs | Ykpauna

1. MamuHocTpoeHue 34 46 37,8
2. l'azonedrexumus 33 24 26,6
3. F'opHOIOOBIBArOIIAS TPOMBIIILICHHOCTh 11 17 11,6
4. CTpoUTENnbCTBO 10 7 8,1
5. TexcTuiibHas POMBIILITIEHHOCTD 5 3 3,7
6. Bomomoaroroska 4 3 4.9
7. I1nieBast IpOMBIIIIIEHHOCTh 2 4 4,5
8. SlnepHasi sHEpreTUKa 1 2 2,8

Janee Hamu OoJiee AeTanbHO OBUIM pACCMOTPEHBI HAMPABJICHUS IPH-
MEHEHHUSI OEHTOHUTOBBIX TJIUH B Pa3JIUYHBIX OTPACIAX MPOU3BOJICTBA.
[To MHEHHIO Pa3TUYHBIX aBTOPOB, KOTOPBIE UCTIOJIB3YIOT B OOIIEM U I1ie-
JIOM CXO0’KHU€ KPUTEPUH OLICHKHU chep MpUMEHEeHUs] OEHTOHUTOBBIX TJIUH,
ux yncio konebsercs ot 180 mo 205. B tabdn. 1.5 npencrapieHsr Hanbo-
Jiee pacipoCTPaHEHHBIEC MPOIECCHl U TMOoJlydaeMble MaTepraibl Ha 0asze
OCHTOHUTOBBIX I'JIMH M €r0 OCHOBHOW KpHCTaJLiorpadgudeckoi (asbr —
MOHTMOPHJUIOHHTA.

Ta6nwuma 1.5
Hanbou1ee pacnpocTpaHeHHbIe NPOLECCHI U NMOJYy4YaeMble MATEPUAJIBI
HA OCHOBE OEHTOHMTOBBIX IVIMH U MOHTMOPWIJIOHUTA [9]

Otpacnb ITponece

1. MammHocTpoeHue [TonyuyeHue necyaHoO-TIAMHUCTBIX HopM

N3roroBieHue cTep:KHEN

ITpon3BOACTBO KeENE30PYyIHBIX OKATHIIIEH

2. T'opHOMOOKIBaroIIast MPOMBIILICHHOCTH [ [pOU3BOACTBO OYPOBBIX TITMHOTIOPOIIIKOB

3. CtpoutenscTBO ITosmyueHne BCTIEHEHHBIX CTPOUTENBHBIX Ma-
TEepHUaIOB
ITpon3BoaCTBO BOAOHEPOHUIIAEMBIX OETOHOB

4. KocMmeromorus [Tomyuenue macok, ckpaboB, TeHEH

5. MenuuuHa @unbTpanus CycreH3ui 1 pU3n0I0rHuecKux
pacTBOpPOB

JleueOHbBIE BaHHBI

6. TexcTuibHas IPOMBIIIIEHHOCTh  |OYMCTKA CTOYHBIX BOJ OT Kpacurenei
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Otpacinb ITpouecc

7. I1nieBast IpOMBIIIIIEHHOCTh Ouncrtka Macen

OuncTka BUHOMaTepuana

8. Hz[epHaﬂ SHEPICTUKA HOIIYIJ_IKI/I TUAPOU3OJIINNU XPAaHUIIUIIL KU -
KHUX paAHuOaKTUBHBIX OTXOI0B

CopOunoHHbIE MaTepUaJIbI

TepModukcanys JOATOKUBYIIUX PAAUON30-
TOTIOB

9. I'azoHedrexumus Ouncrka He(PTAHBIX JUCTUIUISATOB

Co3znanme KaTaan3aTopoB

KOMITOHCHTOB KaTaJIN3aTOPOB

HOCHUTEJIEH aKTUBHBIX KaTaJIMTHYECKHX (1)&3

COpPOLIMOHHBIX MaTEpUAJIOB PA3JIMYHOIO Ha-
3HAYEeHUs JUIsl YAJICHUS 3arpSI3HEHUN U3 BOJI-
HBIX OOBEKTOB M OTXOMSAIINX ra30B

B mawunocmpoumenvHom komniekce TPaKTUYECKU HA KXKIOM KOH-
KPETHOM MPEANPUITHH JIUTEHHOE MPOU3BOICTBO UMEET CBOM OCOOEHHO-
CTH amnmaparypHoro o) OpMIICHHSI OCHOBHBIX 1 BCTIOMOTaTEIbHBIX MPOIIEC-
COB, UCIIOJIH3YEMBIX MAaTEPHAJIOB, B YACTHOCTH CIIOCOOOB MPOU3BO/ICTBA
MECYaHO-TJIMHUCTHIX (JOPM MO MOKPOMY HIJIM CYXOMY METOJY.

B ¢opmbl, U3rOTOBIIEHHBIE 110 CHIPOMY METO/TY, JIBIOT TJIaBHBIM 00-
pa3oM HEOOJBIINE U MPEUMYIIIECTBEHHO TOHKOCTEHHBIE JIETaH JJIsl Mac-
COBOI'0 TPOU3BOJCTBA OT KMJIOTPAMMOB JI0 COT€H KWUJIOIPAMMOB U MPH
MPOU3BOJIUTEIIBHOCTH HECKOJIBKO COT (hOpM 3a CMEHY (aBTOMOOUIBLHOE
authe). [Ipu ucnoap30BaHUM BRICOKOKAUYE€CTBEHHBIX (DOPMOBOYHBIX Ma-
TEpPHUAJIOB B CHIPHIX (POPMAX MOXKHO OTJIMBATH JJOCTATOYHO KPYITHBIC J1€-
Tanu: yyryHHbie Maccoit 10 1500 kr u cranbabie — 10 800 kr. YacTo ass
ATOTO MPUMEHSIOT TEXHOJIOTUU (POPMOBKHM HAa OPraHUYECKUX WIIH JKUTKO-
CTEKOJIbHBIX CBSA3YIOIIHX.

3a nmocnenuue aBa AecsatuieTus B EBporie orpoMHOe BHUMaHUE OBLIO
YAEJIEHO TEXHOJIOTUH MTPOU3BOJICTBA OTIMBOK B CHIPHIX MECYAHO-TIINHU-
CTBIX (hopMax, YTO MPHUBEIIO K 3HAYUTEILHOMY COBEPIIICHCTBOBAHHUIO POP-
MOBOYHOTO 000pYyJOBaHUs, a TAK:KE METOJIOB YIJIOTHEHUS (POPMOBOU-
HOU cMecHu. B pe3ynbrare cTasio BO3MOXKHBIM U B MECYAHO-TITMHUCTHIX
dbopmax npou3BOIUTH OTJIIMBKM T€OMETPUUECKU TOUHbBIE, CJI0KHOW KOH-
¢urypanuu. CoBeplIeHCTBOBAaHUE METOIOB U3TOTOBJIEHUSI MOJIENEN OT-
KPBLJIO HOBBIE BO3MOXKHOCTH UX MPOEKTUPOBAHUS U MPOU3BOACTBA. Bee
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3TU (akTOpbl 00ECTICUHIIN BO3MOXKHOCThH ITPOU3BOJICTBA B MIECYAHO-TJIU-
HUCTHIX (OpMaxX OTIUBOK MHOTO(DYHKIIMOHAILHOTO HA3HAYEHUS, B KOH-
CTPYKLMSAX KOTOPBIX PUCYTCTBYIOT OUE€Hb TOHKHE CTEHKU. B pe3ynbrare
TaKMX U3MEHEHHUI BO3POCIIU U TPeOOBaHMs, IPEeAbABIsIEMbIe K (hOPMO-
BOYHOU CMECH.

Ha OonblIMHCTBE TUTEMHBIX NPEANPUITHI B CMECEPUTOTOBUTEIb-
HBIX II€XaX OTCYTCTBYET anmnaparypa aBTOMaTUYE€CKOr0 KOHTPOJISI TAKAX
MOKa3aTesel, Kak BIAXKHOCTh M HAChITHOM Bec cMmecu. ['openas 3emuist
MOACTCS ¢ BBICOKOM M HE BCETJIa OJTHOM U TOH ke TeMrieparypoit (000-
pPOTHAasi CMECh JIOJKHA OBITh MpeaBapUTesIbHO oxuaxaeHa 10 10-25°C,
MOCKOJIBKY TOJIBKO 32 CYET TOT0 MOKHO MOJHSITH MPOYHOCTh Ha 20—25%
MIPU IPOYMX PABHBIX YCIOBHUSIX ), 8 KAUECTBO NEPEMEIIIMBAHUS OCTABIIS-
€T JKeJIaTh Jy4lero. bes peuenus 3Tux BONPOCOB UCITOJIb30BAHUE BbI-
COKOKaYeCTBEHHBIX OCHTOHUTOBBIX CBSI3YIOIIUX HE AACT JOJIKHOTO pe-
3yJbTara.

['maBHOE MPEUMYIIECTBO CHIPOH POPMOBKH 3aKIIFOUAETCS B TOM, YTO
MIpU €€ MPUMEHEHUN COKPAIlAeTCsl TPOU3BOICTBEHHBIN IIUKII, TAK KaK B
ATOM CiIy4ae He Hy>kHa cyika. Cpa3sy ke nocie BbIOMBKU (POPMOBOUHAS
CMECH IMOJIBEPTAECTCSA PErE€HEPALIMU U TOCTYIIA€T CHOBA B CUCTEMY CMECE-
NpUroToBiieHUs. TakuM 00pa3oM, TEXHOJIOTHUSI TUThS B ChIPbIC TECUYAHO-
TJIMHUCTBIE (POPMBI OOJIEE MPEATIOUTUTENHLHA JIJIs1 MACCOBOTO IMPOU3BO/ICTBA.

[ToBbIlIIeHNE KauecTBa OTIUBOK B CHIPBIX (hOpMax MOKET ObITh J0-
CTUTHYTO BBEJCHUEM CHEHHAIBHBIX JI00aBOK, PETYJIUPYIOMINX T€ WU
WHBIE CBOMCTBA CMECH, KOTOPhIE MOTYT ObITh KJIaCCU(UIIMPOBAHBI CJie-
JTYIOIIMM 00pa3oMm:

 AHTUIIPUTAPHBIE;

e IPOTUBOYCA/I0YHBIC;

o yIIy4Iiaronuye popMyeMocTb, YIJIOTHIEMOCTb, TEKYyUeCTh;

o CTAOWITM3HUPYIOIIME BIAKHOCTH (POPMOBOUYHOM CMECH.

Haunbonee pacmpocTpaHeHHON aHTUIIPUTAPHON TO0ABKOW ISl dy-
TYHHOTO JIUThSI CAUTAETCS MOJIOTHIN KaMEHHBIN yroiib. JloOaBku KameH-
HOYTOJILHOTO TIOPOIIKa B (POPMOBOYHYIO CMECH MO3BOJISIOT MOJTYUUTh
OTJIMBKU C YUCTOM, 0€3 XUMUYECKOTO MpUrapa, Ka4eCTBEHHOU MOBEPX-
HOCTBI0. VX fieficTBHEe OCHOBaHO Ha Pa3JiOKEHUHU KaMEHHOTO yIJist, o0Opa-
30BaHNUH BOCCTAHOBUTEIIBHBIX YIIIEBOIOPOAHBIX Ta30B, IPHU PA3I0KECHUN
KOTOPBIX 00pa3yeTcs MUPOJIUTHUECKUN (OJECTAIINIM) YTIAepO I, KOTOPbIH
HE CMAYMBAaETCs PacIuIaBICHHBIM MeTaIOM. OH MOKPBIBAET TOHKUM CJIO-
€M MOBEPXHOCTh 3€PEH MECKa, U30JIUPYs (POpMy OT OTIMBKU. MOJOTHIN
yTOJIb BBOJUTCS B JOPMOBOYHYIO CMECH B KOJIMUECTBE, 3aBUCAILIEM OT €T0
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CIIOCOOHOCTHU BBIJIENATH OJIECTSIIHMN YTIIEPO/, a TAKXKE OT TOJIIUHBI CTE-
HOK OTJIMBOK M UX MAcCCHI.

Jl1st 60pbOBI ¢ ycagKkaMu B CMECh OOBIYHO BBOJASTCS J00aBKHU JIpe-
BECHOI MyKku 1 MonupuimpoBanHoro kpaxmaina. B CILIA naubonee pac-
MPOCTPAHEHHBIM CITOCOOOM OOPHOBI C ycalKaMu SBIISIETCS TTOBBIIICHHE
COJIep’KaHUsI HATPUEBOTO OEHTOHHUTA B cMech. CBECTH K MUHUMYMY PUCK
oOpa3oBaHUs yCaJ0K MOXHO MyTeM Moa00pa ONTUMAJIBLHOTO PEXHUMA
aKTUBAIUU KaJbIIMEBOTO OCHTOHUTA COJION, a TAK¥kKE MOJ00POM KaMEH-
HOTO YIJIS C ONPEAEIEHHON TEMIIEPATYPOU pa3sMATYEHHUs.

s ynyumenus: popmMoBaHUsi cMecH B €€ cocTaB BBOAAT [TABBEI.
DTO MO3BOJIAET COKPATUTh Pacxo]l OEHTOHUTA, BpeMs MepeMeIINBaHUS
cMmecH, Opak (opM 1 OTIIMBOK, MOBBIIIAET KAYECTBO MOBEPXHOCTH OTIUBOK.

Jljis cTabunm3anuy BIaKHOCTH Ha aBTOMAaTUYECKUX (hOPMOBOYHBIX
JUHUSX B CMECH BBOAAT B KonmdectBe 110 0,5% MoauduiimpoBaHHOTO
KpaxMajia. 9TO MO3BOJISET TAKXKE YIYUIIUTh OTIEYaTOK MO, TTOBbI-
CUTh MPOYHOCTh CMECHU MPHU CHKATUHU, MPOYHOCTH B 30HE KOHACHCAIIUU
BJIary, MPEIOXPAaHUTh KPOMKH OT YChIXaHUS, @ TAKXKE yITydIIacT BEIOUBKY
OTJIMBOK U3 (POPM.

Takum oOpaszom, sl MOJy4YeHUs] Ka4eCTBEHHOW (POpMBI HYKHO
cbaancupoBaTh cocTaB (HPOPMOBOUYHOM CMECH MyTEM BBOJIa KOPPEKTHU-
pyIOIMKX 100aBOK C YU€TOM OCOOCHHOCTEH MPUMEHSIEMOTr0 OEHTOHUTA
U TMecKa. DTO 3a4acTyl0 HEBO3MOKHO B YCIIOBHSIX CMECENPUTOTOBIIE-
HUA B TUTEHHBIX 1exax. [loatomy B EBporne 115t ChIpbIX MecuYaHo-TIIH-
HUCTBIX (OPM YK€ JAaBHO HCIIOIB3YIOT KOMIUIEKCHBIE CBA3YIOIIME HA
OCHOBE OEHTOHHMTA, B COCTaB KOTOPBIX HEOOXOAHMMbIE TOOABKH BBO-
JATCSl HE HEMOCPEICTBEHHO B MPOIIECCE MPUTOTOBIICHUSI cMecH B (pop-
MOBOYHOM II€X€, a IEHTPAIU30BaHHO B MPOIECCE MPOU3BOICTBA OCH-
TOIOPOIIIKA HA CIEIUaTU3UPOBAHHOM NpeAnpusiThu. X npumeHenune
CHIDKAET YIENbHBIM pacxoj]; (OPMOBOYHBIX MaTepUalioB, 0OeCIeUn-
BaeT CTaOMJIbHBIE CBOMCTBA CMECH, HEOOXOUMBIE JIJIsl paOOThI aBTOMA-
TUYECKUX JIUHUM.

[1o JaHHBIM MAPKETUHTOBBIX UCCIIEOBAHMIA, IPOBEAECHHBIX (PUPMOI
IKO Minerals GmbH, osist muThs1, mOy4aeMoro ¢ UCIoJIb30BaHUEM MOK-
pbix Gopm, coctasisier: B SAnonuu — 40%, ['epmanuu — 40, Aurmuu — 39,
Opanunu — 39%.

JlenaeM BBIBOJI, UTO Chipoe (P OPMOBAHUE HE MOXKET 3aMEHUTD I10JI-
HOCTBIO cyxoe. K npumepy, IMThe CTIIIaBOB, YBEIHMUYUBAIOIIUXCS B 00b-
eMe, TP KPUCTAITU3AIUHN TPEOyeT )KECTKOCTH (POPMBI, KOTOPYIO HE MO-
XKeT 00ecneynTh BllaxkHas popma.
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B TexHon0rnu necyaHo-rauHUCTBIX PopM 0c000€ 3HAUCHUE UMEIOT
TPHU B3aMMOCBSI3aHHBIX MOKa3aressi (POPMOBOYHBIX CMECEH: TPOYHOCTh
BO BJI&KHOM COCTOSTHUH, Fa30ITPOHUIIAEMOCTD U BIIAXKHOCTh. Hemnb3st mo-
BBICUTH MPOYHOCTH (DOPMBI 32 CUET YBEIUUCHUS TIIMHOCOAEPKaHUSI, TaK
KaK [P 3TOM PE3KO CHHU3STCS Ta30MPOHUIIAEMOCTh U BIKHOCTH (DOPMBHI,
YTO MPUBEACT K 00pa30BaHUIO Ta30BbIX pakoBHUH. [ToaTOMY cTpeMsTcs k
MCIIOJIb30BAHHIO BRICOKOKAYECTBEHHBIX OCHTOHUTOBBIX TJIMH, 00eceyn-
BAIOMIUX TPeOYyEMYIO MPOYHOCTH MPU MUHUMATLHOM KOJIMYECTBE TJIUHBI.

JIJist ChIpBIX MECYaHO-TJIIMHUCTBIX (OPM IKOHOMHUYECKH Haunbosee
3 PEKTUBHBIM CBSI3YIOIIUM U TEPMOIMPOTEKTOPHBIM MAaTEPUATIOM SIBJISI-
€TCsl OCHTOHMUT.

Pacxon OeHTOHMTA HA U3rOTOBJIEHUE | T OTIMBOK U3 UyryHa B Ha-
crosiiee BpeMs coctapisieT 60-90 kr, a ctanbHbIx — 90—120 k.

B CCCP o06mmii 00peM ucnoiibzoBanus 0earonura B 1960 r. co-
cTaBJsu1 Bcero okojio 1000 T ¥ OH MCIOTb30BaJICS TJIABHBIM 00pa3oM J1is
MPOTUBOIIPUTAPHBIX MOKPHITUN, HO yxke B 1982 r. ero morpebieHue B
JUTEHHOM MPOU3BOACTBE MpeBbIcKIO 370 ThIC. T.

[Ipu U3roTOBIIEHUHN OTJIIMBOK 3HAYUTEIBHOU BBICOTHI WIIM CIIOKHOU
KOH(UTypalnu, ¢ BEICTYAIOIMIUMHE YaCTSMHU ChIpas (popma He B COCTOSI-
HUU MIPOTUBOCTOSITH JABJICHUIO OOJIBIIION MACChl 3aJIMBAEMOT0 METAJLIA.
B sToM ciydae mpuMEHSIIOT cyxue necyaHo-TIIMHUCThIE (hopMmbl. Heoo-
XOJIUMOCTb CYIIIKH JJIsl TOBBIIICHUS POYHOCTU (POPMBI IPUBOJIUT K CHU-
YKEHUIO TTPOU3BOIUTEILHOCTH TUTEHHOTO YUaCTKA U YIOPOKAHUIO JIUThS
3a cuet AToro (pakropa.

Kak nokaszano B pabote [10], cyxas ¢opMOBKa B CPaBHEHUU C Chl-
poii obecnieunBaeT ropaszio 00yiee BEICOKYIO MPOYHOCTH ()OPMBI, HO B TO
Ke BpeMs 00J1a7aeT PSIAOM CYIIECTBEHHBIX HEA0CTaTKOB (Tadm. 1.6).

Tabmnuua 1.6
XapakTepucTHKH METO/1a CyXOro N3roTOBJIEHUSI NMEeCYAHO-TITHHUCTBIX (hopM

JloctonHcTBa Henocrarku

1. Bonee BricOKOE conepkaHue TUHBI  |Perenepariust oTpabOTaHHOM CMECH Tpe-
OyeT OOJBIIUX 3aTpaT M JOTOJHUTEb-
HOT'O M3MEJIbYAIOIEero 000pyA0BaHus B
CpaBHEHHUH C MOKPOii (HOPMOBKOH

2. I'mrHa BBOOUTCA B CMECH, KaK IPaBUIIo,|bosee IIuTenbHbINA UK MPOU3BOJACTBA
B BUJIE CYCIICH3UH 13-32 HEOOXOIUMOCTH CYIIKH

3. Ucnonwiyetcs Oonee kKpynHbIi mecok |CIOKHOCTb, a TOPOH U HEBO3ZMOKHOCTh
MeXaHM3allu1 Ipolecca
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JoctonHcTBa Henocrarku

4. [IpotuBonpurapusie J00OaBKM He BBO- BbicOKas TPyJ0EMKOCTH YIJIOTHEHUS U
JSITCS B CMECh, @ HAHOCUTCSI TPOTUBOIIPH-|M3TOTOBJIECHUS (OPMBI
rapHasi Kpacka Ha MOJICYIICHHYIO (Gopmy

5. O6ecneunBaet ropaszo 6onee BoIcOKyro|bosee Hu3Kas pa3mepHasi TOUHOCTh BBUTY
MPOYHOCTH (hOPMBI ycanok (hOpMBI IPH CYIITKE

B ctpanax CHI' niis HyKJ1 IMTEMHOTO IMTPOU3BOJICTBA B HACTOSILIIEE
BpeMsi oTpedsieTcss 0koio 35% BCEro MCMOIb3YyEMOIo B HUX OEHTO-
HUTA, Toraa kak B EBpone 3ToT noka3zarens cocrasisiet 6omuee 50%. Oc-
HOBHAsl 4acTh OEHTOHHUTA y HAC HAXOJUT MPUMEHEHHE B HedTera3oo-
OBbIBAIONICH MPOMBIIUICHHOCTH U YEPHOW METaUTypruu (M3rOTOBIICHUE
’KEJIE30PYAHBIX OKATBIIICH), UTO OTPAXKAET CHIPHEBYIO CHEIUATU3AIUIO
IIPOU3BOJICTBA IOCTCOBETCKUX CTPAH.

[IpaxTrka npuMeHeHus: OEHTOHUTA B BUJIE CYyCIICH3HH, a HE TTOPOIIIKa,
oOycnosneHa teM, uyto B 50—60-x rr. nmpomuwioro Beka B CCCP He Obu10
OpPraHU30BaHO LEHTPAIM30BAHHOE POU3BOICTBO OCHTONMOPOIIKA B J0-
CTAaTOYHBIX KOJIMYecTBax. B HacTosiee Bpemsi B IUTEUHBIX 1[eXaX U IpH
paboTe Ha OEHTOHUTE HEPEIAKO MPUMEHSIOTCS OTpaOOTaHHBIEC MOJBEKA
TOMY Ha3aJ TEXHOJIOTMUYECKUE CXEMBI.

JlaHHbIe MOCIENHUX JIET CBUAETEIbCTBYIOT, YTO B O0IIEM 00beMe
BBIITYCKA JINThSI MPOMBIIUIEHHO Pa3BUTHIX cTpaH 65—70% cTanbHBIX U
YYT'yHHBIX OTJIMBOK MEJIKOTO M CPETHEr0 Beca MPOU3BOJIUTCS B popMax
U3 NeCYaHO-TIIMHUCTBIX CMECEH M 3Ta TEHACHIIUA COXPAHUTCA B OyIyIIIEM.

BonsmmHcTBO MecTopoxaennii 6enTonnToB CHI™ siBIsArOTCS Kasb-
[UEBBIMU U HYXXJAIOTCS B YIYUIIIEHUU CBOMCTB MyTEM aKTUBAIlUU CO-
noW. bnarogapst 3ToMy yBEJIMYUBAKOTCS MPOYHOCTHBIE CBOMCTBA CME-
CH, TEPMOCTOUKOCTh OEHTOHHUTA U CIIOCOOHOCTH CMECH MPOTUBOCTOSITh
o0Opa3oBaHHUIO ycaaok. Hepenko comy BBOAST HEMOCPEACTBEHHO B Oe-
T'YHBI MPU OPUTOTOBJICHUU (POPMOBOYHON CMECU Ha JUTEHHOM IIpO-
u3BojicTBE. OJTHAKO HAKAIJIMBAEMOE B CMECH M30BITOYHOE KOJIMYECTBO
COJZIBl PE3KO CHHYKAET €€ TEPMOXMMHUYECKYIO CTOWKOCTh M BBI3BIBAET
npurap Ha oTJIMBKax. Bo n3bexxanue 3Toro 100aBKU COJbI C LIENbIO aK-
THUBAIlMU KaJbLUEBOr0 OCHTOHUTA JOJKHbBI BBOJUTHCS €I A0 IIPOU3-
BOJICTBA TJIMHOMOPOIIKA B CHIPYI0 OEHTOHUTOBYIO TJIMHY MPU UHTEH-
CHUBHOM MEPEMEIINBAHUY, YTO 00ECTICYMBAET TyUIllee B3aUMOJICUCTBUE
COJIbI ¢ OEHTOHUTOM U MUHMMAJIBHOE €€ COJIepKaHUE B CBOOOTHOM BHJIE
B OCHTOTOPOIIIKE.
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Cmpoumenvhbie n1acmmaccyl —3T0 OJJHO U3 HAIIpaBJiIeHUH, B KOTO-
POM HUCIIONB3YIOTCSI OeHTOHUTHI. JoOaBiieHHEe dake HEOOIBIIUX KOJIH-
YECTB TOHKOAMCIEPCHOW TJIMHBI MOXET CIOCOOCTBOBATH MOJYYEHHUIO
0e3BpEeAHBIX JIsl OKPY KAIOIIEH CpeJlbl M HEIOPOTUX TIACTMACCOBBIX U3-
JeNUH C yIydlIIeHHbIMU OOIIMMH M CHEeIUaIU3UPOBAHHBIMU (pHu3nde-
CKUMHM cBoMcTBaMH. JloOaBlieHNE TJIMHBI MOXKET ClIeaTh IIACTMAacCChl
MaJIONPOHUIIAEMBIMH JIJIS )KMIKOCTH U ra3a. BMecte ¢ TeM MOHTMOpUII-
JIOHUTOBBIE TJIMHBI UMEIOT TUAPOPHUIbHYIO IPUPOTY U TTOITOMY OKa3bl-
BaIOTCSl TEXHOJIOTMYECKHU HECOBMECTUMBIMH C MOJMMEPHON MaTPHIIEH.
OpnnHako ecnu riivHa 00padoTaHa onpeaeseHHbIM opranndeckum [1AB,
COCTaB KOTOPOTO MO3BOJISIET UHEPTHOW TJIMHE JIyUIlle CMEUIUBATHCS C
MOJIUMEPAMHU, TO OHAa MOKET ObITh BKJIIOUEHA B TEXHOJIOTHUECKYIO CMECh
JUISl TIOJIyY€HUsI KOHEYHOro npoAykTa. OObIYHO TNIMHY TUApo(oOu3u-
PYIOT OpraHu4eckuM mMoaudukaTopoM. B pesynbraTte HOHHOrO 0OMeHa
IJIMHA HACHIIACTCS] OPTaHUYECKUM KaTHOHOM. OpraHOTJIMHBI COBMECTH-
MBI C TIOJIMMEPHBIMU CMECSIMU U MOTYT MCIOJb30BATHCS B MJIACTMACCO-
BOM IIPOU3BOJICTBE.

Kpome oTMeueHHBIX BbIIIE TPEUMYIIECTB, BBEJCHHUE B MOJIMMEPHYIO
MaTpUIly MOAU(DULIMPOBAHHBIX TIIMHUCTHIX MAJIOPa3MEPHBIX YACTHII CTIO-
cOOCTBYET MOBBIIIEHHIO OTHECTOMKOCTH IIacTMacc. Pasmep Mosekysl
BBOJIMMOT0 paJiuKaya OKa3bIBaeT CyIIECTBEHHOE BO3/ICHCTBHE HA TEPMHU-
YEeCKYI0 CTaOMIbHOCTh OPTaHOTIIMHBI U, COOTBETCTBEHHO, HA TEPMOCTOM-
KOCTh HAHOKOMIIO3ULIMOHHOT'0 TJIACTMACCOBOI'0 MaTepuaia.

Kpome noBblIieHus TEpMOCTOMKOCTH, BBEACHUE OPraHOTJIMHBI CIIO-
COOCTBYET yJIyUllleHHIO0 a0COPOIIMOHHBIX CBOMCTB IJIaCTMACC, IIPU 3TOM
MOBBILIAETCS| CHOCOOHOCTH MIACTMACCHI MOTJIOLIATh BPEIHbIE T'a3bl (ra3o-
oOpa3Hble MPOIYKTHI), 00pa3yIoluecs Npyu YaCTUYHOM Pa3I0oKeHUH CUH-
TE3UPYEMbIX HAHOKOMITOHEHTOB.

Ecnu cmech monmumep — OEHTOHUT MOIBEPraeTcst 00KHTY, TO TIIMHA 00-
pasyer clioif 000KEHHOT0 CUITMKATHOTO MaTeprasia Ha BHEIIHEH CTOPOHE.

benmonumoente cycnenzuu T0BOJILHO IUPOKO UCTIOIB3YIOTCA MPU
IPOBEIECHUU HAJ3€MHBIX U MOA3EMHBIX CTPOUTEIBHBIX padoT. B mpo-
LIECCE IPUMEHEHUS NNIMHUCTBIX CYyCIIEH3UI B CTPOUTENBCTBE B HACTOSILIEE
BpeMsI MPAKTUYECKU HE YUYHUTHIBAKOTCS TOHKHE JETaId MUHEPAJIbHOIO
cocTaBa OEHTOHUTOBBIX IJIMH. B TO e BpeMst HE00X0AMMO MPUHUMATh BO
BHHMAaHHE 0COObIE CBOMCTBA IJICUTIIETOB, KOTOPHIE YYaCTBYIOT B 00pa-
30BaHMHM TJIMHUCTHIX YacTHIl. Ha MOBEpXHOCTH MIEHTIETOB 3aps/ibl pac-
IPOCTpaHEHbl HEPABHOMEPHO, B PE3YJIbTATE YET0 00PA3yIOTCs HAHOPa3-
MEpHBIE YYACTKH C pa3IMYHON CUJION B3auMoaencTsus. Ha mosepxHoctu
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B TIEPBYIO OUYepe/Ib OyAYT 3aMOTHATHCS T€ CTPYKTYPHBIE TIO3UITUH, B KO-
TOPBIX CHJIBI B3aUMOJICHCTBHUS POSBIIAIOTCS Hanbosee cuiibHO. Ha aToi
OCHOBE MOTYT OBITh CO3IaHbI IUNIEHKU C TPOYHO 3aKPEIICHHBIM KaTHO-
HOM C OIpeieTICHHbIMU CBOMCTBaMU. OHAKO BEIMYMHA TOBEPXHOCTHOTO
3apsiia MOXKET OBITh 3HAYUTEIbHA. B 3TOM cilyuae B3auMOJeHCTBHE B
CUCTEME «MOJIEKYJIa — HAHOPA3MEPHBIN y9aCcTOK TOBEPXHOCTHY» MOXKET
0Ka3aTbCsl CTOJIb BEJIMKO, YTO 3alOJTHEHUE CBOOOIHBIX MO3UIIMNA HA TIO0-
BEPXHOCTHU OyJI€T HOCUTh XaOTHYECKUI xapakTep. B nmobom cinydae u3
PacCMOTPEHHOTO BBIIIE TIPABUIIA CIEAYET, YTO, MOAOMpast TITMHY C MaK-
CUMaJTbHBIM TTOBEPXHOCTHBIM 3apSJIOM TIIMHUCTBIX YaCTHUIl M Hanboliee
OJIarOMPHUSATHBIM C TOYKH 3PEHUS MOAU(PUKAIINN OTIPEICICHHBIM KaTHO-
HOM, TJIMHUCTOM YaCTHUIIE MOYKHO MPHUAABATh OMPEICICHHYIO CTPYKTYP-
HYIO TIPEIPACIIOIOKEHHOCTD.

[Ipu paBUILHOM HMCTIOIB30BAaHUN MUHEPAIOTHYECKUX OCOOCHHO-
CTEH TJIMH MOKHO YIYUYIITUTh KQ4€CTBO THIPOU3OJISIIIMOHHBIX TTIOKPHITUN
npu paboTax B TPYHTax C BBICOKOW BOJIOMpPOHHUIIaeMOCThI0. Hanbomee
POCTOM BapHaHT — 3aJIuBKa OEHTOHUTOBOM cMecH (CyCIIEH3UM) B TpaH-
IIeI0 WJIM KOTJIoBaH. Yepes ompeneneHHOe BpeMsi Ha TIOBEPXHOCTH CH-
CTEMBI TPYHT — CYCIICH3HsI BO3HUKAECT 3alIUTHAS IUICHKA, UTPAFOIast POJIb
rupoun3ossiTopa. Bo MHOTHX ciydasx sl yKa3aHHBIX e NCTIONb3Y-
I0TCS OCHTOHUTOBBIC TJIMHBI HanboJiee HU3KOTo KadecTBa U 0e3 J01o-
HUTEIBHBIX MOAU(PUKAIIHAA.

B OEHTOHUTOBBIX CYyCHEH3HAX, TPUMEHSIEMBIX JIJISI CTPOUTEIBHBIX
paboT, MOTEHIIMAIILHO UMEIOTCS TJICUTIIETHl M HAHOPA3MEPHBIE YACTHIIBI.
J1J1s1 u3BIIeYEeHNST MaKCUMAITbHOTO 3(peKTa Mmog00HbIe CYyCIICH3UH TOJIKHBI
MIPOXOIUTH MPEIBAPUTEIBHYIO IIOATOTOBKY B CIICITUAILHBIX OTCTOMHHUKAX.

Tak xak B CyCHeH3UU TJIMHUCTHIC YACTHUIIbI WU TJICHTIETHI CyIlle-
CTBYIOT B BHJIE TIJICHOK, METOJIOM OCQKJICHUS BO3MOXHO CO3/IJaHNE MHO-
TOCJIOWHBIX TIJICHOK C 33JJaHHBIMU CBOWCTBAMHM, HAIPUMEP TIUHUCTHIX
repMeTukoB. Hanbomee mmpoKko riIMHUCTBIE TEPMETHKHA TPUMEHSIIOTCS
IIPU TUIPOU3OJISIIMY IBOB B KOHCTPYKITUSAX, pAOOTAIOIIMX BO BIAKHBIX
TpyHTax.

[Ipu ucnoyib30BaHUY TIJICHOK B KQY€CTBE TEPMETUKOB HEOOXOIUMO
YUHUTHIBATH CIACAYIOIINE CBOWCTBA IICUTIECTOB OTJAEIbHBIX YACTHII:

1) BBUy HEOAHOPOAHOCTH MTOBEPXHOCTHOTO 3apsiia BO3MOKHA Op-
TaHU3aIHsI OTIPEJICIICHHBIX KATHOHOB HA MOBEPXHOCTH YACTHII, T. €. Ha-
JUYHE Crenn(rIecKkoro B3auMoACHCTBIS OOMEHHBIX KAaTHOHOB Ha I10-
BEPXHOCTHU 3JIEMEHTAPHOTO TJIMHUCTOTO IJICHTIIETa U OpraHU3alliy UX B
OTIPEJICTICHHOM TIOPSI/IKE;
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2) nyTeMm noadopa cocTaBa U CpOACTBA OOMEHHBIX KATHOHOB, BXO-
JSIIMAX B MEXKCIOEBOE MTPOCTPAHCTBO, BO3MOMKHO CO3/1aHUE TIIMHUCTBIX
CYCIIEH3UH C MaKCUMAaJIbHOW HAa0yXaeMOCTbIO;

3) B pe3yibTare B3auMOJCHCTBUS IIEUTIETOB MEXKIy CO00Ml BO3-
MOXXHO CTPYKTYPHPOBAHHE CAaMOU CYCIIEH3UU ¢ 00pa30BaHUEM Telei ¢
Pa3IMYHOM BEJIMYMHON TUKCOTPOIIHBIX CBOWCTB.

VY4eTt ykazaHHBIX CBOMCTB CITIOCOOCTBYET YITYUIIICHUIO Ka4eCcTBa OCH-
TOHUTA, KOTOPBIN B HACTOSIIIIEE BPEMSI YIKE UCTIONB3YETCS B CIIEIUATBHBIX
Kpackax, 00eCIeynBaoIINX FrepMETHYHOCTD IIIBA MEXKTY OTJEIbHBIMU JI€-
TaJsIMU KOHCTPYKIIUH.

HexoTophlie pa3HOBUIHOCTH OEHTOHUTOB M3aBHA UCIOJIL30BATUCH
KaK OJIUH U3 TJIaBHBIX KOMIIOHEHTOB CTPOUTEIbHONU KEpaMHUKH pa3iiny-
HOT'O Ha3HAYEHUs, HanpuMep Oenokryiecs: 06 HTOHUTHI. Bricokas mo-
BEPXHOCTHAs aJCOpOLMs TJIIMHUCTHIMU YaCTUIAMU HEKOTOPBIX COJIEH
MOXET UCIOJIb30BAThCS MPU CO3JaHUHM KEPAMUUYECKUX MacC CO CIEIU-
aJIbHBIMU CBOMCTBAaMH, HAIIPUMEP HA 3TON OCHOBE BO3MOKHO IPOU3BO/-
CTBO MPO3PAYHON KEPAMUKHU.

Bypoevie pacmeoput, N3roTOBICHHBIEC 13 OCHTOHUTOB Pa3HBIX I'€HE-
TUYECKUX TUIOB, PE3KO OTJIMYAIOTCS IPYT OT Apyra. [[1oTHOCTH riuHu-
CTBIX pPaCTBOPOB Y BBICOKOKAU€CTBEHHBIX IIEJIOYHBIX THAPOTEPMATIbHBIX
1 BYJIKAHOT€HHO-0CAJIOYHBIX OCHTOHUTOB M3MeHseTcs ot 1,04 no 1,15.
BrIx0/ IIMHKCTOrO pacTBopa u3 1 T cocrasnser 9,5-15,7 m*/1, a conep-
xanue necka —0,6-5,0%. M3 naHHbIX OEHTOHUTOB MOIYYaOTCs PACTBOPHI
nepBoro copra. M3 6EHTOHUTOB CO CMEITaHHBIM 0OMEHHBIM KOMILIEKCOM
MOTYT OBITh ITOJTyY€HBI PACTBOPHI IEPBOTO — TPETHETO COPTOB C BHIXOJIOM
6,3—12,6 m*/1. 1lleno4yHo3eMeNbHBIE GEHTOHUTBI OCAJOYHOTO U JIFOBH-
JIbHOT'O TUIOB OTJINYAIOTCS HU3KUM Kaue€CTBOM, U3 HUX MOTYT OBIThH TO-
Jy4eHbl OypOBbIE€ PACTBOPHI TOJIBKO YE€TBEPTOro copTa. ImoTHOCTH pac-
TBOPOB IpH 3TOM cocTasisieT 1,20-1,29, Beixon pacteopa — 2,2-3,2 M/,
npu coaep:kanuu necka 1,6—2,9%. HuzkocopTHble pacTBOpHI NOJIyYa-
I0TCSI U3 DITIOBHAIILHBIX OEHTOHUTOB, 00Pa30BaHHBIX MO 3 (Py3UBHBIM I10-
pojam, Torjaa Kak OEHTOHUTHI, 00pa30BaHHBIE IO OCAI0YHBIM TOPOJIaM,
JUISl TPUTOTOBJICHUSI OYPOBBIX PACTBOPOB HE MPUTOAHBI U3-32 BBICOKOTO
COJIEpKaHUsI TIECKA.

B nuwesoit npomviuiiennocmu OEHTOHUT 3apETUCTPUPOBAH B KAUECTBE
nuieBoit 1o6aBku ES58, mpensarcTByromei CliexxuBaHUIO U KOMKOBaHHUIO.

benToHuT siBIsIeTCS OMOIOrMYECKU aKTUBHBIM BEILIECTBOM, 100aBIIe-
HUE €r0 B KOPM U C yIOOPEHUSIMU B TIOUBY MOBBINIAET MPOTYKTUBHOCTD
YKUBOTHBIX U YPOXKANHOCTD CEIIbCKOXO03SUCTBEHHBIX KYJbTYP.
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B 6unoOdenuu OEHTOHUT UCTONB3YIOT AJISI YCKOPEHHS] OCBETICHUS
cyciia, BAHOMATEPHUAJIOB U CTAOUIIN3alliK BUH MMPOTUB OEJIKOBBIX TOMYT-
HeHuil. OcHOBHOM KoMNIOHEHT OeHToHuTa (60—70%) — MOHTMOPUILIIO-
HUT Alo[Si4010](OH), - nH20, xoTOpBIN IpecTaBiIsieT COO0H JIMCTOBOM
CIJIMKAT C PACIIUPSIONICHCS CTPYKTYPHOU SIYEHKOM; 00J1a1aeT BRICOKOU
Ha0yXaeMOCTBIO B CIIOCOOCH JIaBaTh T'eJICO0Pa3HYIO CYCICH3HIO.

benTonuT mo6aBnstoT B BUHOMaTepuan B Buje 20%-HoW BOIHOMN
cycneHsuu u3 pacuera 14 r/n. Jlo3y onpenenstor myTeM NpoBeICHUs
poOHO okJelku. OOBIYHO TPOU3BOACTBEHHYIO 00OPAOOTKY COBMEIIAIOT
C IEMETAJUIN3ALUEN, OKJIEUKOM KEJIATHHOM HWIIH ITOJIUBUHUITUPPOIIHIO-
HOM. {1 yckopeHusi oOpa3oBaHus OCajKa J00aBISIOT MOJUAKPUIAMU]L
WJIU TTOJTMOKCUATIIIEH. [Ipu ocBeTIeHUY cycia OEHTOHUT MOBBIIIAET CKO-
POCTh OCEJIaHMsI MYTSIIIINX YacCTHIIl, aJICOPOUPYET OKUCIUTENbHBIE (ep-
MEHTBI, YAJIsIeT MUKPOOPTaHU3MbI, CHI)KAET KOJIMYECTBO OeJiKa U Ipy-
I'MX BEIECTB.

OcBeTiieHHe JOCTUTAeTCs TyTEM COBMECTHOIO IEUCTBHSI ITPOLIECCOB
GIOKYNAMN U aICOPOIMU OCHTOHUTOM MYTSIIIMX YaCTHIl BHHOMATEPH-
ayia, CTabMIIBHOCTB — BCJIEICTBHE aIcOpOIInU OeKa, KOHACHCUPOBAHHBIX
(heHOIBHBIX BEIIECTB, MOIUCAXAPUJIOB U APYTHX COCAMHEHHM, KOTOPHIC
MpU JUIUTEIIbHOM XPaHEHUU CIIOCOOHBI BCTYMATh B PEAKIIUIO0 MEXTY CO-
001 1 ¢ IPyrMMU KOMIIOHEHTaMU BUHA WJIH BhINAAaTh B OCAJIOK.

beHTOHUT Takke M00aBISIOT B TUPAKHYIO CMECh JJISl YIYUILICHUS
YCJIOBUH peMIoaka B TPOU3BO/ICTBE IIIAMIIAHCKOTO.

Takum 06pa3zom, B TaHHOU TJIaBE PaCCMOTPEHA JUHAMUKA I0OBIYU
OCHTOHUTOBBIX IJTMH HaunHas ¢ 1991 r. mo Hacrosiee BpeMsi, onpeie-
JeHbl cepbl TPUMEHEHHUS U OCHOBHBIE TEXHOJOTUYECKHUE MPOIIECCHI,
B KOTOPBIX UCIOIB3YIOTCSI OEHTOHUTOBBIE TJIUHBI, BHIMIOJHEH CPAaBHU-
TEJIbHBIA aHAJIU3 XUMUYECKOTO M (pa30BOr0 COCTABA TJIMH Pa3IUYHBIX
MECTOPOXAEHHH, a TaK)K€ MPOBEJEHA OLIEHKA JI0JHU HUCIOJIb30BAHUS
OCHTOHUTOBBIX TJIMH B Pa3NUYHBIX o0nacTsax s benapycu, Poccun u
YKpauHsl.
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I'/TABA 2
PETYJIMPOBAHUE ITOPYICTOM CTPYKTYPbI
CJIOUCTBIX CUJINKATOB

Co==o9

CoBpeMeHHOE DPa3BUTHE XUMHUUYECKOW MPOMBIILICHHOCTH TECHO
CBSI3aHO C MPOTPECCOM B 00JIaCTU TIPOU3BOJICTBA COPOCHTOB M KaTalu-
3aTopoB. B cBsi3u ¢ 3TUM BO3pacTaer 3HaueHUE pa3pabOTKH HOBBIX Me-
TOJIOB CHHTE3a AKTUBHBIX U CTAOMIIBHBIX B paboTe aIcOpOEHTOB U KaTa-
JIM3aTOPOB.

B 70-e rr. XX B. ObUI CHHTE3UPOBAaH HOBBIN KJIacC BEIIECTB, KOTO-
PBIi HA3bIBAIOT CTOJIOYATHIMU CIOUCThIMU cuiinkaTaMu (pillared sheet
silicates), a Takke monepeuHoO-cIUTHIME (cross-linked) wmm dpukcupo-
BaHHBIMH CJIOUCTHIMU CUJTUKATaMH, OTHOCSIIIUMUCS HAPSITy CO CIIUTHIMU
okcuaamu, cyiabduaamu, pocharamu MONMBAICHTHBIX METAIOB, TUTA-
HaTaMu, BoJib(ppamMaTamu, HIOOaTaMu, TpauTaMu 1 HEKOTOPBIMH JIPY-
ITMMHU MaTepHallaMH, MOJYyYEHHBIMU Ha OCHOBE MOJIMBAJICHTHBIX METaJ-
JIOB, K COEJIMHEHUSIM BHEIPCHUSI.

OcHoOBY HOBOTO THTIAa (PUKCUPOBAHHBIX CIIOMCTHIX aTIOMOCHIIUKAT-
HBIX aJICOPOEHTOB M KaTaIU3aTOPOB COCTABUIIM IJIaBHBIM 00pa3oM MpH-
POJIHBIE MOHTMOPWIJIOHUTHI, MOJU(UIIMPOBAHHBIE HEOPTAHUUYECKUMH T10-
JUTUAPOKCOKOMITJIEKCAMU METAJIJIOB U OPTaHUYE€CKUMH KaTHOHAMH.

Pe3ko Bo3pocimi 3a nociaeIHeEE BpEMSI HHTEPEC K alIFOMOCHUIIMKA-
TaM CO CJIOUCTO-CTOJI0YATON CTPYKTYPOM 0OYCIIOBIIEH UX OTHOCUTEb-
HO HECIJIOKHBIMU METOJIaMH TTOJIYYEHU S, JOCTYITHOCTBIO U JICIIEBU3HOM
HIMPOKO PACIPOCTPAHEHHOTO ChIPhS, a TAK)KE JOCTATOYHO BBICOKOM Ka-
TAIUTUYECKON aKTUBHOCTBIO, KaK MPAaBUJIO, MPEBOCXOIAIICH IO aKTUB-
HOCTU KPYMHOTOPUCTHIE IICOJIUTHI, BKItOUas (POKA3UTHI, B PEAKIIUIX
KaTAUIUTUYECKUX MPEBPAIICHUIN KPYITHBIX MOJEKYJ (KUHETUYECKU Jua-
MeTp KOTopbix 6omee 1 um). B padote [1] n3yueHsl CTpoeHUE U CUHTES
CJIOMCTBIX CHUJIMKATOB, B OCHOBHOM CMEKTHUTOB, a TAK)KE PACCMOTPEHBI
HEKOTOPBIE KAaTaJTUTUYECKUE PEaKIUH, MPOTEKAIOIIME HA JaHHBIX Ma-
Tepuanax.

B nocnennee Bpemsi HAMETUIIUCH HOBBIE TEHICHIIMU B 00J1aCTH CHH-
T€3a U U3YUYEHUSI CIIUTHIX CIOUCTHIX CUIMKATOB, YTO BBI3BAJIO HEOOXO-
JUMOCTb UX KJIaCCU(UIIMPOBATH.
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Hcxons u3 npupoasl MOAUMUIIMPYIONIETO (CHIMBAIOIIEI0) areHTa,
MHOT000pa3Hble UHTEPKAITUPOBAHHBIE TJIMHBI MOKHO Pa3eIUTh Ha Clie-
JTYIOINE TPYIIIbI:

1) buxcupoBaHHBIC OPTAaHUYECKUMHU BEIIECTBAMMU;

2) (puxcupoBaHHBIE FJTEMEHTOPTAHUYECKUMU COCTMHEHUSIMU;

3) MUHEpaIbHO-OPTaHUYECKUE;

4) pukcupoBaHHbIE HEOPTAHUUECKUMHU MOJUTUIPOKCOKATHOHAMM.

[lepByto 1 YETBEPTYIO IPYIIIIBI, B KOTOPHIX ITIMHUCTHIC MUHEPATIBI (DUK-
CUPYIOTCS JINOO OPraHuYECKUMU, TMO0 HEOPTAHUYECKUMHU BEIIECTBAMH,
MOHO Ha3BaTh OCHOBHBIMH, TaK KaK K HACTOSIIIEMY BPEMEHU OHH SIB-
JSI0TCS HanboJiee MHOTOYUCIICHHBIMH, @ MAaTEPHAIIBI BTOPOU TPYTIIIHI C
AIIEMEHTOPTAHUYECKUMU OMIOPAMU M TPEThEH TPYIIIIbI, B KOTOPOU (HUK-
CUPYIOILIME areHThI MPEACTABISIIOT COO0M CMEIIaHHbIE MUHEPATbHO-0p-
TraHUYECKUE COEIMHEHUS, MOKHO Ha3BaTh IPOMEKYTOUHBIMHU.

2.1. I'muHb1, GUKCUPOBAHHbIE
OpraHMYecKHMH BellleCTBaMU

Oprannueckue COeIMHEHUS B KaUeCTBE (PUKCUPYIOIIUX areHTOB JIJIsi
CIIMBKU IJIMH OBUIN UCIIOIL30BaHbI epBbIMU. Tak, B padoTax [2, 3] s
JIOCTUKEHUS IOCTOSHHOM MOPUCTOCTHU B IIMHAX ObLIM MPUMEHEHBI TET-
paaIKUIaMMOHUH, OUIIUKINYECKHE aMHUHBI.

B Hacrosimiee Bpemsi ramma (PUKCHPYIOIUX OPTaHUYECKUX COCTMHE-
HUM 3HAYUTENHHO PACIIMPUIIACH U BKIIIOYAET B ceOsl TMaMUHBI U MOJIHa-
MUHBI [4], N-3amelieHHbIe TPOU3BoaHBIC OeH30THazomus [S] u ap. Kak
MPaBUJIO, TJIMHBI, (PUKCUPOBAHHBIC OPTAHUYECKUMHU BeleCTBaMu (opra-
HOTJIMHBI ), 00J1aJJal0T HEBBICOKOM TepMOCTa0MIBLHOCTRIO (10 250°C), n0-
BOJIGHO BBICOKOH ILIOIAAbI0 moBepxuoctu (150-300 M%/r), rumpodo6-
HOCTBIO M OOJIBIINM MEKCI0EBBIM paccTosHueM (door = 19-32 A), uto
1 00yCJIOBJIMBAET UX MPUMEHEHNE B OCHOBHOM B KaUE€CTBE aJICOPOCHTOB
JUIsL TIOTJIONEeHus [6] 1 XpoMaTorpaguyecKkoro pa3aejaeHus opranuye-
CKUX BEIIECTB.

Bwmecte ¢ Tem He TOJIbKO TPUPOIa OPraHUYECKON OTOPBI, HO U HOH-
Has Gopma, B KOTOPON HAXOJUTCSI CMEKTHUT, OKa3bIBAIOT CYIIECTBEHHOE
BJIUSIHUE Ha CEJICKTUBHOCTD pa3/IeJICHUsI OpraHUYECKUX COeAMHEHUN. VY -
TAHOBJICHO, YTO U3 BCEX MCCJIEIOBAHHBIX KATHOHHBIX (POPM MOHTMOPHII-
JIOHUT B 1Ie3UeBOM (opme, MOIUDUITUPOBAHHBIN LETWIMUPUIANHUEM,
00Ja1aeT ONTUMAIBLHBIMU CBOMCTBAMH JIJISl Ta30XpOoMaTOrpadudecKoro
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pa3zieNeHusl U30MEPOB KCUJI0JIa, Kpe3oJia, TUXJI0p0eH30J1a, MOHO-, -
U TpuxiyiopTonyoia. Hy>kHO 0OTMETUTh, UTO HOHHAs (opMa, B KOTOPOit
HAXOJIUTCS TIIMHUCTHIN MUHEPAJ, MOXKET OKa3bIBaTh BIMSHUE HE TOJIBKO
Ha CEJIEKTUBHOCTbH pa3J/ieJICHUsI OPTraHMYECKUX BEIIECTB, HO M Ha Be-
JUYUHY MEXCJIOEBOr0 paccTosiHusA. Tak, JJIs TJIMH, UHTepKaTupOBaH-
HbIX TeTpakuc (1-merun-4-nupunui) u rerpakuc (N,N,N-tpumerni-4-
aMUHGUHUN)-TOpPUHAMHU, B 3aBUCUMOCTH OT KATUOHHOU (POPMBI
moutmopunonura (H', Li*, Na*, Ca**, Cu®**, Co*", VO*" u Fe*") mo-
Jy4E€HBI CJIOUCThIE MaTepHUaIbl, UMEIOIINE MEXKCIOEBOE PACCTOSIHUE OT
13,5 10 20 A [7].

UccnenoBanus, HampaBiIE€HHbBIE HA MOJYYEHUE U U3YUYEHHUE CBOMCTB
OpPraHOTJIMH, BEIYTCS MOCTOSIHHO. B 3TOM IJ1aHe OYeHb UHTEPECHA pa-
6ota [8], B KOTOPOH MHTEPKAISAIUIO OPTAaHUYECKUX BEIIECTB B MOHT-
MOPHUJUIOHUT IPOBOAMIN MTyTeM TBepAoda3HbIX peakinii. B kauecTse
peareHTOB UCMOJIb30BaIM MOHTMOPUIJIOHUT B Na-(opme u opranuye-
CKHE COeIMHEHUS (aKpUJIaMu/Jl, MeTaKpUIaMu U MOYeBHUHY). TBepao-
(dha3Hy0 peakiyio NPOBOJUIIN ITyTEM MEPEMEIITUBAHUS U TTIEPETUPAHUS
MOPOIIKOB MOHTMOPWJIJIOHUTA U BRIOPAHHOTO OPraHUYECKOTO Bellle-
cTBa. Takoi criocod PUKCUPOBAHMS CIOEB TIUHBI TO3BOJISIET MAKCH-
MaJbHO YIPOCTHUTH amnmapaTypHoe ohopmMIIeHHE Ipoliecca CHHTE3a, uTo,
B CBOIO OY€pe/lb, PACIIUPAECT BO3MOKHOCTH MPUMEHEHHS JAHHBIX Ma-
TEepHUAJIOB.

2.2. I'mnHbl, (pUKCHUPOBaHHbIE
37IeMeHTOPraHM4YeCKNUMU COeJUHEeHUSIMU

['MuHBl ¢ 3IEMEHTOPraHWYECKUMHU OIMOpaMU TMOJIYYUSId Ha3BaHUE
«CTONI0YAThIEC TIMHBI» U3-3a TOTO, YTO B KAYECTBE CIIMBAIOIIEIO areHTa
UCIIOIB3YIOT 3JIEMEHTOPTraHUYECKUE COCTMHEHUSI, CTIOCOOHBIEC TUAPOIIU-
30BaThCsl U MO BO3JICHCTBUEM TEMIIEPATYPHOU 00paOOTKH pa3iaratrbes
JI0 OKCHJIOB, BBITIOJIHSIOIIUX POJIb «CTOJIOMKOBY». B mepByto ouepeib 1o
YHCITY BBITIOJIHEHHBIX pa0OT B JaHHOM HANpaBJICHUU 3TO OTHOCUTCS K
rJIMHaM, UHTEpKaupoBaHHbIM S102. J[71s TaKuX 11€71ei KCTI0JIb30BaIH alle-
TOHAT KPEMHUS, TOJMXJIOPCHIIOKCaHbI Win coeauHeHus tumna Si(OR)4, Trie
R — yrneBonopoanslii pagukai ¢ anuHou nenu Ci-Cs nnu Co-Ce. [locne
npoKaauBaHusl BHeIpeHHbIH Si02 criocoOeH yAep:KUBaTh CJIOU HA pac-
crosauu 14 A mpyr ot apyra, yaenbHas MOBEPXHOCTh (PUKCHPOBAHHOM
KPEMHE3EMOM TJIMHEI, M3MepeHHas 110 Na, cocrasisier 200-500 m?/r.
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Oco0eHHO MHTEpeCHa B 3TOM IJIaHe paboTa, B KOTOPOil MpeBapu-
TEIHHO HAOYXIIHMIA B ETUITPUMETHIIAMMOHUN CMEKTUT 00padaThIBaIH
TETPAdTUIOPTOCHINKATOM. [ToyueHHbINH MaTepran UMeeT Sy, = 730 M?/T
nociue npokanuBanus npu 540°C [9].

Ectb coobmenus [10, 11] o cunrese Fe*'-puxkcupoBaHHbIX cMeK-
TUTOB, MPUTOTOBJIEHHBIX C UCIOIB30BAaHUEM TPEXBSICPHOIO0 KOMILIEKCA
anerarruapokco-Fe**-aurpara — [Fe3;(OAc)7(OH)H.O]NOs, u Fe**-ux-
CUPOBAHHBIX CMEKTUTOB C UCIONb30BaHuEeM 1,10-dbenanTponuna u tris-
[Fe(2,2-0unupuauin)s]** katnonos. ITocse mporpeBa KOMILIEKCHBIE Ka-
THUOHBI IPEBPAIIAIOTCS B OKCUIbI, CIIyXKaIUEe ONOpaMHu, dooi JOCTUTAET
sHauenus 17 A.

K uunciy MetannopraHn4eckiux COeIMHEHUH, CTIOCOOHBIX BHEAPATHCS
B CJIOMCTYIO CTPYKTYPY M BBIIOJIHATH POJIb MEKCIOUHBIX OTIOpP, OTHO-
catcs Takxe Ti-cogepxkamue metammokomiuiekesl: Ti(OR )4, nuzonpomnu-
nat Ti [12] u np. Y naHHBIX MaTepHaIOB MPU TEMIIEpaType MPOKaI-
BaHMA Bbile 500°C MexkCII0eBbIE pACCTOSHUSA U3MEHSIOTCS B MPEIeIax
13,5-17,0 A, ynensHas noBepxHocTs cocrapiser 300 mM/T.

B nuteparype ectb 1aHHbIe 00 UCTIOJIB30BAHUU JIJIS1 (PUKCAINH CIIOEB
IJIMHBI XeJIaTHBIX KoMIutekcoB kobanbra [Co(NH2CH2CHoNHL)3 ] [13],
paznuuHbX nopPuHoB [7] u tris(aTHneHaAnamMuna) [ 14].

Kpome BolliepaccCMOTPEHHBIX 3JIEMEHTOPTaHUYECKUX KATHOHOB, JIJIS
WHTEPKAJIMPOBAHUS PUMEHSIOT €I LEJbIN Pl COEJUHEHUN JAaHHOTO
Tumna, Takux kak Cu u Ru tris-ounupuamnst [15], k1acTepHbIX KATHOHOB
MsC12"", M—Ta uau Nb [16], a Takxke coequnenunii B, P, Mg, Zn, cene-
HUS O KOTOPBIX BCTPEUAIOTCS MU30IUYECKHU.

N3 uccrnenoBarenbckux padoT, paccMaTpUBAEMbIX B JAHHOM Pa3-
nese, CieayeT OTMETUTh PaboThl, HANIPABICHHBIC HA TIOJIYYEHUE CIIOU-
CTBIX MAaTE€pPUAJIOB C BHEPEHHBIMHU B MEXKCJI0E€BOE MPOCTPAHCTBO OPraHU-
YECKUMU METAJUI-XEJIaTHBIMU COCIMHEHUSIMU NTaJUIaAusl, YTO MO3BOJIMIIO
UCIIOJIB3YEMBIH JIJIsl TUJIPUPOBAHUSI OPTaHUYECKUX a3u10B nudeHundoc-
¢un Pd (2+) nepeBectu B O0Jiee aKTUBHYIO T'eTEpPOreHHyto popmy [17],
a TaKXe J1aJio BO3MOXHOCTh, MEHSISI OpPTaHUUYECKUE PAIUKATIbI, U3BMEHSTh
MeskcnoeBoe paccrosaue (13,0-29,4 A), a cneioBaTensHO, CKOPOCTD U ce-
JIEKTUBHOCTH MPOIECCOB TUJIPUPOBAHUS alleTUIeHa, (heHUIalleTHICHA
U TPETOYTUJIALIETUIICHA.

B 3aknroueHue cineayer OTMETHTb, YTO, KPOME CMEKTUTOB, COAEPKa-
mmx Mexay cinosiMu Si02 u Ti02, Bce oCTalIbHbIE COSTMHEHUSI BbIIEPKH-
BaIOT BO3JIeiicTBUE Temmepatyp He 6oiiee 450°C, a 3TO 3aTpyaHSACT UX
0oJiee MUPOKOE MPUMEHEHHE.
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2.3. MuHepaJIbHO-OpraHuYecKue r’InHbI

IlepBoe ynmoMHHaHUE O CUHTE3€, U3YUYEHUH U MPUMEHEHUHU MUHE-
paIbHO-OPraHUYECKUX TJIMH OTHOCUTCS K Havamy 90-x rr. XX B. CBoe Ha3-
BaHME TJIMHBI OJYYWIH U3-3a TOTO, YTO B MEXKCIOMHOM MPOCTPAHCTBE
HaXOJSTCS KAK HEOPTraHUYECKHE «CTOJOUKM» (Yalle BCEro NOJIUTUIpO-
KCOKOMIUIEKCHI Al), Tak ¥ opraHnyeckue, Hanpumep (eTUITUPUINH).
OOBIYHO B ITpOLIECCE CUHTE3a HAa TIEPBOM ATalle MOJIyYaroT CUIUTBIA HEOP-
TaHUYECKUMU KaTHOHAMH CMEKTHT, a 3aT€M B HET'O BBOJST OPIraHUYECKYIO
COCTaBJIAIOLIYIO.

Ecnu u3MeHuTh Nopsiiok BBEAEHUS MOJIU(PUKATOPOB, HEOPTAHU-
YECKUI MOJIMMEPHBIN KaTHOH OyAET BBITECHATH U3 MEXKCIONHOTO IPO-
CTPAHCTBa OPraHUYECKYIO YacTh BCIEACTBUE 00Jiee CHUIIBHOTO 3JICK-
TPOCTATUYECKOTO B3aUMOJIEHCTBHUS CO CIOSIMU IIIMHUCTOTO MUHEpAa,
Tak Kak KatuoH [Al1304(OH)24(H20)12]"* umeeT Gonbimuii 3apsa. B pe-
3yJabpTaTe OyJeT 00pa30BbIBATHCS CIIUTHINA CMEKTUT, UMEIOIIUN MEXKIY
CJIOSIMU TOJIBKO MOJIATUIPOKCOKOMIIJIEKCHI allFOMUHHUS. B TakoM ciydae
TEPMHH «OPTaHOMHUHEPAJIbHBIE TIIUHBI) ABJISETCS HE COBCEM BEPHBIM
10 OTHOIIEHUIO K JAHHOMY KJIacCy CO€IMHEHUM, TaK KaK B KOHEYHOM
c4yeTe poJib PUKCUPYIOLIErO0 areHTa BHIMOJIHAET HEOPTaHUYECKOE CO-
€IUHEHUE.

B pabore [18] uccienoBan MexanusM oOpa3oBaHUsl OpraHOMUHE-
pasibHBIX TNIHH. 10 TaHHBIM 3JE€KTPOKUHETUYECKUX UCCIEAOBAHUI IPU
copbumu [TAB, BeIcTymarommx B Ka4eCTBE OPraHOCOCTABIISIONICH, HE TIPO-
VCXOJUT BBITECHEHUS MOJUTUAPOKCOKOMILIEKCOB MHOTOBAJICHTHBIX Mé-
TaJIOB, a Pe3yJIbTAaThl U3YUYEHUS IIUKJIOB aJCcopOIus — 1ecopOLrs CBU-
JETeNbCTBYIOT 0 HeoOpatumoit Ha 90% ancopOuuu katuoHHbIX [TAB.
[annbie [IAB opreHTHpOBaHBI HOHOTEHHOM IPYNIION HAPYXKY, YTO MOJI-
TBEPKAAECTCS KCCIIEAOBAHUSAMH 0 (PJIOKYJIALMH U MENTU3ALUY.

2.4. FHHHBI, CIITUTHIC HCOPraHNYECKN MU
INOJIMTUAPOKCOKATHOHAMH

2.4.1. CMeKTUTBI, UHTepKaIMPOBaHHbIe TOMOSIIepHBIMMU OJIU -
rOMEepPHBIMU KOMIUIEKCAaMU. ABTOpBI padoThI [ 19] mokazanu, 4To THApOK-
cokoMmruiekchl HOHOB Al u Fe, oOpa3yromuecs npu TUapon3e B pacTBOpeE,
CozIepiKallleM B OMpeeieHHOM cooTHOIeHnU noHbl OH™ 1 Me"', narot
C MOHTMOPHJIOHUTOM TEPMUYECKU CTAOMIIbHBIE CTOJI0YAThIE CTPYKTYPBI
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C yJIeIbHOM MTOBEPXHOCTEIO 0T 200 710 500 M%/T ¥ MEKIIIIOCKOCTHBIM IIPO-
MeKyTKOM 0k0710 9 A. TIpoieMOHCTPHPOBAHO, YTO NMPH UCHOIb30BAHUH
pacTBOpa r'MIPOKCOKOMIUIEKCOB allOMUHUS, HE TIOJIBEPTaBIIEroCcs CTa-
peHut0, MOAU(PUIIMPOBAHHBIA UM MOHTMOPHJUIOHUT TOCJIE BBICYIINBA-
uus pu 110°C uMeeT MeXIIocKocTHOe paccTosHue 14,6 A. Ipu npu-
MEHEHHUU K€ PACTBOPOB, MOJBEPIIIMXCS CTAPEHUIO, MEKIIIIOCKOCTHOE
paccTosHue yBenuuuBaercs 10 17,5 A B ciryuae 6-1HeBHOI BBIIEPKKH,
IpH yBEJIMYEHUH cpoka ctapeHus 10 30 cyT OoJiee 3HAUUTENIbHBIX U3Me-
HEHUM MEXIJIOCKOCTHOTO PACCTOSIHUS HE TPOUCXOIUT. ABTOPHI CBSI3bI-
BAIOT OTO € 0OPa30BaHUEM YCTOMUIMBEIX KOMILIEKCOB [Alg(OH) 12(H20)12]%*
B BHUJIe 6-uiaeHHBIX KoJiell [20]. YuuTpeIBasi, 4TO TOJIIMHA TaKUX KOJIeI]
cocTapiseT okono 4,7 A, 661710 clienaHo IpeanoaoKeHHue O JBYXCIIOM-
HOM UX PaCIOJIOKEHUH B MEKCII0€BOM IMPOCTPAHCTBE MOHTMOPUJUIOHHUTA.
[Ipu 5TOM aBTOPHI UCXOAWIIU U3 TIPEACTABICHUM, pa3BUBAEMbIX B UCTOY-
HUKe [21] o mapamienbHOM pacioJIOKEHUH OJIUTOMEPOB OTHOCUTEIBHO
CJIOEB MOHTMOPHUJJIOHUTA, HE UCKIII0Yasi, OJJHAKO, BO3MOXHOCTh UX Ha-
KJIOHHOT'O U JIaXKe MEPIEeHIUKYJISIPHOTO PACTIOIOKEHHUS.

ABTOpam paboThl [22] ¢ TOMOIIBIO PEHTIEHOTPaPUIECKOT0 METO1a
yAAJIOCh MOJTYYUTh 3HAYEHUST MEKIUTOCKOCTHBIX PACCTOSTHUH JJ1s1 00pas-
1IOB MOHTMOPWJUIOHUTA, MOJAU(PUIIMPOBAHHOTO PACTBOPAMU C PA3TTUYHBIM
cootnommenneM OH™ / AI**. CornacHo 3TUM JTaHHBIM, IPU YBEIUYEHUH
ornomenus OH™ / AI** nuk 6a3anbHOro OTpaXKeHUs CTAHOBUTCS 60JIee
OCTPBIM. DTO OOBSICHAETCS, IO MHEHUIO AaBTOPOB, PA3JIMYHON CTETIEHBIO
3aMeIeHHst HOHOB Na' B CTPYKType MOHTMOPHJUIOHUTA, YTO MIPUBOIUT K
HEPAaBHOMEPHOMY CTSTHBAHHUIO CJIOEB MPU BBICYIIMBAHUYU U YIIUPEHUIO
IHMKOB 0a3albHBIX OTPAXEHUM NpH HU3KKX oTHOmEeHusax OH™ / A"

Bousee moipo6HO BONPOC O CTEMEHH 3aMeIleHUs] HOHOB Na'™ B MOHT-
MOPWIOHUTE TUAPOKCOKATUOHAMHU ATIOMUHUSL pacCMaTpPUBAETCS B pa-
oote [21]. Ha ocHOBaHuU pacueTa COOTHOILICHUS YUCIIa TUAPOKCUIBHBIX
TPYIN OCHOBHBIX KATHOHOB AJIFOMUHUS U MOJIEKYJT BObL, TPUXOISIIIINX-
csl HAa OOMEHHBIN LEeHTp, puBoAUTCS Gpopmyna onuromepa [Alza(OH)eo]
KaK 0o0Jiee BEpOsATHAS 110 cpaBHEHUIO ¢ popmyioii [Als(OH)i2(H20)12]°".
Ha ocHoBaHuu ajicOpOLIMOHHBIX TaHHBIX aBTOPBI yTBEPKAAIOT, UTO yBeE-
JIMYEHUE pa3MEPOB T'MIPOKCOKATHOHOB AJIFOMHUHUS, KOTOPOE HaOIr0AaeTCst
npu noseiernr OH™ / Al**, HeGnaronpusaTHO CKa3bIBa€TCSA Ha UX IIPO-
HUKHOBEHHH B MEKCIIOEBBIE TPOMEKYTKH MOHTMOPHIJJIOHUTA C HanboJee
YHOPSAIOYEHHON CTPYKTYypoi. B cimyuae sxe 00pa3iioB IIMH ¢ MEHEE YII0-
PSIIOYEHHON CTPYKTYpO# HaOIF01a10Ch 3aMelieHre HOHOB Na'™ mpakTu-
YECKHU BO BCEX MEKCIIOEBBIX MPOMEKYTKAX CTPYKTYPHI.
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B pabote [22] noka3zaHo Takxke, 4TO MPH YBEIMUYEHUN COOTHOLIECHUS
Al/ rnuna pu 00paboTKe MOHTMOPHILIOHNUTA TPOUCXOIUT YBEITMUCHUE
XapaKTePUCTHUECKOT0 MEKIUIOCKOCTHOTO paccTostHus. Tak, mpu cOOTHO-
menuu Al / rmuna 0,24 Mmonb/T Ha qudpakTorpamme odpasiia UMeeTcst
XapaKTEPHBIA MUK, COOTBETCTBYIOIIMI MEKIITIOCKOCTHOMY PAaCCTOSIHUIO
10 A, a mpu cootHOomenun Al / rauHa 1,96 MMOJIB/T TOSBISETCS HHTEH-
CHBHBIi1 [TMK, COOTBETCTBYIOIIHI MEKIIIOCKOCTHOMY paccTostamio 17,7 A.
B sToM 3kcniepumenTe 00pasisl Obuth porpetsl npu 220°C 2,5 4, yTto
MTO3BOJIAJIO aBTOPAM CJeIaTh BRIBOI O POPMHUPOBAHHY CTAOMILHON TIO-
PUCTOM CTPYKTYPBI C pa3MepamMu MMop, U3MEHSIONTUMHUCS B OUYE€Hb Y3KOM
uaTepBaie. C Apyroi CTOPOHEI, KaK yKa3aHo, (GopMy B pa3Mep Top MOXK-
HO M3MCHSATH MyTeM M3MEHEHUS COOTHOIICHHs Al / ruHaA B cUCTEeMe.
B pa6otax [19] u [23] yka3zaHo, 4TO HanboJiee BEPOSITHBIM KaTHOHOM,
Y4acTBYIOIIMM B (DOPMUPOBAHUH CTOJIOYATON CTPYKTYPhl MOHTMOPHJI-
nonuTta, apuasercsa rugpokcokomieke [AlizOs(OH)2(H20)12]"*. ABro-
pbl [24] ¢ nomomnpo AMP-CIEKTPOCKONNHU U MOTEHIIMOMETPUYECKOTO
TUTPOBAHUS PaCTBOPOB, cojiepkanux Al, ucmonb3yembix mpu MoAUGU-
[IUPOBAHUM TJIMH, JOKa3aJIH, YTO JOMUHUPYIOIIUM SIBIISIETCS OJIUTOMED
[Al1304(OH)24(H20)12]7*. D10 OATBEPKAAETCA COOTBETCTBUEM MEKIIIOC-
KOCTHOTO PAaCCTOSIHHSI CMEKTUTOB C BKITFOUCHHUSIMH THIPOKCOKOMITIICKCOB
ATFOMHHHUSA M 0°)KUJAEMBbIX pazmepoB Aljs-onmuromepa. IIpoctpancTBeHHas
CTpykTypa Aliz-onuromepa npeacrapiieHa Ha puc. 2.1.

Puc. 2.1. IIpoctpanctBenHas ctpykrypa noHa [Ali304(OH)24(H20)12]™

CBo¥iCTBa BBICOKOCEIIEKTUBHBIX MOJIEKYJISIPHBIX CUT MOTYT OBITh IPUCY-
1Y TOJIBKO MOJU(PUIIMPOBAHHBIM INIMHAM C PABHOMEPHBIM PACHpEICICHUEM
OKCHJIHBIX CTOJIOUKOB H, CJIEJOBATENIBHO, IOP B MEXKCIIOEBOM IIPOCTPAHCTBE.
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Takoe pacnpeenenue BOSHUKAET B T€X CIyJasx, KOrjaa B KauecTBe 0OMEH-
HOT'O KaTHOHA BBOJMTCS THAPOKCOKOMIUTEKC MeTaia, Hanpumep Zra(OH)s
v B 061mem Buje [Zrs(OH)16:(H20),+3]"". Hanbosiee gacto ynmoMuHaer-
cs1 popmyia [Zrs(OH)14(H20)10]*". Eif cCOOTBETCTBYET TETpaMETPUUECKHIA
KOMILIEKC (B BUE KBaJparTa), B KOTOPOM J[Ba aTOMa ITUPKOHUS HECYT 11O
OJTHOMY TIOJIOXKUTEIILHOMY 3apsify, a ABa APYrUX HEUTpabHbIe (puc. 2.2).

®/r QOH OHzO

Puc. 2.2. IIpocTpaHCTBEHHOE CTPOCHUE
nomruapokcokommiekca [Zra(OH)14(H20)10]*

Takoii 0TMrOMEpHBII KaTHOH C TOIIMHOM 0Kk0J10 4,5 A MosxeT 06pa-
30BBIBAaTh B MEKIUIOCKOCTHOM MPOCTPAHCTBE MOHTMOPHJUIOHNUTA IBOMHOM
CJION MJIOCKO PACIIONIOKEHHBIX KOMIIJIEKCOB JINOO OJIMHOYHBIH CIIOH, B KO-
TOPOM KOMILIEKCHI paciiojlokKeHbl HOPMAJIbHO K TOBEPXHOCTH IJIOCKOCTEN.
B o6oux ciydasx oxugaeMoe KpUCTaUIOrpapruecKoe MEKIIIIOCKOCTHOE
paccTosiHEE MOHTMOPUILIOHUTA COCTaBNIsAeT okono 19 A u onpenenuts
Han0oJIee BEPOSITHOE PACIIOIOKEHUE THIPOKCOKOMIUIEKCOB TPYAHO.

B nuteparype BcTpedaeTcs TakKe ONMMCAHUE TPUTOTOBIEHUS CTOJI0-
YaTbIX MNIMHUCTBIX CTPYKTYP METOJIOM (POPMHPOBAHUS THIPOKCOKOMILIEK-
COB-CTOJIOMKOB HETIOCPEICTBEHHO B MEYKCIIOEBOM MPOCTPAHCTBE MUHEpAJIA.
OOBIYHO 3TO MPOUCXOAUT B PE3YJIbTATE THAPOIN3A 3apaHee aIcopOrupo-
BaHHBIX [NIMHOW KaTHOHOB METalJIa MO/ ACUCTBUEM MOBbIIatonierocst pH
Cpeabl WU JpyTrux GaKkTopoB (Hanpumep, NOBbILLIEHHs TeMiiepaTypsl). Ofi-
HaKO CJIEAYyeT OTMETHUTb, UYTO HEJIb3sI IPOBECTU YETKYIO TPAHUILY MEKIY
JTAHHBIM METOJIOM M ONMCaHHBIM BhIIIE [22]. B mo6om ciydae aacop0-
1S IPOUCXOJIUT U3 BOJHOIO PaCTBOPA U aICOPOMPOBAHHBIC HA TOBEPX-
HOCTH CJIO€B KaTHOHBI B OOJIBIIEH WIIM MEHbIIEH CTENEHU THAPATUPOBAHbI.
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B uctounuke [25] onucaHo mojsy4yeHuEe MOHTMOPHUJIOHUTA C TH/I-
POKCOKOMILIEKCAMHU ITUPKOHMUSI B KaU€CTBE OOMEHHBIX KATHOHOB ITYyTEM
no6asienus pazdasierHoro (0,1 M) pactBopa ZrOCly-8H>O k BogHOM
mucnepcu Na-MOHTMOPWIJIOHUTA, OTCTAaUBAHUS TUCTIEPCUU C TIOCTIETY-
IOIIUM OTJIEJIEHUEM, IPOMBIBKOM U BBICYIIMBAHHEM MPOAYKTA.

B ucrounuke [26] onrca”o nojry4eHue MOHTMOPHWIZIOHUTA, MOJIH-
(GULIMPOBAHHOTO THAPOKCOKOMIJIEKCAMU HUKEJIS. ABTOPBI UCIIOIh30Ba-
JIM METOAMKY MOTEHIIMOMETPUYECKOTO TUTPOBAHMUSI, 3aKITFOHAIOIIYIOCS B
cienyromniemM: Na-MOHTMOPUJUIOHUT AUCTIEPTUPOBAIICS C TOMOIIBIO YIIb-
TpasByka B 0,1 M pactBope Ni(NOs).. [TomyueHHas cycrneH3us MOTeH-
IUOMETPUYECKU TUTpOoBaiack pactBopoM NaOH, npuuem uzmepenue pH
MPOBOUIIOCH Yepe3 CYTKH TOCIie JOOABIEHUS OMPEEICHHOr0 00beMa
menoun. Takor METoJ UCCIEIOBAHUSI COBMECTHO C XMMUYECKUM aHa-
JM30M 00pa3LoB MO3BOJIMII aBTOPAaM CHENATh HEKOTOPHIE 3aKIIFOUECHHUS.
[To nx MHEHHIO, YK€ B OTCYTCTBHUE IIETI0YU MPOUCXOIUT HOHOOOMEHHAs
afcopOLUsl KATHOHOB HUKEJSI B MEXKCIIOEBBIX 00JACTAX MOHTMOPUILIO-
HUTA. A B JaJibHEHIIEM TIpu NoBbIieHuU pH ¢ yaeTom runponusa dop-
MHUPOBaHHUE TUIPOKCOKOMILIEKCA B MEXKCIOEBOM MPOCTPAHCTBE UJIET TIO
CJIEIYIOIIEHN CXEME:

[Ni(OH); - mH20]0’32+ + Ni?" + 2H,0 — [Nix+1(OH)4s2x mHzO]0732+ +2H,

Y IPUBOJMT K 06pa3zoBanuio KoMmiekcos [Niz(OH)s os(H20)0,32]%3".

Taxue mpeanonoxeHus MoATBEPKIAI0TCS PEHTIeHOTpahUIECKUMU
JTAaHHBIMHU.

Kak y’ke roBopuioch BblllI€, CBOWCTBA aJICOPOUPYEMBIX MUHEPA-
JIOM THJIPOKCOKOMIUIEKCOB BO MHOTOM 3aBHUCST OT BPEMEHH HX CTapEHUSI.
B pabote [27] onucan cnocod MoAu(pUIMPOBAaHUS MOHTMOPHIIJIOHUTA,
B KOTOPOM 3TO BpeMs IPAKTUUECKHU CTPEMUTCS K HYJIIO, T. €. acopouus
MIPOUCXOIUT B MOMEHT 00pa3oBaHus THAPOKCOKoMILIekcoB. Crioco0b 3a-
KITII0YaeTcs B J00ABICHUH PacTBOPA COJIM AIFOMHUHHMSI K BOJHOW AHCTIEP-
CUM MOHTMOPWJUIOHUTA, COAEpKalei onpeeneHHoe kommuecTBo NaxCOs.
Takas MeToaMKa, KaK yKa3bIBae€TCs, IO3BOJISET UCKIIOUYUTE GAKTOP U3-
MEHEHHS COCTaBa OCHOBHBIX COJICH BO BPEMEHU, HE OTPAHUYUBAET CO-
otHourenuss OH/AI*" u3-3a Mas0if pacTBOPUMOCTH OCHOBHBIX COJIEH,
KOTOpBIE B JAHHOM Cllydae COpOMPYIOTCS] Ha TOBEPXHOCTU MOHTMOPHJI-
JIOHUTa B MOMEHT MX oOpa3oBaHusa. Ha ocHOBaHUU COpPOLIMOHHBIX HC-
CIIeIOBAaHUH 00PAa3LIOB, MOIYyYEHHBIX OITMCAHHBIM METOIOM, U IAHHBIX PEHT-
TeHOCTPYKTYpPHOT'O aHaJIM3a aBTOPbl paboThI [27] caenanu ciexyromui
BBIBO/JI: MIPY B3aUMOJIEHCTBUU MOHTMOPHIJIOHUTA C OCHOBHBIMH COJISIMU
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IIOMUHUS B MOMEHT UX 00pa30BaHus MOCIIETHUE COPOUPYIOTCS TOIBKO
Ha BHEIIHEN OBEPXHOCTH MUHEpaa.

B GonbmMHCTBE CiTydaeB BBICYIITMBAHHE 0OPA3lOoB MOAUMUIIPO-
BAHHBIX TJIMH MPOBOJIWIIOCH Ipu Temnepatypax ot 60 mo 120°C. Haxe
P TAaKKX HEBBICOKMX TEMIIEPATYpax B MEKCIIOEBBIX 00JIACTIX CMEKTH-
TOB UMEIOT MECTO 3HAUUTEILHBIC U3MEHEHHUS: TPOUCXOJIUT JIETHApATAIUS
3a cYeT c1a00 CBA3aHHBIX MOJIEKYJI BOJIbI KaK B MEKCIIOEBBIX POMEKYT-
KaX, TaK U Ha TIOBEPXHOCTHU YacTHUIl MuHepasa. [lotepst Maccel npu sToM
cocTaBisieT 0KoJo 16%.

[Tpu Gosiee BHICOKUX TeMITepaTypax MPOUCXOIST JerUapaTaIus u ie-
THJIPOKCHIIMPOBaHKE. ABTOPBI ICTOYHMKA [25 | MPOBOIMIIA TEMITEPATYPHYIO
00pabOTKy MOHTMOPUIIOHUTA, MOJU(PHUIIMPOBAHHOTO THPOKCOKOMITIECK-
camu nupkoHus B unTepBaiie 60—600°C, 1 mokazajin, 4To MEKIIOCKOCT-
HOE PacCTOSHUE TIPU ATOM PABHOMEPHO cHMKaeTcsi oT 18,8 10 15,6 A, a
yZeNbHas OBEPXHOCTH (110 N2) CTaHOBUTCS MakcuManbHOH (400 M*/T) mpu
400°C. ITo MHEeHUIO aBTOPOB, B uHTEpBaIe Temnepatyp 110—-480°C npo-
MCXOJUT OTLIEIIJIEHUE MOJIEKYJT BObL, TPOYHO CBSI3aHHBIX C KATHOHAMU
[UPKOHMUSI, U PA3JI0KEHUE TUIPOKCUIA IIUPKOHUS, a ITPU 00JIee BRICOKUX
TeMIIepaTypax HAYMHAIOTCS] U3MEHEHUS B CAMOU CUJIMKATHOM CTPYKTYpE.

[Ipu uccienoBaHY MOHTMOPHIJIOHUTA, MOIU(PUITUPOBAHHOTO TH/I-
POKCOKOMILIEKCAaMH HUKENS [26], oTMedaliach YCTOMYMBOCTh MEXKILIOC-
kocTHOro paccrosinusd (14,8 A) npu nporpese 10 300°C u ymeHbIIeHNE
ero mo 12,1 A nipu 500°C.

Tepmuueckasi cTaOUIBHOCTh CMEKTUTOB CTOJIOUATOU CTPYKTYPHI,
BKJTIOYAIOIIUX ITUPKOHUH U aTFOMUHUHN, 00BACHIETCS 00pa3oBaHUEM TIPH
HarpeBaHUM KJIaCTEPOB OKCUIOB ATUX METAILJIOB, CojiepKalux 4 atoma Zr
win 13 atomoB Al

B cnyuae Ali3-MOHTMOPHJUIOHUTA TIPOLIECC ACTUAPATAIIMU MOXKET
OBITh BBIPAKEH CICAYIONIEH CXEMOM:

Al1304(OH)zs + 8 =" — 6,5A1,03 + (3 — n)H20.

CtpykTypa 00pa3yromux Ipyu 3TOM KJIACTEPOB OKCHA IMOKa MaJlo
M3y4€Ha, KaK ¥ poJib MPOTOHOB. B nctounuke [26] npenmnonaaraercs, 4to
crabunuzarnus nopuctoit cTpykrypsl npu 200-300°C conpoBoxmaercs
MOCTEMEHHBIM U3MEHEHUEM XapaKTepa CBSI3ed MEXKAY OJUTOMEPHBIMU
TPYNIUPOBKAMH U CIOSIMA MOHTMOPHUJIJIOHUTA OT MIOHHOTO K HOHHO-KO-
BaJICHTHOMY.

ABTOpBI paboTHI [28] IPOBEIH CpaBHUTENLHOE UCCIIeTOBaHNEe Na-MOHT-
MOpPUILIOHHTa, MOaH(uIpoBanHoro kKomruiekcamu [Ali304(OH)(H0)12]™
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1 [Ale(OH)12(H20)12]%". Bo BTOpOM citydae cOpOEHT MmoKa3a O60IbIIyIO
TEPMUYECKYIO0 YCTOWYMUBOCTh U OOJBIINI 00BEM MUKPOTIOP.
dopMupoBaHUE CTOIOYATON CTPYKTYPHI B TIIMHUCTBHIX MUHEpaJIax
ONKMCAHHBIMU BBIIIIE METOJAAMH MTPUBOAUT K MPEOOPA30BAHUIO UX JBYX-
MEPHOM CIIOMCTON CTPYKTYPHI B TPEXMEPHYIO IIEOJUTIIOA00HYIO CTPYK-
Typy. [Ipruem 0CHOBHBIE TTapaMeTPhI TAKOU CTPYKTYPBI — pa3Mep Iop, UxX
dbopma 1 pacmpeeneHne — MOTyT 3a1aBaThCsl B TIPOIIECCE CUHTE3A U U3-
MEHSITHCS B IIUPOKUX TIpeienax. DTH OCOOCHHOCTH OTPECIISIOT UCTIONh-
30BaHHE TIWH CTOI0YATON CTPYKTYPHI B KAUECTBE N30MpaTEIHHBIX KaTa-
JIM3aTOPOB, BEICOKOCETICKTUBHBIX aICOPOCHTOB, MOJIEKYJISIPHBIX CUT H T. II.

B 1979-1980 rr. aBTOpHI pab0THI [29] OOHAPYKHMIIM Y TIIUH CTOJI0YA-
TOU CTPYKTYPBI, MOAU(DHUITMPOBAHHBIX THIPOKCOKOMIUIEKCAMH METAJLIOB,
KHCJIOTHYIO KaTATUTUICCKYIO aKTUBHOCTh U CBOMCTBA MOJICKYJISIPHBIX CHT.
Taxk, mpu ucnonb3oBaHuu Al- 1 Zr-MOHTMOPUJUIOHUTOB B Ka4eCTBE Ka-
TaJIN3aTOPOB KPEKMHTa HEPTH OBLI MOJTYUYEH MOBBIIICHHBIH, 110 CpaBHE-
HUIO C [IEOJTUTHBIMU KaTaJIN3aTOPaMHU, BBIXO] JETKUX (Dpakiuii (au3enb-
HOTO TOTUTMBA). B 3TOM %Ke cTaThe aBTOpamMu ObljIa OTMEUEHA CIIOCOOHOCTh
Al13-MOHTMOPHIIJIOHUTA aJICOPOUPOBATH U30UPATEIILHO MOJIEKYJIbI ME3H-
TeJIeHa U3 CMECH €T0 ¢ U30yposioM. KuHeTndeckue paanychbl 3THX MO-
nexyn coctapisiior 3,8 u 4,0 A, cooTBeTcTBEHHO.

CBoliCTBa BBICOKOCEIEKTUBHBIX MOJICKYJISIPHBIX CHT MOTYT OBITh ITPH-
CYILIY TOJIBKO MOJAU(PUIIMPOBAHHBIM TJIMHAM C PABHOMEPHBIM pacIipe/ie-
JIEHUEM OKCHJHBIX CTOJIOMKOB M, CIEAOBATEILHO, MIOP B MEKCIOCBOM
npocTpaHcTBe. Takoe pacnpeneicHIue BOSHUKAET B TEX CIIydasxX, KOTIa B
KayecTBe OOMEHHOT0 KaTHOHA BBOAMTCS TUIPOKCOKOMILIIEKC MeTalljIa (Ha-
npumep, Zr4(OH)g). ITpu 3TOM cpenHuii 3apsia JaHHOTO KaTUOHA MOXKET
MEHSATHCSI B 3aBUCUMOCTH OT CTETICHH TUPOJIN3a U TUIOTHOCTH OTPHIIa-
TEIBHOTO 3apsi/ia Ha TOBEPXHOCTH MHHEpasa, Ha KOTOPOU OH aJcopOupo-
BaH. JTO NMPUBOAUT K PABHOMEPHOMY, PaBHOYAAJIEHHOMY PACIIOJIOKEHUIO
aJICOPOMPOBAHHBIX THIPOKCOKATUOHOB KaK B OJTHOM CJIO€, TaK U OT CJIOS
K ci1010. O0BEM MOP B CTOIOUYATOMN CTPYKTYpE TAKOTO POJA MOXKET Baph-
UPOBATHCS MTyTEM IPUMEHEHUS PA3TIMYHBIX MOAUDUIIUPYIOITNX THIPOK-
COKATHOHOB 1 00PA3I0B IIMH C Pa3HOM TUIOTHOCTHIO 3apsi/ia Ha CHIINKAT-
HBIX CJIOSX. Tak, HalpuMep, ¢ UCTIOJIb30BAaHUEM CMEKTUTOB C OOMEHHOM
eMKocTbh0 OT 0,6 10 1,2 Mr-akB/r nmoaydensl 00pa3ubl Alj3-CMEKTUTOB,
N30HMpaTeIIbHO COPOUPYIOIINX a30T, OCH30JI K HeoleHTaH [22].

K gucny metannoB, cnocoOHBIX 00pa30BBIBATH OJUTOKATHOHBI, OT-
Hocutcs Takke Cr. [lomydeHHBIA U3 HUTpaTa XpoMa U TUAPOKCHIA aM-
MOHUS PACTBOP MUMEET (PHOJIETOBBIN IIBET U COJACPIKUT OJTUTOKATHOHBI
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Cr** [Cra(OH)e(H20)11]%" mmm [Cra(OH)6(H20)10]*". ®ukcupoBaHHbIii Ta-
KMM PacTBOPOM OEHTOHHUT 00JIaAeT YAEIbHOM IIOBEPXHOCTRIO 165 M2/T,
ME3KCII0EBOE PAcCTOSIHHE TIpU 3ToM cocTapiseT 12—14 A. TIposesienHbIe
B pabote [30] uccienoBanus MoKas3aiM, 4YTO MHTEpKaaupoBaHHble Cr-
coziepkarue o0pasibl TIIMH XapaKTEPU3yIOTCs OMMOJaTbHBIM pacipe-
nenenuem mop 89 u 2000 Ac npeo0IalaHieM TTOp MAKPOCKOTTUIECKUX
pasMmepoB. B nurepaType Takke UMEIOTCS JaHHBIE 00 MCIOJIb30BaHUU
COEMHEHUM, COIEPKAILNAX Cr*' B kauecTBe dbukcupyromux areHToB [31].
N3 paboT no noayyeHuto U u3y4eHuro cBOMCTB Cr-(hUKCUPOBAHHBIX CMEK-
TUTOB CJIEAYET, YTO B 3aBUCUMOCTH OT YCJIOBUW CHHTE3a MEXKCIOECBOE
paccTosiHMe HaXOAuTCs B pesenax 18-28 A.

KpoMe paccMOTpeHHBIX BBIIIIE HEOPTAHUYECKUX OJIMTOMEPOB, IS
CIIIMBKU MIPUMEHSIOT TAK)KE COCIMHEHUS PYTEHUSI, UCIIOJIb3yEMbIC B BUJIC
nommmMepa RuO; [32], [RusO(NH3)14]Cls - 4H,0O [33], [Ru(NO)(NH3)5]Cls - 4H,O
wi [(NH3)sRu(NH2)2Ru(NH3)4]Cls - 4H,0; Ca?* [34]; onuromepsl BaHa-
nws [35]; 30mm Th*" m turana, nomygaemsie u3 TiCls [36, 37]; Ga** [38];
Ho [39], [BicO4(OH)4]™" [1], [Bis(OH)12]°" [2].

Ha puc. 2.3 npencraiieHa CTPYKTypa HNOJIUTHAPOKCOKOMILIEKCA
[Bis(OH)12]%".

[Bis(OH)12]¢*

Puc. 2.3. I[IpocTpaHCTBEHHOE CTPOEHNE
nomruapokcokommmiekca [Bis(OH)12]¢

Kak u3BeCTHO, BO MHOTMX KATAUIUTHYECKUX PEAKUUAX TPUMEHSIIOT
TJIMHBI B PA3JIMYHBIX KATHOHHBIX (hOpMax.
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OOBIYHO IIIMHY NEPEBOJAT B HYKHYI0 KATHOHHYIO (POpMY, TIOCTIE YEro
ee MPUBOST B KOHTAKT C PACTBOPOM I'MIPOKCOKMILIIEKca MeTaiia. B psiae
CJIy4aeB MPOIIECC CHHTE3a OCYIIECTBISIOT B 0OPaTHOM MOPSIKE, T. €. CHA-
yaJjia Mojay4yaroT CIIUTBHIA CMEKTHUT, a 3aTeM MEPEBOIST €ro B HY>KHYIO
HOHHYIO (OpMY MyTEM 3aMelIeHUs HE YYaCTBOBABIINX B (POpPMHUPOBa-
HUU CIIOMCTO-CTOI0YATON CTPYKTYPHI MEXKCIOEBBIX KaTHOHOB. Hampu-
Mep, BBOJIIT B MOHTMOPWIOHHUT, UHTEPKAJTUPOBAHHBIN onuromepamu Alis,
nonbl Rh*" u3 pactBopa RhCl3 [40]. JlaHHbIi METOJ HE CIELYET IIyTaTh
C OOBIYHOM METOJIUKON MPOMUTKN HOCUTENIEH KaTain3aTopoB [41].

Kak oTrmeuaet 607b110€ YUCIIO UCCIEN0BATENEH, OTHUM U3 OCHOB-
HBIX HEJIOCTAaTKOB CYIIECTBYIOIIMX METOJOB CUHTE3a HHTEPKAIUPOBaH-
HBIX CMEKTUTOB SIBJISIETCS HEOOXOIMMOCTb HCIIOJIb30BaHUs OOJIBIINX 00b-
€MOB pa30aBJICHHBIX IIMHUCTBIX CYCIIEH3UI U OJTMTOMEpoB. B aToM 11ane
OOJIBIIION MHTEPEC MpeacTaBiseT padora [42], B KOTOpOW OMUCAaH METO/]
MOJTy4EeHUS aJICOPOCHTOB HAa OCHOBE MPUPOJHOTO MOHTMOPHIIJIOHUTA ITY-
TEM 3aMELIEHHS MEKCIIOEBBIX OOMEHHBIX KATHOHOB UCXOHOTO MUHEpasa
Ha MOJIUTUIPOKCOKOMITIIEKCHI AIFOMUHHUS C UCTIOIb30BAaHUEM KOHIICHTPH-
POBAHHBIX BOJHBIX TUCTIEPCHM TIMHBI pu cooTHomenun T /XK =1/12,
YTO MO3BOJISIET CHU3UTD PACXO/1 )KUJIKOU (pa3bl, yMEHBLIUTh SHEPTreTHYE-
CKH€ Y BPEMEHHBIE 3aTPaThl IPU COXPAHEHUHU BBICOKHMX a/ICOPOLIMOHHBIX
Y DKCIUTYTAIIMOHHBIX XapaKTEPUCTUK MOJIyYaeMbIX aJCOPOCHTOB.

2.4.2. I'THBI, UHTEPKATUPOBaHHbIE reTeposifepHBIMU I10JIN -
CUPOKCOKOMIUIEKCaMU. PUKCUPOBAHUE IIIHH C IOMOILLBIO TOMOSIIEP-
HBIX OJIUTUIPOKCOKOMILIEKCOB MMO3BOJISET MOJIy4aTh CTAOUIbHBIE TIIUHBI
CO 3HAYUTEIBHBIM CBOOOHBIM MPOCTPAHCTBOM MEXKITY CIOSIMHU, OJTHAKO
YHUCJIO0 METAJIJIOB, CHOCOOHBIX 00Pa30BbIBATH OJIUTOMEPHI, OTPAHUYEHO.
Kak BumHO W3 mpenpiaymiero pasaena, 3To B ocHoBHOM Al, Zr u Cr, o
IpyTruX GUKCUPYIOIIUX areHTaX YIOMHUHAHKE B JIUTEPAType BCTpEUaeTC s
sanu30auuecku. [103TOMy M3BICKUBAIOTCSI MYTH PACIIUPEHUS] UX YUCTA.
B cBsI3u ¢ 3TUM IIPEATIOKEHO UCITOIB30BATh PA3IMYHBIE €TEPOSIIEPHBIE
KOMIUIEKCHI, Hanmpumep conoyimmepsl Al-Zr u Al-Si [43]. B pabote [44]
OBLJIO M3YYEHO BJIMSHUE BBEJECHHBIX B MOHTMOPWJUIOHUT CMEIIAHHBIX
onmuromepoB S102-T10; u S10;2-Fe>O3 Ha aacopOLMOHHBIE U KHUCIIOTHBIE
CBOICTBA MOJIy4aeMbIX 00pa3LIoB.

[IpumMeHeHre B KaYeCTBE CUIMBAIOIINX ar€HTOB CMEIIaHHBIX MOJIH-
THJIPOKCOKOMITJIEKCOB TTO3BOJISIET MOBBINIATH HE TOJIBLKO MEXKCIIOEBOE pac-
CTOSIHHE U aJICOPOLIMOHHBIE MapaMeTphbl, HO U CYIIECTBEHHO BJIMAThH Ha
TEPMOCTAOUIILHOCTh MOJIyYaeMbIX MaTE€PUAJIOB, YTO YCTAHOBIIECHO TPH
n3yuennn cucteM Al-Cr u Al-Ni.
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B nporecce uccnenoanus cucrembl Al-Ga [45] ObU10 yCTaHOBJIEHO,
YTO CHUJIBHOE BIIMSHUE HAa TEPMOCTAOUILHOCTh HHTEPKAIIMPOBAHHBIX T'e-
TEPOSIEPHBIMU COCIMHEHUSIMU TJIMH, KpPOME KOHLEHTPAIUU U CTETICHH
OCHOBHOCTH, KaK B CJIy4ae UCIOJIb30BAHUS TOMOSIIEPHBIX KOMIUIEKCHBIX
COEJIMHEHH, OKa3bIBA€T COOTHOLIEHHE METAIJIOB-KOMITJIEKCOOOpa30Ba-
TEJEN B COCTaBE KOMIUIEKCA.

B pabote [46] paccMOTpeHBI pa3IMyHbIE CIIOCOOBI MOTYYEHUS MO-
mupunupoBanHbix onuromepamu Al-Ce u Al-La roun:

1) BBeneHue Alj3-KaTHOHOB B IJIMHBI C IPEIBAPUTEIBHO BBEICHHBIMU
katnoHamu Ce nnu La;

2) yacTu4HbIA 0OMeH Al Ha KaTHOHBI PEAKO3EMEBHBIX 3JIEMEHTOB
B pacTBOpax, yxe copepkaniux nonsl Kerruna ([Ali3O4(OH)24(H20)12]7);

3) COBMECTHBII TUIPOJIN3 coequHEeHn Al U peKo3eMeNbHbIX 3Jie-
MEHTOB.

Ha puc. 2.4 u 2.5 npencraBiieHbl CXeMbl BHEAPEHUS] CMEIIaHHBIX
OJIMTOMEPOB B CTPYKTYPY TIIMHUCTHIX MUHEPAJIOB.

CuiMKaTHBIN N CHUNIUKATHBIN
cIloit CUIUKaTHBIN

CIIOH
O O O . +=*». lIpombiBKa

CI/IHI/IKaTHI)H/I Fex(OH)ySI ‘.. . ‘:‘ PP JE 3 "‘- ‘0' KHCHOTOﬁ
—_—

[ ()%

s
7 0 u *
ciion s T o ‘*; o t_; e,
ONO®) IR
Yens’  le®  taans? "
C N CHIUKaTHBIN
WINKATHBIN i o
r CUIUKaTHBIN 10
cJon CIIOU

[TocTuHTepKanupoBaHue

CUJIMKaTHEINA CIIOU CUIHKATHEL CIOM

Kansuuauposanue
< —
CHIMKaTHBINA CIIOH CHUIUKaTHBIN CIION
“I."
+ . . Opragnyeckui
Na"won  Fex(OH),SiO2 SiOz-uacTurpr p
KOMIIOHEHT

Puc. 2.4. Cxema nHTEpKAIMPOBAHUS IITMHUCTOIO MUHEpasa
cMmenranHbIME onrromepamu Si02-FexO3
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CUJIMKaTHBIE CIIOU

@Oz

Si02-TiO2

Si02-TiO2

Puc. 2.5. Cxema uHTEpKaIUpOBaHUs TIIMHUCTOIO MUHEpPaJa
cMmemaHHbIMK osturomepamu Ti02-Si02

[TokazaHo, 4YTO MHTEPKATUPOBAHNE CMEIIIAHHBIMI KOMIUTICKCAMH TTPH-
BOJIUT K YBEIIMUCHHUIO MEKCIIOCBOTO PACCTOSHUS U yACIBHOU TTOBEPX-
HoctH 110 300—-500 M?/T, HO He Bcera K MOBBIIIEHUIO KUCIOTHOCTH, KO-
TOpasi yObIBaeT JJIsl MCCIIeA0BaHHBIX 00pa3ioB B psaay: TiO2 = Si0; >>
>> §1072-FexOs3 u S10,2-T10s.

Ha ocHOBanum ricciieioBanus (GU3NKO-XUMHUIECKUX CBOMCTB MOJTY-
YEHHBIX 00pa3Il0B M X KATAIUTHUYECKON aKTHUBHOCTH B MU30MEPHU3AIUU
U KPEKUHTa n-rernTaHa ObLIO BBICKA3aHO MPEANOI0XKEHUE O 1eJIeC000-
Pa3HOCTH UCIOJIb30BAHUSI COBMECTHOTO TUIPOJIN3a ISl TTOTYyUYCHHS Ma-
TEPHAJIOB C ONITUMAJILHBIMH XapaKTEPUCTUKAMMU.

bbuH IpUTOTOBJIEHBI TAK)KE CTOJIOYATHIC TIIMHBI ¢ BHEAPCHHBIMU
gactunamu 3051 S102-Ti02 [46]. Ha ocHOBaHMYM TPOBEJICHHBIX B ATOM
paboTte uccieq0BaHUN MPEIOKEeHA MOJICNIb CTPOCHUS TOJTYYEHHOTO
ancopoenTa. CorjacHo NMPUBEICHHBIM JaHHBIM MOJIU(PUITTPOBAHHBIN
CMEKTHUT UMEET PACCTOSHHUE MEXAY 0a3albHBIMU IIocKocTAMHU 40 A,
KOTOpO€ coxpaHsaeTcs npu HarpeBanuu 10 5S00°C.

KpoMme paccMOTpeHHBIX OHSIICPHBIX KOMILICKCOB, IS (PUKCAITUN
[JIMH UCIOJB3YIOT COEUHEHUS C OOJIBIINM KOJTUYECTBOM METAJIOB-
KOMIUIEKCcOoOOpa3oBareneil. J{Jis mpuroToBIeHUs! BHICOKOCEIEKTUBHOTO
KaTanu3aropa KpEeKWHTa ra30iis ObLT CHHTE3UPOBAH U MPUMEHEH B Ka-
yecTBe (PUKCUPYIOMIETO areHTa CMEIIaHHBIN MOJIUTHIPOKCOKOMITIICKC
Al-B-Mg [47].

N3BecTHO Takke 00 UCTIOIB30BaHNH B Ka4eCTBE (PUKCHPYIOIIIETO areH-
Ta KOMITJIEKCOB, COACPKAIIMX Pa3TUIHbIC KOMOMHAITUH HOHOB MTEPEX0/I-
HbIX MeTaiioB (Mo, Cr, Ni, Co, W u a1p.) [ 1], 4TO TTO3BOJISIET B IITUPOKUX
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npejenax peryJaupoBaTh Mexcioeoe paccrosuue (10-35 A) u 3naue-
HHS yIelbHOM nmoBepxHocTH (200—700 M%/T).

PestoMupys BbllliecKa3aHHOE, OTMETUM, YTO OJTHOW U3 BaXKHEHIINX
po0IeM Py MPOBEICHUH COPOIIMOHHBIX M KATATMTUYECKUX MTPOIIECCOB
SBJISIETCS] CHIDKCHHE aKTUBHOCTHU aJICOPOCHTOB U KaTaJIM3aTOPOB Ha OC-
HOBE TTIMHUCTHIX MUHEPAJIOB M3-32 YMEHBIIICHUS PA3MEPOB IIOBEPXHOCTH.
[ToaTOMy MOUCK HOBBIX MOIU(PUKATOPOB, OTIPEACIICHIE MEXaHU3Ma UX
JEUCTBUS HA MMOPUCTYIO CTPYKTYPY U TEPMUYECKYIO CTAOMIBHOCTH M03-
BOJIUT PACIIMPUTH TPAHUIIHI MPUMEHEHUS JTaHHBIX MaTepuaioB. B aToii
CBSI3M MPOBEJCH LIUKJI UCCIIEIOBAHUN 110 U3YYEHUIO BIUSHUSA UHTEPKA-
JUPOBaHMS OUsAIEPHBIMU KOMIUIEKCAMHU Ha OCHOBE kene3a (3+).

B paGoTax paccMoTpeHbl aicOpOIIMOHHO-CTPYKTYPHBIE CBOMCTBA U
TepMUUYecKasi CTAOUILHOCTh MOHTMOPWLIOHNUTA, MOAU(PUIIMPOBAHHOTO
oluromepHeiMu Komruiekcamu Fe-Zr [48], Fe-Ni [49, 50], Fe-Cr [51],
Fe-Al [52, 53], xene3a u peKo3eMeNbHbIX 1eMeHToB — In**, La*", Y37,
Ce’" [54], a Takxe cocrassl Ha ocHoBe Cr-Cu [55, 56].

Bbonee neransHO 0cOOEHHOCTH a7ICOPOITMOHHO-CTPYKTYPHBIX CBOMCTB
U TEPMHYECKON CTAOMIBHOCTH MaTEpUaIoB, UHTEPKATUPOBAHHBIX OU-
AIEPHBIMU KOMILIEKCAMHU Ha OCHOBE keine3a (3+), mpuBeAEHHI B TIL. 5
JTAHHOU pabOoTHI.
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I''TABA 3
BIINAHWE KOJNIONAHO-XUMHWYECKOI'O
COCTOAHNA NOHOB MHOI'OBAJIEHTHBIX
METAJIZIOB HA MOP®OJIOTHIO U ®A30BBIN
COCTAB X OKCUIHBIX ®OPM

== =S

Kak oTmedanoch BbIIIE, COCTOSHUIO THAPOIN30BAHHBIX (hOPM Iie-
PEXOJHBIX METAJIOB 10 HEJABHETO BPEMEHU YAEISUIOCH KpallHE Mallo
BHUMAaHUA. bobIIOM TOTUOK HCCIIeI0BAaHUSM B JAHHOW 00JIaCTH J1all OT-
KpbIThIl B 70-¢ rr. XX B. HOBBIN KJIAacC BEIIECTB, KOTOPHIA HA3BIBAIOT
cTosi0yaTeiMu cioucThiMU cuukatamiu (pillared sheet silicates), a Taxoke
nonepeyHo-cMTHIMU (cross-linked) ninn puKCHpOBaHHBIMU CIOUCTBIMU
CUJIMKATaMU. DTH BEIIECTBA OTHOCATCS K COEJUHEHHSIM BHEIPEHHUS.

OcHOBY HOBOTO THTIA (PUKCUPOBAHHBIX CJIOUCTHIX aATFOMOCHIINKATHBIX
aJICOPOCHTOB ¥ KaTaIM3aTOPOB COCTABHUIIM TIIABHBIM 00pa30M MPUPOJTHEIC
MOHTMOPHWJIJIOHHUTBI, CLIUThIE HEOPIrAHUYECKUMU MOJIUTUIPOKCOKOMILIIEK-
caMU MEePEXOIHbIX MeTaII0B. IHTEpec, MPOsIBIEHHBIN K U3YYEHUIO TU/-
POIM30BaHHBIX POPM, OBLIT 00YCIIOBIIEH MPEXKIE BCETO TEM, YTO O TAHHBIM
uccienaoBanuii [ 1], npupoaa noHa-KoMIuIeKCooOpa3oBartessi, KOHIICHTpa-
[IUY pEareHTOB, CTENIEHb OCHOBHOCTH # (kKonmnuecTBo OH -rpynm, mpuxo-
JISIIXCSI HA OJTMH HOH Me"") OKa3bIBAIOT 3HAYUTEIILHOC BIIMSIHAE HA CBOM-
CTBa MOJYYECHHBIX MaTEpPUAJIOB.

B npenpiayiei rmaBe paccMaTpUBaIMCh CIIOCOOBI TTOTYYEHUSI CITUTHIX
IJIMH, HO HEMAJIOBAKHBIM MOMEHTOM SIBJISIETCA ONPEIEIEHHE METaMOp-
(dur3Ma CIIMBAIOIIUX PEareHTOB MOJI TEIIOBBIM BO3/IeicTBUEM. B cBs3U
C BBIIIEU3JI0KEHHBIM B JAHHOM TJIaBE MPEACTaBICHBI MaTEPUAIIBI O TEP-
MUYECKUX MPEBPAIICHUSIX, YTO B MOCIEAYIONIEM MOXKET BIUSATH HA KO-
HEYHBIE CBOMCTBA CUHTE3UPOBAHHBIX CIIOMCTO-CTOJI0YATHIX MaTEPUATIOB.

C yuyeTom aHanmza 00beMa HCCIIEIOBATEIBCKUX PAadOT, MOCBSIIECH-
HBIX TIOJIYYEHHUIO CTOJIOUATHIX CIIOUCTHIX CUJIMKATOB, MOYKHO KOHCTAaTH-
pOBaTh, UTO OCHOBHAS Macca JaHHbIX MTOJYy4Y€HA IIPU UCIIOIb30BaHUU CO-
eAMHEeHUH amoMuHus okoo (75-80%).

Tem He MeHee MPeICTaBISAIOT 3HAYUTEIbHBIM HHTEPEC CJIOUCTO-CTOI0-
YyaTble MaTepUaibl, IOJYYCHHBIE HA OCHOBE JKEJIe3a U €r0 TeTePOSACPHBIX
COCUHEHUM.
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3.1. CoemuueHud Fe

B pab6ore [2] n3yueH mporiecc meaouHoro ruapoausa xemnesa (I111) B
HUTPATHBIX pacTBOpax. B 3aBUCUMOCTH OT COOTHOIIEHUS # (KOJTUYECTBO
OH -rpynn Ha oauH ol Fe*") onpenenen ps craauii mpu ero ruapoIIu-
TUYECKOM OCaXJ1eHHH u3 pactBopoB. Ha nmepsoii ctaguu (0 < n < 0,65)
110 MEPE YBEIMYEHUS 1 HAOII01aeTCsa YBEIMYEHUE KOIMYeCcTBa CBOOO-
HBIX HOHOB NO3™ B pacTBOpE, YTO CBUETEILCTBYET O POPMUPOBAHNH OU-
AJEPHBIX TMAPOKcoakBakoMIuiekcoB Fe**. B unrepsane 0,65 <n < 1,3
MIPOUCXOIUT MOJIMKOH IEH AU OUSIEPHBIX KOMIUIEKCOB € 00pa30BaHUEM
nosuruapokcokomiuiekcoB (1K), umeronux 1nemno4eunyio CTpykTypy.
DTOT NpoLEecC CONPOBOXKAAECTCS CBSA3bIBAaHUEM aHUOHOB NO3™.

[To nanubIM pabdoT [3, 4] npu rugposn3e pa30aBICHHBIX PACTBOPOB
coneit xenesa (I11) o6pasyercs GusaepHsIi kKoMmuieke coctaBa Fex(OH):* ag.
B ucrounuke [5] yka3zbiBaeTcsi Ha BO3MOKHOCTh (DOPMHUPOBAHUS HAPSTY C
OU- U TPEXBAAEPHOIO TMAPOKCOaKBaKoMILIekca coctaBa Fes(OH)s " ag.
HccnenoBanus moka3aiu, 4TO B KOHIIEHTPUPOBAHHBIX PACTBOPAX MPUCYT-
ctByeT HenpepbiBHBIN psia [1T'K xeneza (I11), conepxanux oT 0oAHOTO 10
NATUIECSITH aTOMOB Kene3a. PacTBopsl coneit xene3a (I11) npu nodas-
JICHUH I1I€JIOYHOTO areHTa CTaHOBATCS HeCTaOWIbHBIMU. B HUX HaOI10-
JTAETCS ¢ TEYEHUEM BPEMEHU 00pa30BaHMUE OCaJIKa U3 Pa3IUYHbIX OKCH-
ruapokcuaoB xkenesa (I11). B yvactuuHo HEUTpaTU30BaHHBIX PACTBOPAX
Hutpata xkenesa (I1I) aBropamu pabotsl [6] obHapyxken III'K cocraBa
[FesO3(OH)s]NOs, B paboTe [ 7] yka3siBaeTcs Ha popMHUpOBaHUE B OTH3-
KHX YCJIOBUSAX CTAOMIIBHOTO M0 XUMUYECKOMY COCTaBY MOJIMMEPHOTO CO-
eAMHEHHU S, UMEIOLIEro chepruuecKyto OpMy HaCTHUIl pa3MEPOM ~7 HM,
cinenytomero cocrara: [Fe(OH)«(NO3)3]s, Tie x = 2,3-2,5, an = 900.
[Ipu 3TOM mpeanonaraeTcs, 4To pocT MOJUMEPHBIX YACTHUIL OCYLIECTB-
JISIETCS Ty TeM MPUCOSANHEHUST OUSACPHBIX THAPOKCOAKBAKOMILIEKCOB.

B paMkax cymiecTByOmMUX MPEACTaBICHUN 0 KPUCTAI000pa3oBa-
HUU MTOJIMMEPHBIE MOJIEKYJIbI — CTPOUTENIbHBIN MaTepuall JJisl pacTyluX
KPUCTANIOB — CJIEyeT paccMaTpUBaTh KaK KpUCTAI000pa3yroliue
komiuiekchl (KOK), a mporiiecchl Ux B3aMOACMCTBUS U TOJIMMEPU3ALIIT
MPEACTABISAIOT HE YTO UHOE, KaK PoCT KpucTtawuioB. [Ipu BcTpauBanuu
KOK B MOBEpXHOCTHBIN CJION KPUCTAIIOB IPOTEKAIOT XUMUYECKHUE pe-
aKIuu (B JaHHOM cJTydae OJISIIUY U JIETUapaTalium), B pe3yibTaTe KOTO-
pBIX POPMUPYIOTCS KOOpAMHAIIMOHHBIE cBsi3u MOHOB MeTaimia KOK c
MaTpuiien. [ ux akTuBanuu He0OX0IUMO 3aTPATUTh SHEPTHIO F, BEJH-
YIHA KOTOPOH B MEPBOM IIPUOITMKEHUH TPOMOPIIMOHATIBHA YUCITY CBSI3EH,
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00pa3yeMbIX KOMIUIEKCOM € KpUCTAIOM. BeneacTsue 3Toro BEposiTHOCTh
BcrpauBanus KOK ymensaercs ¢ ysenmuenrem ux pasmepa. Ha puc. 3.1
B [TOJIM3IPUYECKON HHTEPIPETALMH IPUBEACHA IPOCTPAHCTBEHHAS KOH-
burypanus noiusaIepHbIX MOJIEKYJI C YUCJIOM HOHOB kefe3a 2—5.

Puc. 3.1. [lonusanepHble KOMILIEKCHI C YUCIIOM MOHOB Xeje3a 2—5

Kommiekcel ¢ 4ncioM HOHOB KOMITJIEKCooOpa3oBareneit bosee 3 xa-
PaKTEpU3yIOTCSI HECUMMETPUYHBIM PaCTpe/IeICHUEM JIMTAH10B (THUIPO-
KCHJIBHBIX TPYIII U MOJIEKYJI BOJIbl) OTHOCUTEIBHO TIJIOCKOCTH, TPOXO/Is-
1iei yepe3 OCHOBaHUE OUNUpamMubl, a OUSIECPHBIA THAPOKCOKOMITIIEKC
CUMMETPHUUYEH U UMEET JBE INIOCKOCTH 3€PKaJIbHOIO OTPAKEHHUS U LIEHTP
nHBepcuu. [lockonbky npu BetpanBanuu KOK B MOBEpXHOCTHBIE CITOU
KpHUCTaJIJIa JOJKHBI BHITOIHATHCS ONPEIETICHHbBIE OPUEHTALIMOHHBIE COOT-
HoteHus mexany KOK u kpucramnom, a Takke ¢ y4eTOM MOCTyNaTeNIbHOMN
u BpaujarenbHoil aktuBHOCTH KOK B pacTBOpe noj AeiiCTBUEM TEMIOBOTO
JBU>KEHUSI MOKHO CJI€JIaTh BBIBOJI O TOM, YTO BEPOSITHOCTH BCTPaUBaHUS
KOK tem 6o:b111€, 4eM Bhiliie ero cumMeTpusi. CiieioBaTesibHO, Hanbosee
BeposaTHBIM KOK, 00pazyroiumcst npy ruIpOAUTAYECKOM OCAKICHUN TH/T-
poxcuna xxenesa (I11), spisieTcst OusiiepHbIN THAPOKCOKOMITIIEKC COCTaBa
Fex(OH)s - 4H>0, uto cornacyercsi ¢ SKCIepuMEHTATbHBIMU TAHHBIMU [ 7].

[Ipu panbHeiilieM yBeIWYEHUM 1 HAONIOAAETCS 3aMeJieHue 00-
MEHa MEX]Iy MOJICKYJIaMH PACTBOPUTENSI U KOOPJAUHAIIMOHHOM chepoit
MOHOB MeETajlsla, BhI3BaHHOE 00pa30BaHHEM OOBEMHBIX YACTHUIL 30JI U
MOSIBJICHUEM BOKPYT YaCTHIL 30JIs1 3aPSKEHHOTO CJI0A U3 aHMOHOB NO3™.
[Ipu n > 2,7 cucrema nepexouT B TETEPOr€HHOE COCTOSTHUE U HAaUMHA-
eTcs npoiiecc BeinageHus ocaaka Fe(OH)s.

B ncrounuke [8] paccMOTpeH BO3MOXKHBIN MEXaHU3M 00pa30BaHMUs I10-
JUMEPHBIX YacTull ruapokcua xkenesa (I11) mpu rungponutudeckom oca-
YKJIEHUU U3 COJIEBBIX PACTBOPOB JJIs pa3IMUYHbIX 3HaueHuit pH pacTBopa.
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B menounoii obnactu (pH > 7) Ha mepBoM 3Tare B pe3yibTaTe NpoTeKa-
HUS peaKIni JeTUAPATAIINH U OJISIIUU POPMHUPYIOTCS TTOTUMEPHBIE MO-

JICKYIJIBI C ,HBYXMOCTHKOBOﬁ T'HAPOKCOCBA3bIO!

2+

2+

OHZ /OH2
(H20)4FC + (HZO)4FC o HZO —_
OH OH
B OH 4+
—— |(H20)4Fe Fe(H20)4 -H,0 &
OH H>O
B OH p
AN
= |(H20)sFe Fe(H:0)s | -H,O+OH +—
N
OH
_ o _
— | (H20)(OH):Fe Fe(OH)2(H20):
OH

[TonuMepHbIe MOJIEKYJIBI COACPKAT KAK MOCTUKOBBIE, TAaK U KOHIICBBIC
TUIPOKCUJIbHBIE TPYMIIBI, COOTHOIIIEHUE KOTOPBIX cocTaBiseTr 2 / 1 mpu
m — §; B IBYXMEPHOU MPOEKIIMU UX CTPYKTYPY MOXKHO MTPEICTABUTH TaK:

H-O H>O H>O
OH | oH | OH | oH
Npe 0 Spe o Npe o
P S P N TN
OH~ | TOH | OH | TOH
OH OH ., OH

Ha BTOpOoM 3Tane nporekaer peakuuss B3auMOIACHUCTBUSI MEK Y I10-
JMMEPHBIMU MOJIEKYJIAMH, B KOTOPBIX YUaCTBYIOT KoHIIeBble OH™ rpymmbl
OJIHOM U3 MOJIEKYJI U MOCTUKOBBIE IPYTOM.
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I[Ipy ruaponuTHYECKOM ocaxaeHnu Fe** 13 XIopuaHbIX pacTBOpOB
B kucioi ob6iactu 3 < pH < 7 ocHOBHBIE 3aKOHOMEPHOCTH (HOPMUPOBa-
HHUS OJMMEPHBIX YacTHIl ruapokcuaa Fe’” coxpansiores [8], onHako B
MOJIMMEPHBIX MOJIEKYJIAX YaCTh KOHIIEBBIX THAPOKCHIIBHBIX TPYTI 3aMe-
nraetcs Ha auuonsl CI™.

W3 nutepatypHbIX TaHHBIX caeayeT, uto ¢aza FesO4 oOpa3yercs npu
pH >4,5; npu 6onee Huzkux 3HaueHus X pH o6paszyrorcs dasst 0-FeOOH
u o-Fe;0;. CornacHo nannbiM uctounuka [8], uonsl Fe (I1) B pacTtBOpe
cymectByor ipu pH < 4,5 B Buze Fe**aq, a npu Gonee BHICOKUX 3HaYe-
nusx pH B pactBope Hapany ¢ Fe?’ag npucyTCTBYIOT M 4aCTHYHO THA-
ponuzoBanubie HoHbI Fe (II) — FeOH'ag, npuuem ¢ pocToM BETHYHHBI
pH ux KOHLEHTpayss MOHOTOHHO BO3pacTaer [9].

B Tab11. 3.1 npencraBiaeHbl ypaBHEHUSI BOBMOKHBIX (PU3UKO-XUMUYE-
ckux npoueccoB B cucreme Fe (II) — H,O — O, — Fe (III) B aByx nuana-
3oHax pH: 3,0-4,5 u 4,5-6,0. Mexanu3m okucieHus noHoB Fe (II) B BbItie-
yKa3aHHbIX 00nacTsax pH MoxkHO onucaTh CyMMapHbIMU peakuusmu (1)
(tabn. 3.1). Oxucnenne nonos Fe (II) B pactBope npu pH < 4,5 comnpo-
BOXaeTcs oopazoBanueM Tojibko noHOB Fe (I11), a mpu pH > 4,5 napsiny
¢ Fe (IIT) oOpa3yroTcst 1 MOIHOCTHIO TUApoau3oBaHHble HoHbI Fe (II) B
cootHomenuu Fe (II) / Fe (III) = 1 / 2, oTBeuaromniemM crexuomeTpuye-
ckomy aiis dasel FesO4. Paznuuanetit coctaB mpoaykToB peakiuu (1), mo-
BUJIUMOMY, U TIPEIOTIPEACIIAeT 00pa30BaHUE B BhIIICYKa3aHHBIX HHTEP-
Baiax pH a3, ornmuuaronuxcs cootnomenuem Fe (I1) / Fe (1) B ctpykType.

Hapsny ¢ peakuueii okucnenust uoHoB Fe (II) B cucteme nmpoTekaroT
peakiuu ruaposinza nuonos Fe (II1) u (mnm) Fe (II) c o6pazoBanuem siek-
tpouenTpabubix KOK, B3aumopeiicteuss KOK mexy co6oii nim Betpa-
uBanus KOK B pacTymmii kpucrami, a Takke KOppO3UH METATUIMYECKOTO
JKeJie3a, KOTOphIe OMUCHIBAlOTCS peakmusamMu (2)—(5) B Ta6m. 3.1.

Tabnuna 3.1
Bo3moxkHbIe PU3HKO-XUMHYECKHE POLECCHI
B cucreme Fe (II) — H,O — O, — Fe (I11)
Ne Muanazon pH
Peaknus

peaxuuu 3<pH<45 4,5<pH<6
Oxucnenue Fe (II) | 4Fe*" ag + 4H" + 02 — | 6FeOH" + 6H' + 02 —

1 — 4Fe*" aq + 2H20 — 4Fe* aq +
+ 2Fe(OH)2 aq + 4H20

5, [Tuaponus Fe (1) Fe’" ag + 3H20 — Fe’" ag + 3H20 —
— Fe(OH)3 aq + 3H" — Fe(OH)3 ag + 3H"
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Oxonuanue tadi. 3.1

Ne Huanaszon pH
Peaknus
peaxuun 3<pH<4,5 4,5<pH<6
Oo6pazoBanne KOK KOK-1: KOK-1:
2Fe(OH)3 ag — 2Fe(OH)3 ag —
— Fe2(OH)s - 4H20 — Fe2(OH)s - 4H20
3 KOK-2:
Fe(OH)2 ag +
+ Fe(OH)3 ag —
— Fe2(OH)s - 4H20
BSaWOHCﬁCIBHe KOK (FGOOH)Zn nKOK-1 + 2n KOK-2 —
- (FC304)2n
4 n KOK-1
~N
(FCZO3)n
Kopposus meramm-| 2Fe + 2H20 + O2 — 2Fe +2H20 + 02 —
5 YEeCKOT0 XKeje3a — 2Fe(OH): — 2Fe(OH):
Fe(OH):+2H" — Fe(OH):+ H" —
— Fe** ag + 2H20 — Fe(OH)" + H20

Opnako B OOJBIIMHCTBE CIy4aeB JIAHHBIE MPOIIECCHI TPOTEKAIOT HE
CTOJIb OJIHO3HAYHO, TaK KaK 3Tally 00pa30BaHMs B BOJHBIX pacTBopax Fe**
NPEIIIECTBYET CTaus 00pasoBanus Fe?* ¢ moceay oM ero OKucIeH -
em j10 Fe**. Kak ormeuaercs B uctounuke [9], Bimusane pH pactsopa conu
Fe?" mmm cycnensun Fe(OH), mposBigeTcs B 3aBUCUMOCTH XUMHYECKOTO
cOoCTaBa COeIMHEHUH jKeJe3a OT yCIOBUH uX 00pa3oBanus) (Tadm. 3.2).
B wactHOCTH, MJIs1 BOMHBIX pacTBOpoB coJei xene3a (I1) B unTteppaie
pH = 1,0-1,5 (mmxuuii npenen pH pactBopa, pu KOTOPOM yaercs npu
HOPMAaJIbHBIX YCJIOBUSAX MOTYYUTh METOJOM OKHCIICHUS COETUHEHUS HKe-
ne3a (IIT)) u pH = 6,0-6,5 (Hagasno ruaponmutudeckoro ocaxaeHus Fe(OH),
U3 pacTBOpPA) BBIACIAIOTCS TPU y4acTKa (B JaJIbHEHUILIEM NEPBbIA-TPETHI
YYaCTKH), OTIUYAIOIINECS IPYT OT Ipyra COCTABOM 00pa3yIONIUXCs TBEP-
neIX mpoaykToB. [Tepsoiit yuacTok (1,0—-1,5 <pH < 2,0) xapakrepusyercs
00pa3oBaHUEM B MPOLECCE OKUCICHHS] CMEIIaHHBIX 10 aHUOHHOMY CO-
craBy coenunennii Fe*". TIpu okucnennu pactsopa cynbdara xenesa (11)
B yKazaHHOM mHTepBaje pH oOpasyercs H'-popma sipo3uTa, a npu jo-
OaBJICHMHU B yKa3aHHBIN PacTBOP cyJib(ara ammonus — NHs -popma sipo-
suta. Hapsimy ¢ H™ Bo3MoxHO 00pa3oBaHHe OCHOBHOTO CyJib(ara xe-
ne3a (III) cocraBa Fes(OH)10SO4, MaccoBas 105151 KOTOPOro BO3PACTaET
C YBEJIMYEHUEM KUCIOTHOCTU PACTBOPA.
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IIpu oxucnenun pactsopa xjopuaa Fe?' ma nepsom yuactke pH
Hapsaay ¢ okcuruapokcugoM Fe*™ o-momnduxanum obpasyercs ¢asa
B-FeOOH, coaepskarias Hapsay ¢ KUCIOPOAOM HOHBI xjopa [10—12].
[Ipu nmoGaBneHHUH B 3TOT PACTBOP XJOPHUJIAa aMMOHHUS MAacCOBasi JOJIS
B-FeOOH B ocanke Bo3pactaer. AHanoruyublil 3pdekT oOHapyKeH u
pu yMeHbieHnu pH ucxogHoro pactsopa npu GpakimOHHOM OKHCIIe-
Huu pactBopa FeCl,. Ha Bropom yuactke (2,0 < pH < 4,5) o6pa3yrorcs
OKCHJIHBIE, B TOM YHUCJI€ THAPATUPOBAaHHBIE coequHeHns Fe’': rumpok-
CHUJl, OKCUTUAPOKCUIBI O- U Y-MOAU(DUKALIUMA, a TAKXKE OKCUJ OL-MOJIH-
dukanuu [9, 11, 13]. OTnuuuTtenbHas 0COOCHHOCTh TPETHETO YUYacTKa,
rae 4,5 <pH < 6,0-6,5 — BO3MOXHOCTb ITOJYYEHHSI TIPU ONIPEIETEHHBIX
YCIIOBUSIX HApsAAy ¢ OKCHUIHBIMU coenuHenusmu Fe’' tarxoxe m cMeman-
Horo okcuaa Fe?* n Fe** cocrasa Fe;O4 [14].

B unTepBane pH yacTUYHOTO UK MOJTHOTO OocaxaeHus xesnesa (1)
TaKK€ MOKHO BBIICJIUTH TPY yUacTKa (B lalibHEHUIIIEM — YeTBEPThIM-111e-
CTOI), pa3IMYAIOIINXCS KaK IO XUMUYECKOMY COCTaBY MPOYKTOB, TaK U
1o MexaHu3My ux popmupoBanus. UeTBepToiit yuacTok (6,0—6,5 <pH <
< 9,0) xapakTepu3yeTcs HENOJHLIM OCaXKJIeHHEM HOHOB Fe?' m3 pac-
TBOpa, npudeM ¢ yBenanuenneM pH xonuenrpanus Fe** B pactBope mo-
HOTOHHO YMEHBIIIAETCHI.

OGpasoBanue OKCUAHBIX coequHeHni Fe*" nmpu oxuciaennn ruapox-
cuna Fe?* u menmonnom ocaxxnennu nonos Fe?" u3 pacteopa (6,0-6,5 <
< pH <9,0) npotekaer B nBe ctaauu. [lepBas cTaaus xapakTepusyercs
o0pa3oBaHUEM CMEIIAHHBIX 10 aHHOHHOMY COCTaBY (a3, U3BECTHHIX B
JUTEpaType NOoJ Ha3BaHUEM «3eJieHble p>kaBuuHbI | u I[I». I1o okoHua-
HUU TIEPBOM CTAJIMU 3€JICHas pKaBUMHA TePSET YCTOWYMBOCTh U HAUYH-
HaeT pacTBOpAThCA. Ha BTOpol cTaguu OKUCIEHHS 3€€Has p>KaBunHA
IpeBpamaeTcs B OKCUaHble coenunenus Fe*', Ga3oBbiii n aucnepcu-
OHHBIM COCTaB KOTOPHIX 3aBUCUT OT apaMETPOB MPOIECCa OKUCICHUSI,
TEMIIEPATyphI U 3HaYeHMs 71 11 conu Fe?' n menounoro arenTa. B gacr-
HOCTH YCTAHOBJICHO, YTO NMPU (PUKCUPOBAHHBIX TEMIIEpAType U CKO-
pPOCTH TIOJIaYM OKUCTUTENS 10 Mepe yBenudeHus n ot 0,2 no 2,0 dazo-
BbII COCTaB ocajKa u3MeHseTcs B nocienoBarenbHoctu y-FEOOH —
— 0-FeOOH — Fe304. IIpu ganpHeieM Bo3pacTaHuU n MOCJEA0Ba-
TEIBHOCTH (ha3000pa30BaHus MPOTUBOMONOKHA TTpeabiayei: FesO4 —
— o-FeOOH.

IIpy MOCTOSIHHOM KOHLEHTpanuu ruapokcuaa Fe*' B cycnensun
(~0,5 monb/11), TeMIIepaType U KOHTAKTE C BO3yXOM JIJIUTEILHOCTD TEP-
BOM CTaJMyU NPAKTUYECKH HE 3aBUCHT OT KOHLEHTpanuu uoHoB Fe’ B
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pacTBOpe, B TO BpeMsl KaK sl BTOPOI CTaMi — MOHOTOHHO YMEHbIIIAETCs
C YBEJIMYEHUEM UX KOHIeHTpauuu. [Ipu 3ToM cpeaHsiss CKOPOCTh OKHC-
nenus nonoB Fe?' no Fe’" Ha BTOPOM CTaJIMM MEHBIIIE, YEM HaA IIEPBOM.
[Ipu okucIeHnH Ha ATOM ydacTke 9 < pH < 12 (momHoe ocaxnenne Fe?*
U3 pacTBOpa) TuapoKcu Fe?* B TeueHune BCero mpouecca He IMpeTepIeBaeT
CYIIECTBEHHBIX N3MEHECHUI.

N3 1aHHBIX XMMUYECKOT0 aHAJIM3a CIIETy€ET, UTO B IMPEEIaxX BEpXHEn
rpanunsl pH msaToro ygactka okono 80-90% ruapoxcuna Fe?™ mpespa-
aeTcs B OKCUAHBIE coeaunenus Fe’'. OrcyTcTBre Kakux-nmubo 3ameT-
HBIX U3MEHEHN pH 1 OKUCITUTENBHO-BOCCTAHOBUTEIBLHOIO MOTEHIAJIA
npu okuciaenuu Fe(OH)> mo3Boniio BeICKa3aTh MPENOI0KEHUE O TOM,
YTO B 3TOM Cllydae 00pa3oBaHKe OKCHIAHBIX coequnennii Fe>* nporekaer
B OJIHY CTaJIuI0, MUHYST (DOPMUPOBAHUE TPOMEKYTOUHBIX METACTAOUIIb-
HBIX TIPOJIYKTOB OKHCIIeHUs. B cunbHOIIeNnouHoi cpese (mectoit yya-
cTok, pH > 12) napsny ¢ okcuaamu xenesa (II1) [10, 14] moryTt o6pa3o-
BEIBaThLCS THAPOKcodeppathl 1 Gepparsl Fe*', a taxoke ruapokcodepparsl
xkenesa (I).

[TockoJibKy Ha MHOTHX MPEANPUATUAX NPOLECC OCAKIACHUS NOHOB
JKeJie3a BEIETCS HE TOJIBKO METOJIaMU PEAareHTHOTO OCaXJEHHUS, HO U
AIIEKTPOKOATYJIAIMEH, TAaHHBIN aCTIEKT pacCCMOTPEH Oo0Jiee 1eTaabHO.

Kaxk mokazano B pabote [15], B 2JIGKTPOXHUMHYECKOM CIIOCO0E oca-
YKJIEHUS MPOIecC 00pa30BaHUs THAPOKCUIOB Kejie3a MPOBOAUTCS, KaK
MIPaBUJIO, P YCTAHOBJIEHHBIX SKCIIEPUMEHTAIIBHO ONTUMAJIbHBIX U BbI-
JIEp>KMBAEMBIX B XOJI€ IIpoliecca MapaMeTpax (HanpsHKeHUe, MI0THOCTh
TOKa, BpeMs mpoiiecca). Kpome Toro, ocaxk/ieHre rupOKCUI0B MPOUC-
XOJIUT MPU MEHBIINX 3HaUYCHUsIX pH, ueM mpu XUMUYECKOM OCaKICHUH,
B Y3KOI PEaKIMOHHOM 30HE MEXKAJIEKTPOJHOTO MPOCTPAHCTBA (LIUPH-
HOi1 He Oonee 8—10 mMm). BmecTe ¢ TeM mpoliecc aHOAHOTO PACTBOPEHHUS
JKeJie3a OCYIIECTBISIETCS B MOTOKE, T. €. MPHU MOCTOSHHOM JBHKCHUU
AIIEKTPOJIUTA TIOJI HAIOPOM CO CKOPOCThIO 1—-2 M/MHH, 4yTO obecneyu-
BAET MEPEMEIINBAHNUE U YCPEAHEHNE BeIMUMHBI pH B MEX3IEKTPOIHOM
o0beme. N3BECTHO, UTO CBEKEOCAXKICHHBIE THIPOKCHIBI JKeJie3a cpa3y
nocJe ocaxieHus u uepe3 10 MUH cTapeHus PEACTABISIOT COO0M KOJI-
JOUJHYIO0 CHUCTEMY, COCTOSIIYIO U3 KPYIHBIX (10 HECKOJIBKUX ThICSY
aHTCTPEM) arperaToB, HAXOSIIUXCS B CIA00OKPUCTAILIU30BAHHOM CO-
CTOSIHUH, U JIUIIb TI0 MEPE CTAPEHUS OHU MTOCTEIIEHHO MEPEXO0IAT B KPH-
CTaJUIMYECKOE COCTOSIHUE.

Taxkum 06pa3om, B ycTaHOBUBIIEMCS mpoliecce rpaaueHT pH Ha
BBIXOJIE U3 PEAKTOPA 3HAUYUTEIBHO MEHBIIIE, YEM 3TO UMEET MECTO MPHU
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nepeMeNIMBaHUK PEareHToB, 00ECTIICUNBAIOIINX XUMHUECKOE OCAXKICHHE,
U GOpMHUPOBAHUE KPUCTATNIMUECKON CTPYKTYPhI THAPOKCHIOB Keje3a
OCYIIECTBIISIETCSl MMPAKTUYECKH TPU HEU3MEeHstoneMcs 3HaueHus: pH.
DTO co3laeT OJaronpusiTHbIE YCIOBUSA IJIs MOJy4YeHUs 0ojee cTabuib-
HBIX, OJTHOPOJIHBIX 10 CTPYKTYPE U MOHOJIUCHEPCHBIX MO pazMepaM Kpu-
CTaJUIUTOB OCAJIKOB.

B pa6ote [16] moka3aHO MOJOKUTEIbHOE BIUSIHUE 3aTPABOYHBIX
kpuctamioB 0.-FeOOH, nepexoasmux npu npokanuaHuu B o-Fe20s,
KaK MHULIMATOpa Mpollecca KpUCTalau3anuu Ha GOopMUpPOBAHUE KpPH-
CTALTUYECKOU CTPYKTYpbI retuta. OJIHaKO MOAU(PUIIMPOBAHKE TPOXOIUT
b Ha 40%.

PesynbraThl peHTreH0(ha30BOro aHaIM3a MOTYYEHHBIX 00pa3IoB Npe/-
CTaBJICHbI B Ta0J. 3.3.

O6pa3iiel Ne 1 u 2 6bUTH TTONTy4YeHBI pu 3HaYeHUH pH ocaxaenus 8
0€e3 UCIOJIb30BaHMs 3aTPABOYHBIX KPUCTAILJIOB T€TUTA.

O6paszubt Ne 3, 4, 5, 6, 7, 8 6butn monydeHsl npu pH ocaxnenus
COOTBETCTBEHHO 6, 7, 8, 8, 9, 10. B cBexxenorydeHHYy10 CyCIIEH3UIO ATUX
00pa3noB BBOAWIIACH cycrnieH3us 3apoabiiei 0-FeOOH, u npoaykT okuc-
JISUICS: IOCPEACTBOM OapOoTaka BO3/lyXa B TeUeHHUE 2 4.

O6pa3ubl Ne 2—4, 6—8 ObuH BeICYIIEHBI HA Bo3ayxe mpu 105°C, 06-
pa3upsl Ne 1 1 5 BBICYIIEHBI M IPOKAJIEHBI B T€UEHHE 1,5 9 ITpu TemIiepa-
type 700°C.

Tabnuna 3.3
JlanHble peHTreH0()a30B0Or0 aHAJIU3A
NPOAYKTOB I'HIPO0JIM3a MOHOB JKeJie3a
Ne .
VYcnoBus mosydeHus: 00pasios ®a3oBbIi COCTAB
oOpasia
pH snexTpokoarysiiuu §; v-Fe203, ocHOBHas
1 0e3 3aTpaBOYHBIX KPHUCTAJIIOB; a-Fe203, nobounas
temneparypa npokanusanus 700°C
pH snextpokoarymnsanuu §; v-Fe203, ocHOBHas
2 0e3 3aTPaBOYHBIX KPHUCTAIIIOB,; o-FeOOH, cienpr
TeMieparypa BoicymuBanus 105°C
pH snextpokoarymnsiuu 6; v- FeOOH, ocHoBHas
3 BBOJWIACH cycrneH3us 3apoasiiieil o-FeOOH; |a-FeOOH, cnenst
Temnepatypa BeicymuBanus 105°C
pH snexrpokoarynsnuu 7; a-FeOOH, ocHoBHas
4 BBOJUJIACk cycnieH3us 3apopiiieit 0-FeOOH; |y- FeOOH, mo6ounas
Temneparypa BpicymmuBanus 105°C
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Oxonuanue Tadim. 3.3

Ne o
VYcnoBus nonydenus oopasLon ®da30BbIN COCTAB
oOpasma
pH snekTpokoaryssiuu §; o-Fe203, ocHoBHas
5 BBOJIUJIACH CcycrieH3us 3apojsimien o-FeOOH;
Temneparypa npokanusanus 700°C
pH anextpokoarymnsanuu &; o-FeOOH, ocHoBHas
6 BBOJIWIIACh CycrieH3us 3apoasiiieit o-FeOOH; [+ nennentudurpoBaHHas
Temreparypa BeicymuBanus 105°C ¢aza
pH snexrpokoarymnsaiuu 9; v-FeOOH u 0-FeOOH B co-
7 BBOJWIIACH CycleH3us 3apoasiuieit 0-FeOOH; [n3MepumbIx KoauuecTBax
Temnepatypa BeicymmBanus 105°C
pH snekrpoxoarysnsamuu 10; v-FeOOH, ocHoBHas
8 BBOJWIACH cycnensus 3apoabiiieit o-FeOOH; (a-FeOOH, nobounas
Temneparypa BpicymmuBanus 105°C

Bunano, uro B o6pasue Ne 2, mojsiydeHHOM 0€3 HCMOJIb30BAHUS
3aTPaBOYHBIX KPHUCTAIIOB, ObUla UACHTU(UIIMPOBAHA B KAYECTBE OC-
HOBHOUW KpHCTauMueckasi ctpykrypa y-FeoO3 co cpeanum pazmepom
mukpokpuctamiuros 180 A u cienst o-FeOOH ¢ pasmepom Kpucra-
nutoB 50 A.

[Ipu npoxanuBanuu 3Toro odpasua npu remneparype 700°C (o6pa-
3er; Ne 1) coxpaHsieTcss B OCHOBHOM Macce KpUCTAJNIMYecKasi CTpyKTypa
v-Fe203, 0lHaK0 MUKPOKPUCTAJUIUTHI IO BIMSIHUEM TEMIIEPATYPHI YBE-
aruuBaroTest 10 220 A.

B oOpasne Ne 3, monyuenHom npu pH ocaxnaeHuss 6, o0CHOBHOM
peHtreHoda3oBoit cTpykrypoit siisercs y-FeOOH ¢ pasmepom kpu-
cramuta okoso 50 A u nebonpioe konuuectso 0i-FeOOH. IockonbKy
seanunna pH ruaparoobpasosanus nonos Fe*" nexur B uarepsaie 1,5—
4,1, a Fe*" — B unrepsane 7,5-9,7, no-euaumomy, npu pH = 6 0cHOBHYIO
Maccy MOHOB JKejle3a B 3JIEKTPOIIMTE COCTaBIAT Fe*, hopmupyroru-
€Csl B KPUCTAJUIMYECKYIO CTPYKTYPY JIEMUAOKPOKHUTA.

B o6pasmax Ne 4 u 6, monydeHnnsix ipu pH =7 u 8, COOTBETCTBEH-
HO, UJeHIMULIIMPOBaHA B KauecTBe OCHOBHOMU (a3a a-FeOOH c pa3-
MepoM kpucTamiuTos 130 u 170 A. Monsl Fe?*, conepxanue KOTOPBIX
npeobsiagaeT B 3TOM MHTEpBajie 3HaueHuil pH, nox BiausHHEM 3apo-
npimen a-FeOOH u kucnopoaa Bo3ayxa GOpMUPYIOTCS B TY K€ MOJHU-
dbukanuro.

[Tpu npokanuBanuu (oOpazen; Ne 5) NpouCXOAUT AeruapaTanus u mne-
pPEX0/1 B KPUCTALTNYECKYIO CTPYKTYpY O-Fe2O3. Pa3mepbl KpucTasIuToB



http://chemistry-chemists.com

3.1. CoenuHeHud Fe 55

ysenuuubatores 10 230 A. Tpu pH ocaxnenus 9 u 10, T. e. B 06pasie
Ne 7 unentudunpoBansl B couzMepuMbIX KonnuecTBax (aszsl 0-FeOOH
u y-FeOOH, a B o6pa3iie Ne 8 ocHoBHOM (ha3oit siBasiercs y-FeOOH, mo-
6ounoi — 0-FeOOH. Pa3zmeps! kpuctamnuTos ¢ yBennueHueM pH ymeHb-
matores 10 100-70 A.

Ha ocHOBaHMY TPOBEIEHHBIX UCCIIETOBAHUI MOYKHO ClI€TaTh BBIBO!
BenMurMHa pH mporecca 3JIeKTpOOCaKICHHST OKa3bIBAET CYILIECTBEHHOE
BIIUSIHUE Ha (OPMUPOBAHUE KPUCTATUTMUECKON CTPYKTYPhI THAPOKCHUIIOB
xene3a. Tonbko B unTepBaie pH = 7—8 mpoucxoaut HHTEHCUBHOE 00pa-
30BaHME O-MOAU(PUKALIMN OKCUTUAPOKCUIIOB C BETMYMHON MUKPOKPHUCTAI-
muros 130-170 A.

BwmecTe ¢ TeM HECOMHEHHBIN UHTEPEC, TOMUMO W3YUEHHUS BIUSHUS
pH Ha MOpQosIOruI0 U CTPYKTYpY KOHEUHBIX HPOIYKTOB THMAPOJIU3a
MOHOB KeJle3a, IPEJICTABISAET U3yUEHUE BIUSHUS TEMIIEpaTyphl, IPU KO-
TOPOM BEJICS MPOLECC OCAKICHUS TUAPOKCUIA KETIE3a, a TAKIKE TEMIIE-
paTyphl IpoKaJuBaHuUs 00pa3ioB. J[aHHBIE BOMIPOCHI IETATHLHO PaCCMOT-
peHsbI B padore [17].

PesynbraThl nccneoBaHus U3BMEHEHHH MOP(GOIOTHYECKON U KpHU-
CTAJUTMYECKON CTPYKTYp 0Opa3lioB, MPOUCXOASIIUX MIPU TEPMUUIECKOM
00€3BOKMBaHUH, PEJCTABIEHBI HA pUC. 3.2.

IIpu neruaparany UroJib4aTol CTPYKTYPBI THIAPOKCHUIA Kele3a
10 oKcHaa obpaszyetcst nceBroMopdo3a Mo UCXOAHOM CTPYKType TUI-
pokcuaa.

HanbGonee mHTEepecHble U3BMEHEHHSI B MOP(OTOTUYECKONU CTPYK-
Type MPOUCXOAMIIH ITPH MPOKAIIMBAHUU Ha BO3yXe oOpasia, mojay4yeH-
Horo npu pH = 12 u remnepatype pactsopa 80°C (I'K-12-80). IIpo-
rpes npu 350°C npuBOIMII K MOSBJICHUIO XOPOLIO pa3pelraeMor Ha
AIIEKTPOHHOM MHUKPOCKOIIE 36pHUCTOCTH UI0JIbYATHIX YaCTHULl, KOTOPBIE,
COXpaHss UCXOJHbIE BHEIIHHE (DOPMBI U pa3MepPbl, COCTOSIN U3 MEJI-
kux (60 A) wacTuu.

[To MukpoandpakIMOHHBIM U PEHTIT€HOBCKUM JIaHHBIM MIPU STOU
TeMIiepaType yxe oodpasyercs okcua o-Fe;Os. B aTom cinyuae penrre-
HOBCKHE AU(PPAKIUOHHBIE TUHUU JOCTATOYHO yY3KHE U COOTBETCTBYIOT
pa3Mepam 4acTHUIl B HECKOJIBKO COT aHICTPEM, T. €. pa3MepaM UIoJibya-
TBIX YaCTHII.

[Tpu Temmeparype 450°C Habm0maI0Ch YKPYITHEHUE TTEPBUYHBIX
YaCTHUIl, U3 KOTOPBIX COCTOSIT UTOJIKH, a pu TeMrnepaTtype Boiire 600°C
HayaJsCcsl pachaj UrojoK Ha OTAEJbHBIE YACTHUIBI C MOCIEIYIOMUM UX
CIIEKaHHEM.
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O6pa3zer, nonydennbiit mpu pH = 12 u remnepatype pactopa 20°C
(I'X-12-20), mpu HarpeBanuu 10 180°C tepsin 6,1% duzndecku cBsizaH-
HOM BOJIbI C MUHUMYMOM 3Ha0TepMuueckoro 3¢gdexra npu 115°C. [a-
Jiee CAeAYIOT JBa MEePEKPhIBAIOIINXCS YHAOTEpMUIECKUX A PexTa ¢ Mu-
HuMyMmaMi nipu 265 u 295°C. CymmapHas notepsi Beca, OTBeHaroas
UM JIByM 3¢ dektam, coctasisiia 10,3% ot HaBecku nociie yaaaeHus
(bu3MYeCKH CBA3aHHOM BOJBI, YTO COOTBETCTBYET COJEPKAHUIO BOJIBI B
FeOOH. OTtu nanubie KOppeIUpyIOT ¢ HATUYUEM JIBYX (HOPM MOHOTHU/I-
paTa, 0 4eM roBopuIioch Bbilie. [loITBEpKI€HNEM TaKOTO BHIBOJIA SIBIISI-
I0TCS PE3yJIbTaThl JepuBaTOrpaduuecKoro aHaiamusza oopasia, morydyeH-
Horo npu pH = 12 u remneparype pactBopa 80°C. [lns aToro odpasiia,
KaK YKa3bIBJIOCH BhINIE, OOHapykeHa numib popma a-FeEOOH. Coort-
BETCTBEHHO, U JIEpUBaTOrpaMMa Takoro oopasua MMeeT TOJIbKO J1Ba 3H-
norepMuyeckux 3gdexra ¢ muaumymamu 90°C (ynanenue puznyecku
cBs3anHor Bojibl) U mipu 300°C. Tlocnennuit 3 ekt xapakTepusyercs
yMeHbllieHueM Beca Ha 10,7%, 4To ONM3KO K COJAEPKaHUIO BOJBI B
FeOOH. Takum o6pazom, sHmoTepMUYECKUN 3DPEKT ¢ MUHUMYMOM
nipu 300°C M0OKHO OTHECTH K pazinoxenuto o-FeOOH. Tlo Bunumomy, u
y obpasia, nomydernroro npu pH = 12 u Temneparype pactBopa 20°C,
sHA0TepMUUecKUi 3PdekT ¢ MuHuMyMOoM 295°C BbI3BaH pa3ioKEHUEM
o-FeOOH. Torna s dext ¢ Muanumymom 265°C cOOTBETCTBYET pasiio-
»xenuto y-FeOOH.

OOpaiaet Ha cebst BHUMaHue TOT ¢akTt, uto Ha KpuBbix J[TA 00-
pa3uoB, nojy4yeHHbIX npu pH = 2 u remneparype pactsopa 20°C u ipu
pH = 12 u Ttemneparype pactBopa 80°C, OTCYTCTBYIOT 3K30T€pMHUYE-
ckue 3¢ (PeKThl KpuCcTAIUIM3auun OKcu10B. TepMmorpamMmma retuta (00pa-
3er; [ 7K-12-80) npu naBienuun 107! Mm PT. CT. TAK)KE HE BBISIBUIIA DK30-
TEPMHUECKOT0 3(pPexTa, HECMOTPSI Ha TO, UTO IHAOTEPMUYECKUI D PEKT
pa3nokeHust ObLII 3HAYUTENBHO CABUHYT B CTOPOHY HU3KUX TEMIIEPATYD.
DTO MO3BOJISAET CAENATh MPEANOJIOKEHUE, UTO PA3I0KEHUE KPUCTAIIIH-
yeckux (hopM MOHOrUapaTa U1 00pa3oBaHUe KPUCTANIMYECKOTO OKCUAA
B3aMMOCBSI3aHbI U UAYT MapajuieIbHO.

VY o6pa3na, moryuennoro npu pH = 8 u remneparype pacreopa 20°C
(I'K-8-20), ymeHbIieHHE Beca HAOJIIOAAE€TCS B IIIMPOKOM TEMITEpaTypHOM
untepatie (ot 60 7o 300°C). 3neck o kpuBoil I TT" MOKHO BBIAEIUTH TPU
addexra ¢ Munnmymamu nipu 140, 260 u 290°C. Ha ¢one mupokoro
sHA0TepMudecKoro dpdexra c Munumymom 140°C paznuauts 3QPEeKThI
npu 260 u 290°C na kpusoii ITA ouenb TpyaHO. DP(HEKT C MUHUMYyMOM
npu 140°C, no-BuauMomy, CBsI3aH C yAaJIeHHUEM (PU3HYECKH CBA3aHHOU
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BOJIbI U PA3NIOKEHHUEM CJIa00 OKPUCTAIIM30BAHHOTO THAPOKCHIA Kele-
3a 10 okcuaa o-FexO3, KOTOPBIM KPUCTAIIIU3YETCS C IK30TEPMUYECKUM
apdexrom ¢ makcumymom tipu 375°C. [lpupona r3hpexkToB ¢ MUHUMY-
MoM 1ipu 260 u 290°C, BeposTHO, CBA3aHa C pa3ioxkeHueM y- u o-FeOOH.
Otu GopMbl MOTIIH 00PA30BATHCS KAaK B MPOIECCe cTapeHus oOpasia B
MaTOYHOM PACTBOPE, TaK U MAPAJUIEIHHO ¢ 00€3BOKMBAHUEM CIIA00 OKPHC-
TaJUTM30BAaHHOTO THIPOKCHA BO BpeMs HarpeBaHus. D(PekTol Ha KpH-
BbIX JITT u JITA nns o6pa3ua, nonyuenHoro npu pH =4 u remneparype
pactBopa 20°C, pacuinpoBbIBatOTCSI aHATOTUYHO.

OTMeTuM, 4YTO MOCJIEA0BATEIHLHOCTh MPEBpAIlICHUN MTPU HArpeBa-
HUU c1a00 OKPUCTATIM30BAHHOIO THAPOKCH]IA *Keje3a, Mo IBepraBiie-
rocsi CTapeHUIo NMpU MOHWKEHHBIX pH 1 TeMreparypax, oTIn4aeTcst OT
TakoBo# st 06paszioB [K-12-20 u IK-12-80. Cravana npu HUZKUX
temriepatypax (60—200°C) nmpoucxoauT pa3aokeHue cirado OKpUCTaIIIN-
30BaHHOM YaCTH I'MIPOKCHU/IA, 3aT€M KPUCTAIUIU3YETCSl aMOP(PHBIN OKCHUI.
Cpa3y ke 1mocie KpUucTauIn3aluy OKCUA MOKET IPOUCXOIUTH MPOLIECC
YKPYITHEHHS] KPUCTAJIIOB.

JlepuBaTorpamMmsel 00pa3LoB, noy4eHHbIX Tpu pH = 8 u Temnepa-
Type pactBopa 80°C (I'K-8-80) u mpu pH = 4 u remneparype pacTBo-
pa 80°C (I'’K-4-80), moka3sIBalOT, YTO B JJAHHOM CJIy4ae pas3iararorcs
TOJIbKO puMecH Y- U 0-FeOOH u cmabo okpucTamIm30BaHHOI'O TH/I-
pPOKCHJIa, KOTOPbIE HE yCHENHW 3a MEPHOJI CTAPEHUsS] B MATOYHOM pac-
TBOpe AeruapatupoBarbesa 10 0-Fe;Os. [eiictBurensHo, kpuBas JTA
s oopasna I'K-8-80 umeer Tpu cinabbIx 3HAOTEpMUYISCKUX D eK-
ta ¢ MuauMmymamu 100; 230 u 280°C, cBsI3aHHBIX, COOTBETCTBEHHO, C
yaaneHueM (U3NYECKU YJIepKMBAEMOUW BOJIBI U PA3JIOKEHUEM Y- U
o-FeOOH. CymMapHas noTeps Beca pu 3TOM COCTABIISIET JIMIIb 6,1%.
Ou4eBuIHO, YTO OCHOBHAsI Macca 00pa3ua coctout u3 o-Fex0s. [puuem
ATOT OKCHJI OKPUCTAIUIM30BaH, Tak Kak Ha kpuBoil JITA HeT 3k30Tep-
Mudeckoro 3¢ dexra kpuctamuzaiuu. Oopazen [K-4-80 B unTepBaie
60-200°C TepsieT BoAy, GU3NYECKH YIAEPKUBAEMYIO U YACTUYHO CBSI-
3aHHYIO B CJ1a00 OKPHUCTAUIM30BaHHOM ruapokcuze. [locnennee noa-
TBEPXKAAETCS HEOOJIBIITUM SK30TEPMUUYECKUM d3P(HEKTOM KpUCTAILIIN3A-
un o-FeO3 mpu 350°C. Dx3o0tepmuueckuii 3pdekT ¢ HavaaoMm mpu
220°C pactanyT no 340°C (makcumym 290°C) u MOxeT ObITh 00BsC-
HEH pekpuctamumiainuei o-FeoO3, koTopas nmpucyTcTByeT B 00pasiie
KaK OCHOBHas (asa.

Kpome Tepmudeckoit 00paboTKH, NMpeAcTaBiIseT OOIBIION UHTEpEC
U3y4eHHEe BOMpOoca 0 MpUYUHAX, MPUBOASAIIMX K POPMHUPOBAHUIO TEX WU
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UHBIX MOpdoornyeckux (opM Mpu rUAPOTEPMaTILHOM BO3/ICHCTBUU HA
v-FeOOH.

N3 nannbix ucrounuka [18] cienyert, uto B cucrteme y-FeOOH —
H>0O — NaOH B 3aBucuMoCTH OT IapamMeTpoB TepMooOpaboTKu 0Opasy-
forcst passl -FeOOH, o-Fe;O3 mm ux cmech. MaccoBast 1o (hassl
o-Fe2O3 B o6pasmax mipu ¢ = const (Bpems o0pabotku) u C = const (KOH-
ueHntpauust NaOH) MOHOTOHHO BO3pacTaeT ¢ yBEIMYEHUEM KOHIIEHTpa-
MU menoun (tTemmneparypsl) (puc. 3.3).

250
&
< 200

% 1
2
15 3
| |
0 3 10

C, mons/nm?

Puc. 3.3. ®azoo006pa3zoBanue B 3aBUCUMOCTH OT KonndectBa NaOH
B cucreme y-FeOOH — H20 — NaOH:
1 — 0-Fe203; 2 — (0-FeOOH + a-Fe203); 3 — a-FeOOH

Cy1iecTBeHHbIE U3BMEHEHUS CPETHETO pa3Mepa U MOPGOJIOTHH KPH-
ctauioB ucxoguo (y-FeOOH) u dbopmupytromuxcs npu tTepmMooodpa-
ootke (0-FeOOH, o-Fe203) a3 cBuAETENbCTBYIOT O TOM, YTO (ha30BbIE
U XMMUYECKHE MPEBPALEHUs MeTacTaOMIbHbIX Moaudukannii FeOOH
B IIEJOYHBIX CPEllaX, TaK )K€ KaK B HEHTPaJIbHBIX U CIA0OKHUCIBIX pac-
TBOpAX, MPOUCXOJST IO MEXAHU3MY «PACTBOPEHUE — OocaxkaeHue» [19].
MexaHu3M «pacTBOPEHHE — OCAXKICHUE)» BKIIOYAET CTaJUHU PacTBOpE-
HUS KPUCTANIOB MeTacTabmibHOU (ha3bl, mepeHoca yepes pactsop KOK
K 00pa30BaBIIMMCS 3apO/JIbIIIIAM PABHOBECHOM JIJIsl JAHHBIX TEPMOMHA-
MUYeCKUX ycyioBuid (pa3el u BctpanBanusi KOK B mOBepXHOCTHBIN CIOM
3apojpiiei. Tak kak mmactTuH4yarbie popmbl O-FexO3 00pasyroTcst Bo BceM
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uccie0BaHHOM HHTepBase temmeparyp (ot 135 go 230°C), MmoxHO 3a-
KIIFOUMTh, YTO TIEPBBIA U3 Ha3BaHHBIX ()AaKTOPOB HE OKA3bIBACT PEIlIAl0-
HIET0 BIUSHUS HA MOP(OJIOTHIO KPUCTAIIIOB.

[TockosbKy 1Uisi TPYAHOPACTBOPUMBIX OKCHUIHBIX COEAUHEHHUM, B
TOM yucie u s o-FexO3, pa3mMep TByMEPHOTo 3apoAblilia COITOCTABUM
c pazmepoM KOK, mpucyTcTByIOmUX B pacTBOpe, MpodiieMa ero 3apox-
JeHus cBoauTcs K Borpocy BcrpauBanusi KOK B moBepXHOCTHBIN clioit
kpuctamia [19].

B pesynbrare (a30BBIX MpeBpallleHU METaCTAOUIbHBIX OKCOTHU/I-
pokcuioB xkene3a (III) B HelTpaibHBIX pacTBOpax POPMHUPYIOTCS U30-
MeTpuueckue o popme kpuctamibl o-Fe2Os.

B cunbHOIIENOUHBIX pacTBOpax, 0COOEHHO MPHU BHICOKUX TEMIIEPATy-
pax, IeJI0Yb MOKET BCTYyNaTh B PEAKIINIO KaK C TOBEPXHOCTHIO KPUCTAII-
J1a, TaK ¥ ¢ KPUCTAII000pa3youMu KoMiiekcamu. COOTBETCTBYIOITUI
sTomy coctosiHuto xkesnesa (I1I) B pactBope OusinepHbIii KpucTamaooOpa-
3YIOIMI KOMILIEKC onHchiBaeTcs coctaBoM [Fea(OH)s(H20)2]*". B cuiib-
HOUIEJIOYHOM CpeJie Ha MOBEPXHOCTH KpHcTaiuia o-Fe2O3 BO3MOKEH mpo-
riecc okcossms (Mexxry OH -rpynmnaMu moBepXHOCTHOTO CJIOS U IIEIOYH )
c oOpa3oBaHHMEM MOCTHUKOBBIX OKCO-CBsI3ei Mex 1y noHamu xesesa (11)
Ha MOBepXHOCTU. B pesynbrare rpanu kpucramia o-Fe>Os nmpuobpe-
TalOT OTPULIATEIBHBIN 3apsl Ha oauH HUOoH xene3a (I11), koTopbiil KoM-
MICHCUPYETCSI MOHAMH MICIOYHOr0 MeTajuia (B JaHHOM ciiydae Na'),
HAXOJSAITUMUCS B aJICOPOIIMOHHOM clioe BOJIM3H KpucTauia. B cBs3u ¢
ATUM B IIEJIOUYHBIX PACTBOPAX MO CPABHEHUIO C HEUTPAIbHBIMU U3MEHSI-
€TCs TUII peakuuii, nporekaromux rnpu sctpanBannn KOK. B yactHoCTH,
peanu3yroTCs peaklMi OKCOJIALMY, TeTUApaTaluy U IeTUIPOKCOIUPO-
BaHus. C TepMOIMHAMHYECKOU TOYKH 3PEHUS HanboJiee BHITOIHBIMU SIB-
JIFOTCA IIEPBBIE JBE PEAKLNH, KOTOPBIE COMPOBOXKAAIOTCS YCTAHOBJIEC-
HUEM MPOYHBIX OKCOCBs3e Mexay noHamu xkenesa (I11) moBepxHocTH
U KPUCTAUI000pa3yIoIIero KOMILJIEKCa.

U3 puc. 3.3 caenyer, uro ¢a3za a-Fe;O3 mo cpaBaenwio ¢ o-FeOOH
dbopmupyeTcs pu 00Jiee BEICOKUX TEMIIEpaTypax TEPMOOOpadOTKY HITH
KOHIICHTpAIUU TUIPOKCUIa HATpUsl B pacTBope. C yBeJIMUEHUEM TEMIIe-
paTyphl 1 KOHLIEHTpAIMH LEJI0YN BO3PACTAET PABHOBECHAsI KOHILIEHTpPA-
uust KOK B pactBope, a cineqoBaresbHO, U BEPOSITHOCTh UX B3aUMO/IEH-
CTBHSI MEXKIY OO0 ¢ 00pa3oBaHUEM B paCTBOPE 3apOo/Iblilieii HOBOH (hazbl,
YTO COIJIACYEeTCsl C TEOPUEH TOMOTEHHOTO 3aposieodpazoBanus. [1o-
ckoibKy B cucreme FexOs — H2O npu temniepatype vHuxe 80°C tepmoau-
HAMUYECKH ycToiunBOH siBisietcs gaza o-FeOOH, a npu Gosiee BhICOKUX
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Temrneparypax (aza o-Fe2Os, cnegoano oxunats popmuposanus o-Fe;Os
BO BCEM HCCIIEJOBAHHOM TEMIIEPATyPHOM HHTEPBAJIE, UYTO HE COTIIACYETCS
C 3KCIEPUMEHTAIIBHBIMU JaHHBIMU. OJTHAKO ITPU YMEHBIIEHUH KOHIIEH-
tpauun KOK B pacTBope B pe3ynpTare NOHMKEHUS TEMIIEPATYPBI WIH
KOHIIEHTpALMH 111€JI0YH TOMOTE€HHBIN MEXaHU3M 3apO/IbIIe00pa30BaHUs
CMEHSIETCS TeTEPOreHHBIM, NPU KOTOPOM 3apOAbIIIM MOTYT (hOpMHUPO-
BaTbCs Ha MOBEPXHOCTH KPUCTAIIIOB METACTaOMIbHOM (pa3bl (B JaHHOM
ciyqae y-FeOOH). BeneacTue 3Toro n3-3a 6J1M30CTH CTPYKTYPHBIX MO-
TuBOB O~ 1 Y-FeOOH [20] BMecTo 3apopbiiieit o-FeoO3 00pazyrorcst 3apo-
neim o-FeOOH u da3za y-FeOOH npespamaercs B o-FeOOH, kotopas
B JAaHHBIX TEPMOJAMHAMUYECKHUX YCIOBHUIX HAXOAUTCS B METaCTA0OMIIBHOM
PaBHOBECHH C PACTBOPOM.

Takum 00pa3zoM, mpu ruapoTepMaIbHON 00paboTKe B pacTBOpax
NaOH metacrabuibhas aza y-FeOOH npespamaercs B ¢hazsl oi-FeOOH
unu o-Fe; O3 [20].

B pab6ore [21] npeactaBieHsl 0000UIEHHBIE PE3YIbTAThl BIHSHUS
KOJUIOUHO-XUMUYECKOTO COCTOSTHUS COETMHEHUH JKee3a Ha MOpQoJ1o-
ruio U (pa3oBbIN COCTAB UX OKCUAHBIX (PopM.

3.2. CoemguHeHnusa Al

WnuTepec, mposiBIECHHBIN K U3yYEHUIO TUIPOIN30BAHHBIX OPM, OBLIT
00yCIIOBJIEH IPEKIE BCEr0 TEM, YTO MO IaHHBIM UCCIEA0BAHUN IPUPOIa
MOHA-KOMIUIEKCOO0pa30BaTesi, KOHIIEHTPALUU PEAareHTOB, CTENEHb OC-
HOBHOCTH — 71 (kommaecTBo OH -rpynm Ha oxun non AI*Y) u npyrue dax-
TOPBI OKA3bIBAIOT BIUSHUE HA KOHEYHbIE CBOMCTBA aJICOPOEHTOB U KaTa-
au3atopoB. Hanbosiee n3yueHbl B 3TOM IJIaHE COEAMHEHHUS], TOTyUYEHHbIE
Ha OCHOBE MOHOB Al*".

B pactBopax ¢ pH > 3 noHBI aJIFOMUHHUS IOJIBEPTAIOTCS THAPOIU3Y.
[Ipouecc ruaponn3a n3ydajics MHOTMMH HCCIIEOBATENSIMU Pa3INYHBIMU
MetogaMu. [ I[poTHBOpEUNBOCTH BBIBOJIOB PA3JIMYHBIX aBTOPOB O COCTABE
Y yCTOMYMBOCTH MTPOAYKTOB I'MAPOIIN3a CBUIETEIBCTBYET O CII0KHOCTH
UACHTU(DUKAIINI THIPOKCOCOSINHEHUN B PACTBOPAX BBICOKO3APSTHBIX
KaTHOHOB. B paz0aBieHHBIX pacTBOpax ¢ KOHIIEHTPAIMEH HOHOB aTIOMU-
HUsA, HE TpeBblmaromei 107 r-non/aqm?, 06pasyroTcs MOHOMEPHBIE IHI-
POKCOKOMILIEKCHI [22, 23].

[Ipu noGaBieHUH aMMHaKa, MIEJIOYU U IPYTUX COCIUHEHUH, CIIO-
cOOHBIX NOBBIIATE pH, U3 pacTBOPOB COJIEH aTIOMUHMS BBIACIAETCS €r0
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ruapokcul. OcaxkIeHne THAPOKCU A ATFOMUHUS HaunHaeTcs npu pH =4
u 3apepiaercs npu pH = 5,0-7,5. Kpome aMmopdHOT0 THAPOKCHIA aTIO-
MUHMSI, U3BECTHBI JIBE KpUCTAUIMYecKue ero popmbl: rudb0cut oi-A1(OH);
(ycroriunBas MmoaudUKaIus MpU KOMHATHOW TeMIieparype) u oaieput
v-Al(OH);. C noBsIlIeHHEeM TeMIepaTypbl UAET ACTUIPATAINS THIPOK-
cujia aJIlOMHHUS ¢ 00pa3zoBaHreM cooTBeTCTBeHHO 0i-AlOOH 1 6emuta
v-AlOOH. B 3aBUCHMOCTH OT KOHIIEHTpAIIMX HOHOB aJTIOMUHUS, CTETICHU
OCHOBHOCTH, CITI0OCO0a 100aBJIeHUS ILIET0YH B PACTBOP, IPUCYTCTBUS aHH-
OHOB BCJIEZICTBME MEAJIEHHOT'O IPOTEKAHUS MPOLECCOB MOJIUMEPU3ALNN
Ha CTaIUAX, NPEIUIECTBYOIIMX 00pa30BaAHUIO YACTHIL 307151 THAPOKCUAA
IIIOMUHUS, B PACTBOPAX HAXOATCS THAPOKCOKOMIIEKCHI, B COCTaB KO-
TOPBIX BXOJUT OT 2 10 13 MOHOB altOMHUHUS, CPEIHEBECOBAs MOJIEKY-
JsIpHas Macca KOTOpbIX u3mensercs ot 138 no 1430 [24].

Nnmoctpanueit MHOrooOpasust ruaApon30BaHHbIX Gopm Al°" mMo-
KET CIIYKUTh Ta01. 3.4, B KOTOpOU MpecTaBiIeHbl HanOoJIee MOJIHO OMH-
CaHHBIC B JIUTEPATYPE KOMIUIEKCHBIE HOHBI C PA3JIMYHBIM KOJIMYECTBOM
noHoB Al** [25, 26].

13+

Tabmnura 3.4
3aBHCHMMOCTD CTPOEHHS KOMILIEKCOB OT KOJHYeCTBa HOHOB Al*

KommuectBo nonos Al

dopmysia COEJUHEHUS
B COCTaBE KOMILIEKCA

Al(H20)6*"
Al(OH)3
Al(OH),"

1 Al(H20)4*
Al(H20)5*
Al(OH)2(H20)4"
Al(OH)(H20)s**
Al(OH)2(H20)s*"
Al(OH)s"
Al(OH)4*
AlL(OH)*
Al;(OH)4>*
Al(OH)s*
Al;(OH)*
Al3(OH)s*
Al4(OH)s*"
Al4(OH)10*

Als(OH)12 (H20)12%*
Als(OH)15*




http://chemistry-chemists.com

3.2. CoemuHenund Al 63

Oxonuanue Tadmn. 3.4

KomumuectBo nonos Al

dopmyna COeTMHEHUS
B COCTaBE KOMILIEKCa

7 Al7(OH)16>
Als(OH)24

8 Alg(OH)22*

Alg(OH)20*"

Al1304(OH)24(H20)"*

13 Ali3(OH)3™
14 Ali4(OH)34%"
24 Al4(OH)s0'>"
30 Alzo(OH)s1**
96 Alos(OH)264>+

B cooTBeTCTBMU C TIPEACTABICHUSIMU TIOJHUSIEPHBIC THAPOKCOKOM-
TJICKCHI OTPEEISIFOT OCHOBHBIE CBOMCTBA KOHEYHOTO TIPOYKTA THAPO-
au3a. XoJ mporecca TUAPoIn3a B 3HAYUTEIFHOW CTENEHU 3aBUCUT OT
KOHIIEHTPAIMHU CcoJiel amroMunus. B paszoasnennbix pactsopax (Caltt <
<0,2 r-uon/nm>) ¢ yBeIMYEHHEM 3HAUYEHUS CTENIEH OCHOBHOCTH (pOPMHU-
pOBaHME 307151 HIIET Yepe3 Habop OMpPEeIEICHHBIX THIPOKCOKOMIUIIEKCOB:

[AIOH(H,0)5]*" — Al(OH), (H20)10]* —
— [Al1304 (OH)24 (H20)12]"* — 3015,

a He yepe3 HEMPEPhIBHBIN P BCEX BO3MOXHBIX THIPOKCOIIOJIMMEDPOB.
YacTurpl 305151 GopMHUpYIOTCS B pacTBopax ¢ n > 2,3. B koHIIEHTpHUpO-
BaHHBIX pacTBopax (Car’" > 1 r-mon/nmm*) o6pasyercs 30mb pu n > 1,6
u3 HeHabmoaaemMbix B IMP 27 Al 6onee HU3KOMOJIEKYISAPHBIX THAPOKCO-
KOMIIJIEKCOB, B COCTaB KOTOPBIX BXOJUT OT 3 710 13 MOHOB alfOMUHMUSI.

I[To nmanHBIM uCTOYHHKA [27] W3 TOJUSIAECPHOrO KOMILIEKCA
[Al1304(OH)24(H20)12]"" 06pasyercs Galieput, HOCKONBKY CYIIECTBYET
CBSI3b MEXK/Ty KOHIIEHTpAIMEN 3TOr0 MOJUUOHA B pACTBOPE U COJIEP KaHU-
em OailepuTta B ocaznke. Mexanusm popMupoBaHus Oaiiepura paccMoT-
peH B pabore [28].

Peaxuust ruaponuza ¢ oOpaszoBanueM 0emMuTa B BOJHBIX pacTBOpax
IIpU pa3JInYHbIX Temrieparypax u pH u3ydena B ucrounuke [29]. Ilo-
CKOJIbKY aHHOHBI BIIMSIOT Ha COCTaB M 00pa30BaHNE PAaCTBOPUMBIX TOJTH-
SJICPHBIX THIPOKCOKOMILIEKCOB, TO OHM B 3HAUUTEIHLHOMN CTETICHHU OIIpe-
JISJISIFOT CBOMCTBA TUAPOKcHAA antoMuuusa. Uartepsan 3nauenuii pH, B
KOTOPOM JOCTUTa€TCsl MAKCUMAJIbHOE OCaKIEHUE THAPOKCUIA ATFOMUHUS,
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3aBUCHUT OT KOHIICHTPAIIMH M MIPUPOJIBI TPUCYTCTBYIOIMNUX HOHOB B pac-
TBOpE [30]. CTenenp BAUSHUS aHUOHOB, COTJIACHO UCTOYHUKY [31], om-
peaensieTcs MPOYHOCTHIO UX CBsI3eH ¢ amoMuHueM. Ecir aHMOHBI CUITBHO
KOOPJIMHUPYIOTCSI MOHAMH AJIFOMUHUS M HE 3aMEIIAl0TCs THAPOKCUIIOM,
TO C TIOBBIIIEHWEM KOHIIEHTpAIluu aHMOHOB pH MakcuMmaibHOTO Oca-
XKICHUS TUAPOKCH]IA AIFOMUHUS CHIDKaeTcs. B ciiydae annoHos, oOpa-
3YIOIIMX TPOYHBIE CBS3U C MOHOM ATFOMUHUS, HO 3aMEIAIOIINXCS TH/I-
pokcwioMm, pH MakcUMalbHOTO OCaXJEHUSI THAPOKCUIA ATOMUHHUSI
TOBBINIIACTCS OCHOBHBIMHU M CHUKAETCS CIa000CHOBHBIMU aHUOHAMH.
DTOT BBIBOJ] OBLT TOATBEPIKICH TaHHBIMU, TIOTYYCHHBIMU P TUTPOBA-
HUH LIEJI0YBI0 PACTBOPOB COJIEN altOMUHUSA [32], KOTOpPBIE MTOKAa3aJIH,
YTO JIJIsI TIPOIIECCOB THAPOJM3a U Koaryjsiuu (aktop oOpazoBaHUs
KOMILIEKCOB ¢ aHHOHAMM, 00Pa3yIoIUMy IIPOYHbIE CBsA3U ¢ Al**, Bax-
HEee POJIM JIBOMHOIO 3eKTpuyeckoro cnosi. Tak, pocdaTsl yaanstorces
3a cueT oOpaszoBanusa MamopactBopuMoro AIPOs. Xots cynbhar-uoHb
MeHee IIPOUHO CBsA3aHbl ¢ Al u 3amemarorcs ma OH™, 01HaKO OHU BIIK-
SIOT HE TOJBKO HA COCTAB MPOAYKTOB TUIPOJIN3a, HO U HA MEXAHU3M UX
obpasoBanus. B npucyrcreur SO, THAPOIN3 HOHOB ATIOMUHHS B Pa3-
OaBJICHHBIX PACTBOPAX HJET MO TOMY K€ IMYTH, YTO U B KOHIICHTPUPO-
BaHHBIX [33].

Ocaaku THAPOKCUIOB B 3aBUCUMOCTH OT YCJIOBUM UX 00pa30BaHUs
00J1a/1a10T PA3IMYHON AUCTIEPCHOCTHIO, (PA30BBIM COCTABOM, KHCIOTHO-
OCHOBHBIMHU CBOWCTBAMH, YTO YACTO OOBSCHACTCS JIOKATbHBIMU HEOTHO-
POJTHOCTSIMU TIO KOHIICHTPAIMHA THUAPOKCHIBHBIX MOHOB B PAacTBOpAx,
BO3ZHUKAIOIMMU TIPU TOOABJICHHUH 11I€JI0UM B pacTBOp. M3yueHue Bius-
HUS crioco0a BBEJICHUS IIEIOYH B paCTBOP COJICH aTlOMHUHMS TI0Ka3aJo,
YTO MPUHITUIIHATbHAS TPUYHHA HEBOCTIPOM3BOIUMOCTH CBOWCTB OCa/I-
KOB THJIPOKCHa aTIOMUHUS 3aKJIFOYAETCS B HEPaBHOBECHOCTH Mpoliecca
o0pa30BaHus MOJUSAEPHBIX THAPOKCOCOCIUHEHUI HA CTaauu (hOpMHU-
poBanus 3075 [34]. CtpykTypa, HU3NUYECKHE U XUMUYECKHUE CBOWCTBA
TUAPOKCHUA ATFOMUHMS 3aBUCST OT YCIOBUM ero oopa3oBanus. Yactuu-
Hasl JAeTupaTaius TuIpOKCUAOB U METAaruJAPOKCUJIOB AIFOMUHUS TIPH-
BOJUT K COeTMHEHUAM ¢ obtert popmynoit AlOs - xH20, rme 0 <x < 1,
KOTOpBIE, KaK MPABUIIO, IJIOXO0 OKPUCTAIN30BaHbl. CyIIECTBYIOT IIECTh
OCHOBHBIX (ha3, 0003HaYaeMbIX rpeYeCcKUMU OyKBamu: i, M, v, 0, O u .
[Ipupoaa mosryyaemMoro nmpu NpoOKaJIMBAaHUH MPOIYKTA 3aBUCUT OT MIPH-
POJIbI UICXOJTHOTO THUAPOKCUIA (TMOOCUT, OEMUT U Ap.) U YCIOBUN IPO-
KauBaHMs. J|eCTBUTEIIBHO, B XOI€ ACTUIPATAIIH IPOUCXOIUT PST ITO-
clieIoBaTEeIbHBIX MpeBpaleHuit (puc. 3.4).
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Puc. 3.4. Cxema npeBpanieHui THAPOKCH/IA ATFOMUHUS:
MPSIMOYTOJTFHUKHA 0003HAYAIOT 00JaCTh CYIIECTBOBAHUS (a3bl; OTKPHITOE
MIPOCTPAHCTBO — MEPEXOIHYI0 001acTh B uHTepBase ot 0 1o 1200°C

Bo Bcex citydasix OKOHUATENIbHBIM ITPOJTYKTOM JIeTUpaTaIliy SBIISI-
etcst KopyH (0-Al203).

B Ta6u1. 3.5 npuBeneHsl ycioBUsl, CIOCOOCTBYIOIIUE Pa3HbIM MY TSIM
MpeBpalICHUN THAPOKCUIA ATFOMUHUA [34].

Tabnuna 3.5
Ycii0Bus1, cIOCOOCTBYIOIIME PA3HBIM IIyTAM NPEBPALICHUSA
THAPOKCUIA ATIOMUHUS

Ycenosus IlyTe a [Iyts b
Hasnenne, MIla >(,1 0,1
Cpena BuiiaxkHb1i1 BO31yX Cyxoit Bo3ayx
CxopocTts HarpeBanus, K/Mun >1 <1
JlnameTp 4acTuu, MKM >100 <10

Curyarust MOKeT ObITh CBEJICHA K MPOCTEHINe Ha OCHOBAaHUU KPH-
cTajuiorpapu4ecKoro noaxo/1a, €Cy NPUHATh BO BHUIMAHUE, YTO UMEETCS
TOJIBKO J]Ba THIIA CTPYKTYP: WINHUHENIbHAA 1)1 1-, Y-, 0-, 0-popM u rexca-
TrOHaJIbHAA AJiA (- U &-popM. [IporcxoxaeHne 3Tux pa3inyuil 00ycioB-
JIEHO B OCHOBHOM IIPUCYTCTBHEM Je()EKTOB UIIU MPUPOJIOH IITIOCKOCTEM,
00pa3yIoluX NOBEPXHOCTh, 00a 3TH (haKTOpa CBSI3aHbI C IPUPOAON HC-
XOJTHOTO TUJPOKCH/]IA U 3aKOHAMU MOP(OJIOTUYECKOT0 TeHEe3Hca, Onpe/ie-
JSIFOILIMMU U3MEHEHUS CTPYKTYPBbI IIPH IEPEXOE OT FMIPOKCHIA K OKCHJTY.
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Tepmuueckoe paznoxenue 6aliepura u TiOOCHTA TOJKHO TPOTEKATh
IO PEaKIuu

2AI(OH); — Al,Os + 3H:0.

OTa peakius MPUBOIUT K PA3BUTON MOBEPXHOCTH, €CIIU €€ MPOBO-
14T ripu 250°C u BeIie. OHAKO, YUUTHIBAs, YTO BHYTPH 3€PEH CO3/1AETCS
BBICOKOE MapIuaabHOE JABJICHUE BOABI U CYIIECTBYET BO3MOKHOCTbD TH/I-
pPOTEPMAILHOTO MPOIIECCa, IO YPABHEHUSAM

Al(OH); — AIO(OH) + H,0;
AlLOs; + H O — 2A10(OH).

Takoe TeueHue nponecca NPUBOIUT K 00pa30BaHUIO XOPOILIO OKPH-
CTAJJTA30BAHHOT0 OEMUTA C HU3KUM 3HAYEHUEM YAEIbHON MOBEPXHOCTH.
bb110 00HapyskeHo, YTO MpoKaTuBaHUe OallepuTa KOPOTKUMH OBICTPBIMU
UMIIYJIbCAMH BEJET K Pa3BUTHIO YPE3BbIUANHO O0JIBIION MOBEPXHOCTHU U
K IIOJIy4EHHIO PEaKIIMOHHO-CIIOCOOHOr0 Matepuana. OKcua altoMUHUs
o0J1a1aeT XOPOIIUMHU aJCOPOLIMOHHBIMU CBOMCTBAMH U CIIOCOOEH aKTH-
BHUPOBATh ONPEJICHHBIE TUIIBI CBA3EH, HAIIPUMED YTIEPOA-BOIOPOAHBIE U
yraepoa-yraepoansie. bnarogaps stomy Al2O3 nposiBisieT akTUBHOCTb
B peaKkIMsaX 0OMEeHa, N30MepU3alii ABOMHON CBSA3H WIIH CKEJIETHOU U30-
MEpH3al1HU ATIKEHOB, KPEKHUHIa YIJIEBOAOPO/IOB, IErHApaTallii CIIUPTOB
c oOpazoBanuem >pupoB u T. 1. [34].

B pab6ote [35] npeacTaBieHsl 0000UIEHHBIE PE3yIbTaThl BIUSHUS
KOJUIOUHO-XUMHUYECKOTO COCTOSIHUS COEIMHUN altOMUHUS HA MOpdo-
J0TUI0 U (Pa30BBIM COCTAB UX OKCUIAHBIX (OPM.

3.3. CoequHeHusd Cr

CnemyeT OTMETUTh, UTO B TaJIbBAHUYECKOM MPOU3BOICTBE B OCHOB-
HOM MCIONb3yIoTcs coequnenus Cré*. D1o 06CTOATENBCTBO ABISETCS
TJIABHBIM TPEMSATCTBUEM IS NMpoBeeHus dP(HEKTUBHON HEeUTpain3a-
MU OTPA0OTaHHBIX rajibBAHUYECKUX pacTBOPOB. CaMblii HEMPUSTHBIN
aCIIEKT B 3TOM Jiefie — HeoOxoaumocTs nepesoga Cré* B Cr’*. Kak otme-
4aJioCh BBIIIE, OONBIION TOTYOK HUCCIEOBAHUSIM COCTOSIHHUS MOHOB B
BOJHBIX PACTBOpAX COJIEH a0 OTKPBITUE MONEPEUHO-CIIUTHIX KaTalu-
3aTOPOB Ha OCHOBE CIIOMCTHIX aJIFOMOCHIMKATOB. B paborte [36] moka-
3aHO, YTO I XPOMCOJIEPIKAIINX TJTHH CTPYKTYPHBIN KOJUIATIC HACTYTAeT
npu temneparype Hmwke 300°C, Tak kak Cr’-HOHBI IETKO MEPEXOIAT B
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BBICIIYIO cTeneHb okucieHus Cré* u3-3a BEICOKON MOOMIILHOCTH JAHHOM
CUCTEMBI, TIPH 3TOM MOT'YT 00pa30BbIBATHCS XMMUYECKU aKTUBHBIE CO-
equnerus Cro0727, Cr3010>, Crs013% [37]. Ha nannble 06CTOATENBCTBA
cieryeT o0paTuTh 0c000€ BHUMAHUE MPU pa3pabOTKE METOJOB yTHIIH-
3aIMU XPOMCOJEpKAIINX COCTUHEHUH.

JlutepatypHble JaHHBIE O COCTABE U CTPYKTYpPE THAPOKCH]IA XpOoMa
POTUBOPEUYMBBL. ITO OOBACHIETCS B OCHOBHOM U3MEHSIEMOCThIO COCTa-
Ba M CBOWCTB €r0 OCAJIKOB BCJIEJICTBUE CYIIIECTBOBAHMS HECKOJIBKUX MO-
mudukaruit pactBopoB coseit xpoma (Cr2(SO4)3, CrClz u Cr(NO3)3), us
KOTOPBIX TUJPOKCH]I YaIlle BCEro OCaXAAETCs; peHTreHOaMOp(HBIM Xa-
PaKTEpPOM IMOITYyYaEMbIX OCAJIKOB, UTO HE MO3BOJIIET YCTAHOBUTH UX KPH-
CTAJUIMYECKYIO CTPYKTYPY; OKHCIEHHEM TPEXBAJIEHTHOI'O XpoMa JI0 Ye-
THIPEXBAJIECHTHOTO.

[To3e ero OTHECIIU K COEIUHEHUSAM CTEXHOMETPUYECKOTO COCTaBA,
MOATBEPAUB METOI0M M300apudecKkoro 0o6e3BokuBanus [38] cymiecTBo-
BaHUE TOJIBKO TPEX FUAPATOB OKcKaa xpoMa: MoHoruapara — Cr203 - H20,
tpuruapara— Cr20s - 3H>0 u nenraruapara — Cr20s3 - SH20. YeraHoBneHbI
U TeMIIepaTypHbIe 00J1aCTH YCTOMYMBOCTH 3TUX ruapaToB (10 420, 150 u
85-95°C cooTBeTcTBEHHO). Tak KaK KpUCTaNIMUECKasi pereTka rupoK-
CUJIOB ITOCTPOEHA U3 KaTUOHOB MeTauia, OH-rpynn u aHHOHOB KHCIIO-
poja (B OKCUTHJIPOKCHIAaX), TO YKa3aHHbIE TUPAThl TPaBUIIbHEE HA3bI-
BaTh TaK: okcuruapokcua xpoma — CrOOH, ruapokcun xpoma — Cr(OH);3
u MoHoruapar ruapokcua xpoma — Cr(OH)s - H2O cooTBeTCTBEHHO.

HenctButenbHO, pu n3ydenun cucremsl Cr20; - H2O B rugporep-
MAaJIbHBIX YCJIOBUSIX YCTAHOBJIEHO CYILIECTBOBAHUE TOJIBKO TPEX PaBHOBEC-
HbIX a3: Cr203, CrOOH u Cr(OH)3. Takum o0pa3oM, peasibHbIA XUMUYE-
CKHI COCTaB THAPATOB OKCHA XpOoMa BhIpaxkaeTcs IByMsl (popMyaaMu —
CrOOH u Cr(OH):s.

OKkcuruapokcua Xxpoma B BUje cepo-(prosieToBOro mopoika cjiado
OKPHUCTAJUTM30BAaHHOTO OB TOJIy4deH B 1926 1. B rTHAPOTEpMAIIBHBIX yC-
JoBUSX B cpenie kuciioposa u3 pactBopoB CrOs u Cr(NO3)s. Bo3amoxkHOCTH
CUHTE3a B 3TUX YCJIOBUSX MOJATBEPKIeHA HEOAHOKpATHO. Co BpeMeHeM
BBISICHUJIOCH, YTO OKCUTHJIPOKCHUJ] XpOMa — COEMHEHUE TTOIUMOPGHOE.
Anb(ha-OKCUTHAPOKCH]T XpOMa SIBIISIETCSI €IMHCTBEHHBIM COCTMHEHUEM
tuna MeOOH ¢ KOopoTKOM 1 CHMMETPUYHOU BOJOPOTHOU CBA3BIO.

[To3xe OblIa MoJgydeHa U UCCIEeI0BaHa ellle 0JHa Moau(pUKaIus —
ramma-okcuruapokcu xpoma y-CrOOH. Ilo pentreHorpaguiyeckum 1aH-
HbIM OH u30MopdeH ¢ 0emutoM Y-AIOOH u nenunokpoxutom y-FeOOH.
Ecnu cynuth mo peHTreHorpaMMam, npuBeAeHHbIM B padore [39], To
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napaMeTphl €ro poMOUUYECKOM pelIeTKu UMEIOT MPOMEKYTOYHOE 3HAYEe-
Hue Mexy napamerpamu s y-AIOOH u y-FeOOH.

Hosas mogudukarus CrOOH nonydeHa B rufpoTepMalIbHBIX YC-
noBusix u3 CrO; u peHTreHorpaduuecku ucciaenoBana. Jta Mmoauduka-
U1 HE TIOJTyYrJia MoKa OYKBEHHOTO 0003HAYCHM S, HO HA3BaHA «3€JICHOM
OPTOPOMOMYECKON MOAUDHUKAIIUCH .

Omna ycroituuBa Ha Bozayxe npu 110°C. Jlig Hee xapakTepHBbI cie-
JYIOIKE MPEBPAILCHHS TPU TEPMOOOPaOOTKE B BO3YIIHOM Cpeie:

450°C, MOBEBIIIEHHOE JIABJICHUE
2CrO2 + HO < > 2CrOOH + 0,50:.

350°C, atmocdepHOe naBiIeHUE

Jlnist THApOKCHIa XpoMa XapaKTepHO TO, UTO HE BCE, a TOJIBKO HEKO-
TOpPBIE€ CBEKEMPUTOTOBIICHHBIE OCAJIKU JAI0T PEHTIEHOBCKYIO Tudpak-
1I1M10. B OCHOBHOM 3TO OTHOCHUTCS K 00Opasiiam, MoJdy4YeHHBIM MpH oca-
KJIeHUU u30bITKOM ammuaka u3 pactBopoB Cr(NO3)s. [Ipu ocaxxnenun
THJIPOKCUIOM HATpHsl, HA0OOPOT, BCE BO3YIIHO-CYyXHe 00pa3Ibl OJTY-
qaroTcs peHTreHoaMopdHbIMU U niepexoadat B Cr203 mpu 601ee BICOKOIM
Temreparype. ITo siBlIeHHE 00bICHEHO BIUSHUEM aJICOPOUPOBAHHOI 111e-
aoun (~ 1% NaOH).

[IpruuHa Oosiee ynopsiioueHHON KpUCTAIUTMYECKOW CTPYKTYPBI OCa/I-
koB Cr(OH);, monmyuaembix B cucteMe Cr(NOs)s — NH4OH — H>0, 3axnto-
yaeTcs B cienyronieM. [lockoabky B pacTBopax 3ei1eHoi 1 hruoaeToBoi
¢dbopM HUTpaTa XpoMa PaBHOBECHE YCTAHABINBACTCSA OBICTPO M AHUOHBI
NOs3™ He BXOST BO BHYTPEHHIOIO KOOPIMHAIIMOHHYIO Cepy KOMITTIEKC-
HOT'0 KaTHOHA, 0CAJIKY THIPOKCH 1A XpoMa MOTy4aroTcsi 0e3 MpUMecH HUT-
paT-MOHOB, JIETYE PEKPUCTAILTU3YIOTCS, 00pa3ys Oosiee KpymHbie OJIO0KH,
JIOCTATOYHbBIE JJI MOSBJICHUSI peHTTeHOBCKOU audpakiuu. Hao6oport, B
pacTBOpax 3eJIeHbIX POPM XJIOpUAA U Cylb(aTa XpoMa KOMIUIEKCHbIE Ka-
THOHBI CBA3aHbI C KOOPAMHUPOBaHHBIMU annoHamu CI™ 1 SO4%", crioco0-
CTBYIOILIMMU OCAXJICHUIO PEHTTEHOAMOP(HOIro THApoKcHIa Xxpoma. [le-
pexoz 3eneHbix hopm xsopuna [40] u cynbdara xpoma B (pUONETOBEIE, HE
coJeprKaIire KOOPAMHUPOBAHHBIX aHUOHOB, YCKOPSIETCS TO]T BIUSHUEM
psizia paKTOPOB U OCOOEHHO CUIIBHO B IIPUCYTCTBHHM MOHOB Cr’' BelencTBre
obMena snekTponamu Mexay Crr* u Cr?t. Kpome toro, annon NO3™ Hutpara
xpoma 1 kaTioH NHs" aMMuaka co31aroT MEHBbIIIEe IPOCTPAHCTBEHHOE TIpe-
MSTCTBUE MIPU arperaiuy YacTHIl ¥ TIPU YIIOPSI0YCHUN KPUCTATUTNIECKOM
crpykrypbl Cr(OH)3. Takum 06pa3zom, CTpyKTypa v CBOMCTBA OCAIKOB T'H/I-
POKCHIa XpOoMa 3aBUCST OT IPUPOIbI UCXOJIHBIX COJICH 3TOTO MeTala.
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[Toka3aHo, 4TO B 3aBUCUMOCTH OT KOHIICHTPAIlUHU U CKOPOCTH CMe-
muBaHusa ucxoAaHbIX pacTBopoB Cr(NOs)s u NHsOH nonydarorcs nBa
THUTIA 0CAJIKOB THIPOKCHIa XpOMa, Ha3BaHHBIE O~ U 3-(hopMaMu, KOTOPBIE,
KOHEYHO, He sBisitoTcst Moaudukanusmu Cr(OH)3 B kpucTamio-xumMuye-
ckoM noHuManuu [40]. OHu OTIMYAIOTCS APYT OT JIpyTa TOJIBKO JUCIIEpPC-
HOCTBIO U I[BETOM. (i-DopMa mosrydaeTcsi mpu ObICTPOM MPUOABICHHUH
2 H. Cr(NOs)3 k pactBopy NH4OH Takoii jxe KoHIIEHTpaIuu, Orarogaps
OO0JIBII0M CKOPOCTH 00PA30BaHUs 3apPOIBIIIEH OHA METKOIUCTIEPCHA, UMEET
roiryooBarthIil 11BeT. B-Dopma, HA0OOPOT, OCAKIAETCS MPU OUECHDb MEIJICH-
HOM (1o karisiM) npubasieHuu 0,1 H. Cr(NOs)3 k pactBopy NH4OH Toii
K€ KOHIIEHTpAIlUU, OHA KPYITHOAUCIIEPCHA, YEPHOTO IBETA C 3€JICHOBA-
ThIM OTTeHKOM. Jleruapararus o.-¢popmsi ¢ oopazoBanuem CrOs mpouc-
XOJIUT Mpu 00Jiee HU3KOHM TeMIieparype, 4yem B-Gpopmal.

3ameueHo, 4YTO CIOCOOHOCTh XpOMa K OKHCJICHUIO 3aBUCUT OT CO-
Jiep KaHus BOJIbI B ocajkax ero rujnpokcuna [39]. [Ipu Gonbiiem coaep-
YKaHUU BOJbI, 4eM 3T0 co0TBETCTBYET popMmyie Cr(OH)s (nanpumep, st
Cr(OH); * H2O), 06pa31isl He MOABEPTaroTCsl OKKCICHUIO MPU n300aprde-
CKOM 00e3BokuBaHuH. Hao060poT, MeHee 0OBOHEHHBIC OCAJKH JIETKO
OKHUCJISIFOTCS, TPUYEM MOJIyHYar0TCsl IPOYKThI C IEPEMEHHBIM COEPKa-
HUEM KHUCJIOpoJia U BoJbl. KomnyecTBO KUCIOpoia 3aBUCHUT OT YCIOBHMA
OCXKJIEHUSI, TEMIIEPATYPhI U POAOKUTEIIBHOCTH TEPMOOOPaOOTKH 00-
pa3ioB. MakcuMaabHOE OKUCIICHUE TTOCIEAHUX HACTYNAaeT MOCie TPeX-
yacoBoro HarpeBaHus pu 320-350°C. [TomydeHHbIE TPU 3TOM MPOAYK-
ThI, HA3BaHHBIE ((-(a30i mepeMeHHoro cocrara [39], orBeuaroT hopmysie
CrOy - nH;0O, rae x xoneodnercs ot 1,80 mo 1,96, a n — ot 0,60 go 0,65.
JansHeiiee nopsiieHue Temmeparypsl 10 370°C 1 3HaYUTENBHOE YUIN-
HEHHE TEPMOOOPaOOTKU MPUBOIUT K pacmary O-has3bl ¢ BbIACIEHUEM KHC-
JIopoJia ¥ Bkl M 0Opa3oBanueM npoaykra cocraBa CrOq 54-(0,1-0,2)H20.
[Tocnennue cienibl BOABI M KUCIOPOJa yAUTAIOTCS TobKO mpu 800—900°C.
[TocTapesiue 00pa3iibl THAPOKCUIA XPOMa OKUCIISIFOTCS TPYIHEE.

CrapeHue BbI3BIBA€T U3MEHEHUE COCTaBa, CTPYKTYpPhl U CBOMCTB
0CaJIKOB THJIPOKCHIA XpoMa. B rusipoTepmManbHbIX YCIOBUIX KOHEYHBIM
POYKTOM CTApPEHHUS SBIISETCS OKCUTHIPOKCHU]I, @ B OOBIYHBIX YCIOBHSIX
neruaparamusa Cr(OH)s; no CrOOH ne noxoaut. ITponecc crapenus yc-
KOpsI€TCS IIPY MOBBIIIEHUU TEMIIEPATYPhl U JABJICHUS U 3aMEHE BOJIbI Ha
pacTBop 1ienoun. [IockonbKy cTapeHne B OOBIYHBIX YCIOBUSAX HE BBI3bI-
BaeT U3MEHEHMs (Pa30BOTO COCTaBA U MEPEX0/1a U3 PEHTTEHOaMOP(PHOTO
COCTOSTHUS B KpucTayuinueckoe, To ocajiku Cr(OH)s nccnenoBanu He peHT-
reHorpaduuecku, a IpyrumMu Mmetogamu. Oka3anoch, 4TO NpU UX CTAPEHUN
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YMEHBIIAETCS HE TOJBKO PAaCTBOPUMOCTb B KUCIOTAaX M IIeso4ax, HO U
BEJIMYHMHA TEIIOThI PACTBOPEHHUSI, MATHUTHASL BOCIIPUUMYHUBOCTb, TU3JIEK-
TpHUYECKas MOCTOSIHHAS, aICOPOIIMOHHAs CITOCOOHOCTh, CIIOCOOHOCTH BOC-
craHaBiuBaTh Ag>0 10 Ag, OKHCISIEMOCTh IEPMAHTaHATOM KaJIHS U JIp.
OpnHako BCE€ 3TU CBOMCTBA IJI0XO BOCHPOU3BOAATCSA MPU MaJCHIIEM U3-
MEHEHHUH YCIOBHM OCAXK/ICHHUS, YCIOBHI CTapEHHsI U CITOCOO0B 00padoT-
KH 00pa3IioB.

CornacHo JaHHBIM HCTOYHUKOB [41, 42], MeXaHW3M CTapeHUs THIPOK-
cyaa XpoMa Ipu 0OBIYHOM TeMIlepaType M0/1 BOAOW WM MTOJ MaTOYHBIM
PacTBOPOM HEJIb3sI CBECTH HU K OJTHOMY M3 TPEX MPOLIECCOB: IETHAPATALIH,
YMEHBIIEHUIO CTETIEHU 00BOTHEHHS OCAIKOB MOJIEKYJIAMH BOJIbL; YKPYITHE-
HUIO YaCTHL, T. €. COOMPATENbHON PEKPUCTATITM3ALMHI; YIOPSI0YEHHUIO CTPYK-
TYpBI B CMBICJIE 00pa30BaHUs MOJIMMEPHBIX MOJIEKYJI C OJIOBBIMHU CBSI3SIMHU.

3.4. CoequHeHus Cu u Ni

['uapokcua Menu B MPUPOJIE HE BCTPEUYAETCS B CBOOOJHOM BUJIE.
[Tonyuenue npenapatuBHbIM nmyTeMm rugpokcuna meau (II), oreuato-
uiero ¢popmyiie Cu(OH),, — Henerkast 3anada. B oJHUX yCIOBUAX OCaJIKU
3arpsi3HSIOTCS. OCHOBHBIMU COJISIMH, & B IPYTUX — YEPHEIOT (JeruapaTu-
pytotcs), npespaiasich B CuO. Ckopocts neruapatanuu Cu(OH); 3aBu-
CUT OT criocoba nosyueHus. [lonHoe paznoxkenue Hactymnaet npu 15°C
yepes 9 mec., npu 30°C — yepes 86 4, npu 45°C — yepes 45 4. [Iporece
JETUIpaTalliy HeJb3s BBIPAXKATh YpaBHEHUEM

Cu(OH), = CuO + H0,

MOCKOJIbKY 00pa3yr0TCsl KOJIJIOUTHBIC YACTHIIbI, B CBSI3U C YEM PEIIAIOIIIM
(bakTopoM NIl CKOPOCTH JIETHAPATALMN SBIISIETCS TUCTIEPCHOCTh ITHX
yactull. [lo3ToMy oTiIenIeHne BOIbI CIeIyeT paccCMaTpUBaTh KaKk UHTEp-
MOJIEKYJIIPHYIO pEaKINIo HeUTpanu3amuu, u s ruapokcuaa meau (10),
o0J1aaromIero ¢nabo BEIpaKEHHBIMU aM(OTEPHBIMU CBOMCTBAMH, 3aITH-
CBhIBATh 3TOT MPOILIECC B BUJIE TAKUX YPABHEHUM:

Cu(OH), = Cu" + 20H;
Cu(OH), = CuO,* + 2H";
20H + 2H" = 2H0;
Cu?* + CuO»* = 2CuO.
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[Tocine MHOTMX MOUCKOB ObUI MPEJIOXKEH YIOOHBIN crioco0 mpu-
TOTOBJICHHS] YCTOWMYHUBOTO K JIETUIPATAIIMNA YACTOTO TUIPOKCHU]IA MEIH
Cu(OH)z. OtoT cnoco® 0CHOBaH Ha pa3yioKEHUU aMMHuakaTa Mmeau [19].

B pab6ote [39] paccMoTpeH criocob moydyeHus MOHOTHIpaTa TH/l-
pokcuna meau (II) Cu(OH). - H,O. Monoruapar runpokcuaa meau (1)
0onee ycroituus k aeruaparanuu, yeM Cu(OH),. OH He u3MeHsieTcs qaxe
npu Temneparype 140—150°C B reuenue 2—3 4. Pa3znoxeHne HaYUMHAETCS
tonbKo pu 160°C. Ycroitunocts Cu(OH): - H>O BbI3BaHa 00pa3zoBaHremM
MHOTOSIZIEPHOTO KOMILJIEKCA C OJIOBBIMU CBSI3SIMU.

[Ipu ocaxxaenuu ruapokcuaa meau (1) moas3yroTcs riIaBHBIM 00-
pazom pactBopamu Tpex coseit Mmeau: Cu(NOs),, CuCl, u CuSOs. Peak-
1siM oopazoBanust Cu(OH)2 u3 3TUX pacTBOPOB IMOCBSIICH PsiJl padoT.
brnaroaapst ncnonb30BaHuI0 00Jiee COBEPIICHHBIX METOJIOB UCCIIEI0BA-
HUS pa3JIMYHBIMUA aBTOPAMU OBLIH MOTYYEHBI COBMAAAIOINE PE3YIbTAThI
0 cocTaBe 00pa3yIIIUXCsl OCHOBHBIX cojieid Mmenu [40].

Ocaxnenue Cu(OH)2 u3 0,1 M pacTBopoB HUTpaTa, XJIOpuaa U CyJib-
(data Meu MpOTEKaeT Yepe3 MPOMEXYTOUHYIO CTaAu0 00pa30BaHuUs OC-
HOBHBIX coJieit moctossHHOTO coctaBa CuAn - 3Cu(OH),, rne An — aHu-
onsl NO3, CI 1 SO? . Vike nipu cootromenn NaOH / CuAn=1,5/1,0
KATHOHBI MEJIM IEPEXOISAT B OCAJ0K B BU/JIE BBIILICYITOMSIHYTO OCHOBHOM
cony, a npu cootHomienuu 2 / 1 — B Bune Cu(OH).. B unteprane coot-
Hommenwuit ot 1,5/ 1,0 1o 2,0 / 1,0 npeBpamieHre OCHOBHOM COJIN B TH/I-
POKCH/T TPOTEKAET 3a CUET TBEPA0(ha3HOM peaKIIUH.

[IpennoxeHo paznuyaTh JBa poJa OCHOBHBIX CYJb(aTOB: OCHOB-
Hele nMeO - mMeSOs4 u rugpoocHoBHbIe pMe(OH), - gMeSOq, rae Me —
nByxBaneHTHbIH MeTamn (N1, Cu). YcTaHOBIEHO, YTO HE3aBUCUMO OT
KOHIIEHTpAIIMU U TEMIIEPATYpPbl UCXOJHBIX PACTBOPOB OCAJKH BCEr/a
uMeroT oarHakoBbii coctaB CuSO4 - 3Cu(OH)> 1 1ar0T cX0/AHBIEC pEHTTe-
HOTpaMMbl. MeTobl uddepeHninanbHol TepMorpapuu, TEpMOTrpaBu-
METPHUU U CTYIIEHYATO-U30TEPMHUUECKOTO 00E€3BOKUBAHUS J10 TOCTOSH-
HOTO Be€ca B COUETAHUU C PEHTTEHO(PA30BbIM U XUMHUUYECKUM aHATU30M
MOKa3bIBaIOT, 4yTO NMpu HarpeBaHuu coeauueHus CuSO4 - 3Cu(OH)> po-
UCXOJST TPH Mpoliecca MpeBpalleHus, U3 KOTOPBIX MEPBOE U BTOPOE
00yCJIOBJICHBI TOTEPEH OAHOM U IBYX MoJieKyJ Boabl (pu 170 u 300°C
COOTBETCTBEHHO, a TpeThe — moTeper mosiekyasl SOz (mpu 690°C).
[Ipu nepBOM IpeBpallleHUU U3MEHSIETCS I[BET BellleCTBa (C 3€JI€HOBATO-
rosy0oro 70 3€J€HOr0) U YMEHBIIAIOTCA MEKIUIOCKOCTHBIE PACCTOs-
HUS B KpUCTalinueckoil pemierke. [lostomy mepsas monekyna H,O
B CuSOy4 - 3Cu(OH); oTHeceHa k BoJie ieoauTHOro TUna. [Ipu Bropom
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npespaieHuu oopazyercss CuO u ocHoBHOM cynbhar CuO-CuSOq, KOTO-
PBIii SABIIIETCS HEMTOCPEICTBEHHBIM IPOYKTOM JIETHApPATAIIN THIPOOC-
HOBHOTO CyJib(haTa MeM ¥ IEPEXOAUT B OCIIETHUI IIPU B3aUMOICHCTBUH
¢ Bojioi. TpeThe npeBpaiiieHre cooTBeTcTBYET pasnioxkeHnto CuO-CuSOs.
Hcxonst u3 3THX JaHHBIX (OPMYITY THAPOOCHOBHOTO CyJb(ara MeIr MOXK-
Ho mrcath Tak: (CuO - CuSOs) - 2Cu(OH): - H2O Bmecto CuSOs4 - 3Cu(OH).
Ot0 coenuHeHune, oopasyrorieecs rmpu cootHomenuu (7)) NaOH / CuSO4 =
=1,5/1,0, nanee npeBpamaercs B CuSO4 - 7Cu(OH)2 u Cu(OH)2 coot-
BercTBeHHO pu n=1,7/1,0u 2/ 1.

[To npyrum naunbM [39], CuSOs4 - 3Cu(OH),, i Cus(OH)2SO4, Te-
pseT nBe mosiekyJbl Boawl pu 120°C, a tpetsro — pu 355°C, naBas no-
ciepoBarebHO Cuz(OH)4SO;4 - CuO, Cua(OH)2SO4 - 2CuO u CuSO4 - 3CuO.
[Tocnennue aBa Bemectna npu 510°C nepexonst B CuO.

Nmeercst pa3nuyHas TpaKTOBKA TEPMHUUYECKHUX MPEBPAIICHHUM THIPO-
ocHoBHOTO cynbdara meaun CuSO4 - 3Cu(OH)s.

O0pazoBanue Ipyrux OCHOBHBIX CyJib(haToB Meau, kpome CuO - CuSOs,
HE JI0Ka3aHO HU MpHU TepMudeckoMm paznoxennn CuSO4 (Hauamo mpu
710°C), au ipu TBepaodaznom B3aumoaerictuu CuO ¢ CuSOs. OcHOB-
Hoi cynbdar CuO - CuSO4 mpu 858°C HaumHaet pasznaratrsces 10 CuO. Me-
TogoM MK-CreKTpoCKON1u B COYETAaHUHU C U30TEPMUUECKUM 00€3BOKH-
BaHUEM JIO IOCTOSTHHOTO BEca U XUMUYECKUM aHAIM30M MOATBEPK/ICHO,
YTO MPOMEKYTOUYHBIM MTPOTyKTOM TEPMUYECKOTO paziioxkeHus: CuSOy sB-
asiercst Toabko CuO - CuSOa.

I'uapokcua menu (I1) obnagaer ampoTepHBIMUA CBOMCTBAMH, TIO3TOMY
CIIOCOOEH pacTBOPATHCS B IIETI0YAX, JaBAsI B 3aBUCUMOCTH OT COOTHOIIIE-
Hus (n) NaOH / CuSO4 1u60 CuO (npu n < 5), 1160 TeTparuaApoKCoKyI-
put HaTpust Nax[Cu(OH)4] (mpu > 15), npuyem UBET pacTBOpa U3MEHS-
€TCsl OT CBETJIO-Toayooro (mpu n = 15) 1o TemHo-cunero (mpu n =~ 200)
[39, 41, 42].

IIpu n3ydyeHnn cOCTaBOB OCHOBHBIX COJIEH, OCAXIAE€MbIX aMMHUa-
koM u3 pactBopoB CuSO4, CuCly n CuBr2, ycranoBieHo MHOro 00-
IMX 3aKOHOMEPHOCTEN HE3aBHUCHUMO OT MPHUPOIbI coyied meau [43].
Okazanoch, 4TO IPU Pa3IUUYHBIX COOTHONIEHHUSIX aMMHUAK / COJIb MEJIHU
OCaXJIaI0TCSl COCIMHEHUS JIByX TUIIOB — O€3aMMHUauyHbIe U aMMHUAKCO-
nepxkaimue. Jlo coornomenus 1,5 / 1,0 amMuak necTBYeT Kak OCHO-
BaHue U ocaxaaet ocHoBHbIE coii CuAn - nCu(OH), - xH>O, rane An —
aunonsl SO , Cl” unn Br-. XapakTepHo, 4TO B ClIydyae MOUYTH PaBHBIX
KOHIICHTpAlUi coJiel MeIH MOJy4aroTcsi OCHOBHBIE COJU OJIMHAKO-
Boro cocrasa — CuAn - 3Cu(OH),. ITpu cootHomenuu n > 1,5/ 1,0
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Ha0JI0/1aeTCs pacTBOpPEHUE 0CaJiKa ¢ 00pa30BaHUEM OCHOBHBIX COJIEH
tuna CuAn - nCu(OH): - sNH3 - xH2O.

[Tpu nzyuenun pacteopuMoctu Cu(NO3)2 B BOAHBIX paCTBOPAX aM-
MHaKa yCTaHOBJIEHO 00pa30BaHHE aMMHUAKATOB IMOCTOSHHOT'O COCTaBa:
Cu(NO»)2-4NH;3 - HO, Cu(NO3), - 4NH3, Cu(NO3): - 3,5NH3u Cu(NOs)2 - 2NHs,
U3 KOTOPBIX B JIUTEpaType ObLJIO U3BECTHO TOJIBKO BTOPOE, a TAKKE aMMHU-
aKcoJep Kaliux ruJIpOOCHOBHBIX COJIEH MEPEMEHHOTr0 cocTaBa [44].

N3Becten apyroii criocod nosmyuenust o)cHOBHBIX cosield CuAn - 3Cu(OH),,
3aKJTIOYAOIIUICS BO B3auMoielicTBuu BojiHoM cycrien3uu Cu(OH); pac-
TBOpaMHU coJieil Meu (Cyb(haToM, HUTPATOM, XJIOPUIOM, XJIopaToM, (hop-
MHUATOM M TpUXJIOpaleTraTtoM). B cBsi3u ¢ 3TUM BbICKa3aHO 1a’Ke MHEHHE,
YTO MEepBOHAYAILHO U3 pacTBopoB ocaxkaaeTcss Cu(OH)z, koTopslil 3aTem
pearupyeT ¢ pacTBOpamMH Cojiei MeJIH, 1aBasi OCHOBHBIE COJIH.

Kpucranmmueckas crpykrypa Cu(OH)2 1o 1960 r. He Obl1a ycTaHOB-
aeHa. OOBICHSAETCS 3TO TPYAHOCTHIO MOIYYEHUSI MOHOKPUCTAILIIOB, KO-
TOpbIE YAOBJIETBOPSIOT TPEOOBAHUAM METOJ0B PEHTTEHOCTPYKTYPHOTO
aHanu3a. J1o 3T0oro BpeMeHH IPUBOIUIIN TOJIBKO 3HAYEHUSI MEXKIIOCKOCT-
HBIX PACCTOSTHUM M OTHOCUTEIIbHBIX NHTEHCUBHOCTEM JIMHAN, INTPUX-PEHT-
reHorpammy wiu napamerpsl HeoobsruHol aiist Cu(OH),; rekcaronanbHoM
PEUIETKH.

Kpucraimmueckas ctpykrypa Cu(OH), HamoMHUHaeT CTpyKTypy Cllerka
uckaxxenHoro senuaokpokuta y-FeOOH. Ctpykrypa Cu(OH), otnuya-
eTcst oT cTpyKTypbl ruapokcuaoB Mg, Ni (II) u Cd, uro ckaspiBaeTcs U Ha
MEXaHU3Me CTapeHus (CIIOCOOHOCTH K Aeruaparauy ¢ oopazoBanreM CuO).

JlaHHBIE 0 KPUCTAIIIMYECKOU CTPYKTYpPE HEKOTOPBIX OCHOBHBIX CO-
Jiel Meu BaKHBI B CBSI3U C CUJIBHBIM BIUSIHUEM MPUPOJIbI AaHHOHOB Ha
U3MEHeHue CTpYKTypbl kpuctamumyeckoro Cu(OH).. B To Bpems kak Juis
ocHoBHOrO HUTpara Mmeau Cu(NO3): - 3Cu(OH) naHbl TOJIBKO 3HaYEHUS
MEKIUIOCKOCTHBIX PACCTOSIHUN U OTHOCUTEIIbHBIX MHTEHCUBHOCTEM JIMHUU,
cTpykTypa ocHOBHBIX XJ1Iopua0B CuClz - 3Cu(OH); u CuOHCI uzyuena
noApoOHo. [lepBoe u3 3TUX COeTUHEHUH, KaK U €ro aHaJIoT — OCHOBHOM
opomu CuBr2 - 3Cu(OH)., umerot ciouctyto perierky. CuCls - 3Cu(OH),,
UMEET MOHOKJIIMHHYIO PEUIETKY.

B crpykrypax CuOHCI u CuCl; - 3Cu(OH); ouenb MHOTO 0OIIETO.
Crpykrypa CuOHCI (MoHOKIHMHHAs) 0Opa3oBaHa U3 UCKaKCHHBIX I'eK-
caroHaJbHBIX, CJIETKa TOGPUPOBAHHBIX TPOMHBIX CIIOEB.

XapakrepHas koopauHanus ajs karuonos Cu?" coxpansercs u B
npyrux ocHOBHBIX coJisix Meau — Cuz(OH)3;Br u Cu(OH)sl. O6a coenu-
HEHUS, aHAJIOTUYHO OMUCAHHBIM BbIIIE, UMEIOT MOHOKJIIMHHYIO PEIIETKY.
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HeycroiiuuBas B TBepaoM coctosauu cucrema Cu?'—I- B cTpykType
Cuz(OH)sl crabunuzupoBana nHannuuem OH-rpynm. [Ipu sTom paccto-
saaue Cu—I yBennunBaercs.

B kpucrannuyeckoil CTpyKType T'HAPOOCHOBHOIO Cysbdara Meau
CuSOs - 2Cu(OH), nmerotes aBa Buaa karnonos Cu?’ mo KoopauHamum,
U3 KOTOPBIX KaX/blil HAXOJIUTCSI BHYTPU UCKAKEHHOTO OKTa3apa. OaHu
roHbl Cu®" OKpyKeHbI B INIOCKOCTH KBajpara 4eTbipbMs OH-rpynmnamu,
a naras OH-rpynmna u non O~ pacnonoeHsl Mo 00€ CTOPOHBI OT 3TOM
IJIOCKOCTH Ha Pa3iM4HbIX paccTosHusx. Morsl Cu®" BToporo Buaa okpy-
’KEHBI B O/IHOM MtockocTd Tpemst OH-rpynmamu u nonom O, pacmosio-
’KEHHBIMHU Ha HECKOJIEKO PAa3JIMYHBIX PACCTOSHMSAX, U AByMs HoHaMu O,
KOTOpBIE MO-Pa3HOMY yAAJIEHbI B 00€ CTOPOHBI OT 3TOM Tu1ockocTu. Oba
Bua KatnoHoB Cu?" pacnonararorcs napaaieabHO OCH b POMOUYECKOM
pelieTK, UMEIOIIIeH cieayrolue napamerpsl: a = 2,949; b =10,58; ¢ =
=5,256 A; z=4, npocTpaHcTBeHHYIO rpynny Cmcm, CTPyKTypHOE U300-
paXkeHHe KOTOpOM MPUBENICHO Ha puc. 3.5.

L,

Puc. 3.5. Crpykrypa pomouueckoii pemerkn Cu(OH)2
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Merogamu NOTrjaoIIEHUsI CBETa U3yUYeHa KPUCTAJUITMYECKasi CTPYK-
Typa rajJoreHu 0B, TUAPOKCUIOB U TUAPOKCOTAIOTCHUIOB MeIU. Y CTa-
HOBJICHO, YTO BCE U3YUCHHBIC COCTUHEHUS UMEIOT XapaKTePHYIO JIJIs Ka-
trona Cu?* koopauHanmio (4 + 2).

[Ipu HarpeBaHuu u ctapeHuu noj MatounbiM pactBopoM Cu(OH):
npeBpamaerca B CuO. Bung tepMorpaBUMETpUYECKUX KPUBBIX THIPOK-
CHJia 3aBUCUT OT YCIIOBUW OCAXKIEHUS, T. €. IPUPOJIbI COJIM MEJU U OCATU-
TEJIsl, YTO CBSI3aHO € BO3MOXKHOCTHIO 3arps3Henust Cu(OH), ocHOBHBIMU
cosisimu. CBOOOTHBIN OT prMeceit OCHOBHBIX cosiert rusipokcu Cu(OH);
HauyuHaet aeruaparuposartses npu 100-150°C, a nmpu 400°C n3meHenue
Beca oOpasia yxe npekpamiaercs. Crapenue Cu(OH), ¢ o6pazoBanrem
CuO 0co0eHHO OBICTPO MPOTEKAET B MPUCYTCTBUHM B MATOYHOM PacCTBOPE
caenoB menouei [45-48].

Munepaisi coctaa Ni(OH), B mpupone He Bctpeuatorcsi. 'mapoxcun
Hukens (1) momyyaroT ocakeHHEeM U3 pacTBOPOB Pa3IUYHbBIX Cojlei. B oT-
mnure ot Mg(OH), ocaxaenune Ni(OH), npoucxoaut yepes3 MpoMexy-
TOYHYIO CTaJIUI0 00pPa30BaHUS OCHOBHBIX COJICH IEPEMEHHOTO COCTAaBa.
DTOT COCTaB 3aBUCUT OT MPUPO/IBI COJIEU U OCAIUTENIEH, COOTHOILIEHUS COJTN
Y 0CaJIUTENs1, KOHIEHTPALUU, TEMIIEPATyphl U MOPSAJIKA CMEIINBAHUS UC-
XOJHBIX PACTBOPOB, MPOJOIKUTENBHOCTH CTapeHHs OCaIkoB. EcTecTBEHHO,
YTO TaKO€ OOMIINE BIUAIONIUX (DAKTOPOB MPUBOJIUT K pa3HOOOpa3nio 00-
pa3yroIIMXCs OCHOBHBIX COJIEN HUKEIS, O COCTABE KOTOPBIX B JIUTEPATYpPE
HET €JIMHOI'0 MHEHUS.

Hukens B COOTBETCTBUU C BAJICHTHBIM COCTOSIHMEM JIaeT JBa THUIIA
TUJPOKCUJIOB: CBETIIO-3EJIEHBIN N'€KCAarOHAIIbHOM CTPYKTYPbI TUAPOKCHUT
nHukens (II) Ni(OH); u uepnsiii okcuruapoxcun Hukens (I11) NiOOH B
BUJIE O, 3- U Y-MoauduUKaIil. Y cI0BHs MOJIyYeHUs], CTPYKTYpa U CBOM-
ctBa NiOOH ommcansl B uctounuke [39].

st Ni(OH). Benmmumna pH Hauana ocaxnaenus (6,7—7,7) Bo3pac-
TaeT C YMEHbUIEHUEM KOHIIEHTpAIlMd PacTBOpa COJIM METajlia, a BEJu-
yuHa pH koHIa ocaxkienus (=9,5) He 3aBUCUT OT KOHLIEHTparuu [47].

B ucrounuke [49] onucaHo noiaydeHne THAPOKCOKOMIUIEKCA HUKEIIS.
[Tpu nossiiennu pH ¢ yyetom rugpoausa popMupoBaHHE TUAPOKCO-
KOMILJIEKCA UJET MO CXEME

[Ni(OH)4 mH>0]°**" + Ni*" + 2H20 — [Nix+1(OH)4s2e mH20]%*" + 2H,

¥ IPUBOIUT K 06pa3zoBanuio KoMruiekcos [Niz(OH)s os(H20)0,32]%3%".

Takue npeanonoxeHus NoATBEPKAAIOTCS TaK)Ke U peHTreHorpadu-
YECKMMU JaHHBIMU.
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[Tpu crexuomerprueckom koiauaecte ocaautens (NaOH) uz 0,01M
pactBopa Ni(NO3), Beimagaer Ni(OH), 0e3 mpumecu 0CHOBHBIX COJICH,
a mpu otHomeHnun Ni / OH = 1,0 / 1,9 oOGpasyercss ocHOBHas COJib
Ni(NO3)2 - 1,9Ni(OH)2, koTopast mpu epeMenuBaHiu ¢ MATOYHBIM pac-
TBOpOM B TeueHue 1 4 npu 25°C noaHOCThIO TUPOIU3YETCS.

N3 pactBopa NiSO4 B 3aBUCUMOCTU OT KOHUEHTPALIMHU OCAXKIAFOTCS
nBe ocHOBHbIE coyti — N1SOy4 - 9Ni(OH)2 u NiSO4 - 4Ni(OH),. Ilepnas ¢
TPYJIOM paszjaraercs Iel0ubio B MpoIrecce 00pa3oBaHus, HO C TCUEHUEM
BPEMEHU TUAPOIN3YETCS BOJOM, a BTOpas MPH THAPOIIH3E 00pa3yeT mpo-
MEKYTOYHBIEC MPOAYKTHI C MITHIO U MIECTbI0 MOJICKYJIaMU THAPOKCHUIA
Ha OJIHY MOJIEKYTy cyib(dara. IMeroTcs cBeieHUS O HATMYUHA OCHOBHBIX
cynbdaroB Hukens ¢ cootrHomenueM Ni(OH)z / NiSOg, paBubim 3, 4, 5
u 6 [49]. Onnako oOpa3zoBaHuE MEPBOrO U3 ATUX COCAUHEHUN HE TMOJI-
TBEPANIIOCH, @ TPETHE U UETBEPTOE, KAK 0KA3aJI0Ch, SIBIISIIOTCS IPOAYK-
tamu ruAposmsa NiSO4 - 4Ni(OH).. O6pa3oBaHue TOT0 OCHOBHOTO CYJIb-
¢ara, a Taxxe ero ananora NiCl, - 4Ni(OH). nokazaHo 6oJiee HO3JHUMHU
uccnenoBanusiMu. M3BectHo, uto u3 pazdasieHHbix (Menee 0,1M) pac-
TBOpOB N1SO4 ocaxkaercst uuctoiii rugpokcun Ni(OH),, a u3 6onee koH-
[EHTPUPOBAHHBIX — OCHOBHAsI coib 3NiSO4 - 4Ni(OH)..

Pentrenorpaduueckue nannpie mokaszanu, 9to NiClz - Ni(OH): u
NiCl; - 3Ni(OH); UMEIOT CIOUCTYI0 T€KCATOHAIBHYIO PEIIETKY, M0100-
Hyto Ni(OH),. [IpoBenensl ucciieoBaHus CTPYKTYPbl THAPOKCUTAIOTe-
HUJIOB psiJia METAJUIOB, B TOM YHCJIE OCHOBHBIX XJIOPUIOB HUKEJSI TUIA
NiOHCI u Niz(OH);ClI (unage NiOHCI - Ni(OH); [50].

Henocratok unu u30brtok ocaautens (o 14,4% npoTuB CTEXHUOMET-
PUYECKOT0 KOJIMUECTBA) BIMUSIIOT HA PACTBOPUMOCThH B aMMHUAKE TUJIPOK-
cuaa Hukens, noxrydeHHoro u3 1 H. NiSO4 u NaOH. PactBopumocTs na-
JaeT B pAly HenocTaTok — HopMma — u30siTok NH4OH u 3akoHoMepHO
pacTeT BO BCEX CIyyasx C MOBBIIIEHUEM KOHIIEHTpAIMU aMMHUaka (Ipu-
mensui 0,5-3,0 H. pacTBOPBI). DTO SABJICHUE O0OBICHICTCS HE H3MCHCHU-
€M JIMCIIEPCHOCTH OCAIKOB (OBLIN MOCTABIICHBI CTICIIMAILHBIE OTBITHI), a
YMEHBIIIEHUEM COJIEPKaHUS B HUX OCHOBHBIX COJIEH MPU NEPEXOJIE K U3-
OBITKY OCaJIUTEIIA.

CornacHo TepMOrpaBUMETPUUECKUM HCCIIEIOBAHUSAM TEMIIEpaTypa
neruapatanuu Ni(OH)2 B HEKOTOpOii Mepe 3aBUCUT OT YCIOBUN OCaXK]Ie-
Hus. [locne norepu HEOOIBIIIOTO KOTUYECTBA acOPOUPOBAHHON BOJIbI
B nuHTepBasie oT 100—-115 o 250-260°C nasiee HaUMHAETCS PA3I0KEHUE
T'MJIPOKCHU/IA, KOTOPOE MpakTHIecKH 3akaHumBaercs npu 500-530°C. Mak-
CUMaJibHasl yOBLIb B BeCce 00pa3IioB MPOUCXOIUT MpuMepHO okoiio 330°C.
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I'unpoxcun Hukens (I11), moxyuennsiit u3 pactBopoB NiSO4 u NaOH, Te-
psieT Bofy, npepaniasick B NiO npu gaBnenun 80 kOap u Temmneparype
344 £ 10°C.

[Tpoaykt Tepmudeckoro pazioxeruss Ni(OH)> — okcun vHukens (1)
NiO — sBnsieTcss €AMHCTBEHHBIM OKCHJIOM 3TOr0 METaljia, YCTONUNBBIM
npu temneparype Beiie 1100°C. B unrepsaiie ot 250 1o 1000°C cocran
IIPOJYKTa BCE BPEMSI U3MEHSETCS, MTOCKOJIBKY O0pa3yeTcsl HENpephIB-
HBIM psii TBEpABIX pacTBOpoB Kuciaopoaa B NiO. OcranbHble OKCHIBI
Hukens (N304, N1203 u NiOz) npeacTaBisioT co00il MaJloyCTOMYUBEIE
COEJIMHEHHUS, KOTOPBIE CIAEAYET CUUTATh TBEPABIMU PACTBOPAMH KHCJIIO-
pona B NiO. B c¢Bsi3u ¢ 3TUM OHM Ha3BaHbl OYH3€HUTOBOM (hazoi mnepe-
MEHHOT0 cocTaBa [51].

Takum 0Opa3om cienyeT KOHCTaTUPOBATh, UTO MOTy4aeMble Haubo-
jee CTaOUIbHbIC MOJIUTUIPOKCOKOMIUIEKCHI METAJUIOB COAEPIKAT pa3iiny-
HOE KOJIMYECTBO HECTPYKTYpHOU BoAbI (B Buae Moiekyn H20), kotopoe
3aBUCHUT OT ycJIOBUM oOpa3oBaHus. [Ipu mepexone oT pa30aBlieHHBIX
pPacTBOPOB K KOHLEHTPUPOBAHHBIM U OT MEJJIEHHOTO (1O KarlIsAM) Mpu-
OaByieHUS TUTPAHTA K OBICTPOMY (CTpyeii), a TaK)Ke B PsILy COJIEH HUTpa-
ThI — XJIOPUJIBI — CYJIb(AThI CTENIEHb 00BOAHEHHUS OCAIKOB YMEHBIIIAETCSI.
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METO/bI CMHTE3A
Y UCCJIEJIOBAHU CTIOMCTO-CTOIBYATBIX
MOHTMOPUJIJIOHHUTOB

Com=o 9

CaoiicTBa MOIU(MUIIMPOBAHHBIX MOHTMOPHIZIOHUTOB HCCIIEI0OBAIIUCH
C MIOMOUIBIO CIEAYIOIINX METOJIOB.

N3otepmbl afacopOiMu aMMHaKka, TMOKCUA Cepbl M O€H30J1a CHU-
MaJM B BaKyyMHbIX ycTaHoBkax npu 293K. O0Opa3ibl npeaBapuTeabHO
BAKyyMHUpOBaJIM B TeueHue 8 4 npu temnepatype 473K u naBneHun
2-10~* mm pr. cT. 3Hauenune Sy, 00pa3oB paccunthiBaay 10 5T Ha oc-
HOBAHUU JJAHHBIX HU3KOTEMIIEpaTypPHOU COpOIMH a30Ta Ha SKCIIPECC-aHa-
au3atope Micromeritics 2200.

3HaveHHS TIePBOTo 0a3aIbHOTO OTpakeHUS (doo1) ONIPEACIISIIN HA JTU-
dbpakrometpe Simens 5000 (Cu-K,— uznyuenue).

HK-cnektpsl chumanu Ha MK-ciekrpomerpe UR-50 Ha KBr.

Copeprxanre MOAUPUIIMPYIOIIMX HOHOB B 00pa3Iax OMpeaesisiu C
MOMOIIIBI0 aTOMHO-a0COPOIIMOHHOTO criekTpodoTomeTpa AAS-3.

HepuBarorpaduyeckuii ananus npoBoawin Ha STA 409 B unrep-
Basie Temmeparyp 20—-800°C npu ckopoctu HarpeBa 10 rpaja/mMuH B aT-
Mocdepe Bo3ayxa (Macca HaBecku 500 mr).

3nauenus pH cycnen3niit MoaupUIIMPOBAHHOTO MOHTMOPHUIIOHUTA
MOCJIE CTaIMM OTMBIBKH 3aMEPSUIH Ha MTPELM3UMOHHOM 1ppoBom pH-meTpe
OP 208/1.

B ocHoBe Bcex BeTpedaronxcs B JUTepaType CriocoO0B MOTyYeHUs
[JIMH CTOJ0YaTON CTPYKTYpPBI JEKUT HOHOOOMEHHAs aACcOpOIUs KaTHO-
HOB U3 pacTBOPOB. B cirydae ancopO1uu ruIpOKCOKOMITIIEKCOB METAIIJIOB
BO3MOXHBI HECKOJIBKO BapUAHTOB MTPOBEICHUs IpoLecca. boapIIMHCTBO
aBTOpOB [ 1-5] monp30BaNIMCh ClienyIOEeld METOIMKON: CMEITUBAIH Pa3-
0asnennsie (0,1 M) pactBopsl NaOH u conu MeTania, Hojy4yanu pacTBOp
C ompeIeTIeHHBIM MOJISIpHBIM cooTHOomeHneM OH™ / Me"", koTopoe co-
craBysuto 00br9HO OT 0 (otcyTcTBre NaOH) o 2,5-3,0. [omydennsiii pact-
BOP OCTAaBJISIA CTOATH Ha MPOJOJKATEILHOE BpEMs B pa3HbIX paboTax
ot 1 10 20 cyT 75t cTapeHus C 1IeJIbI0 YCTAHOBJIEHUSI PABHOBECHSI B ITPO-
neccax oOpa3zoBaHus U pacnaja IpoayKTOB THIPOJI3a — MONHSACPHBIX
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T'HJIPOKCOKOMIUIEKCOB MeTalljla. 3aTeM TaKOW pacTBOP JA00aBISIIN Me]l-
JIEHHO, TIpU NepeMelnBaHuu, K pa3dasneHnoi (100 mr/m) BogHOM nuc-
NepCUM TIIMHUCTOr0 MUHEpasa (B psijie clIydaeB st 00JIer4eHHsl poIiec-
COB 0OMEHA UCMOIb30BAIH MPEABAPUTENLHOE HA0YXaHUE TTTUHBI B BOAHBIX
pactBopax [IAB (rmonMBUHMIOBBIE CIIUPTHI, KAPOOKCUMETUIIEILTION03A,
aMuHBI ¥ 1p.) [6, 7]. Uepes 2—3 4 oTreHTpUuyrupoBaHHBINA ¥ TTPOMBITHIHA
IPOAYKT MPOCYIIMBAIN Ha BO3AyXeE NpH Temneparypax ot 60 mo 120°C.
[Tpu TakoM criocoGe moTyueHHs B MEXKCIIOEBbIE TPOCTPAHCTBA MIIUHBI ITPO-
HUKAIOT MOJOXKUTEJIBHO 3apSKEHHBIE OJIMTOMEPHI — TUIPOKCOKOMITIIEKCHI
MeTalljia, KOTOphIE 3aMeIIaloT TaM OOMEHHbIE KATHOHBI TTIMHUCTOTO MU-
Hepasa (00bIYHO UCTI0JIb30BaJICa Na-MOHTMOPUJUIOHUT). B aTOM citydae
CTPYKTYpa ¥ CBOMCTBA KOHEUHOI'O MPOAYKTA 3aBUCST MPEKIE BCETO OT
CTPOEHUS THIPOKCOKOMILIIEKCOB, KOTOPOE, B CBOKO OUYEPEb, ONPEACTSAETCA
KOJIMYECTBOM U IPUPOJI0M MOTUPHUITUPYIOIIETO areHTa, BpEMEHEM CTape-
HHSI PacTBOpa, cooTHoIeHreM B HeM OH™/ Me"", Temmniepatypoii pacTBopa.

CxeMa yCTaHOBKH MOJTyYEHHUS THIPOKCOKOMIUIEKCOB, UCTIOJIB3YEMOM
aBTOpaMM JJAHHON MOHOTrpa(uu, NPUBEICHA Ha PUCYHKE.

~38

| -0

CxeMa yCTaHOBKH MOITYUYEHUS TUAPOKCOKOMILIEKCOB:
1 — mtatuB; 2 — BOASHOW TEPMOCTAT; 3 — peakTop; 4 — A03aTop;
5 — Memanka ¢ peryJIMpyeMbIM YUCIIOM 000POTOB; 6 — TEpMOTIapa;
7 — XOJOIWJIbHUK; § — yIPaBJISIONIMN MTOTEHIIMOCTAT
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[Tpu cuHTE3€ THAPOKCOKOMITJIEKCOB TEMIIepaTypa cocTaBisiia 25 +
+ 2°C, yucno o6opotoB memanku — 500 06/mMuH. CMeleHueM pacTBO-
poB NaOH u conu MeTasuia moxydaid pacTBOP € ONpeIeTICHHBIM MOJISIP-
HbIM cooTHomenneM OH™ / Me™', koTopoe 00bIYHO MeITo 3HaueHwue 2,0.

Crnydau ¢ mapaMeTpaMu OTIUYAIONIETOCS CHHTE3a 0oJiee o IpoOHO
paccMaTpuBarOTCA B IIL. S.
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MOONPUILTNPOBAHUE CTPYKTVYPbI
MOHTMOPUIINIOHUTA HEOPTAHUYECKMMHA
JOBABKAMMA

o= =29

HecmoTpst Ha MHOT0OOpa3re METOI0B MOBBIIIICHHSI AKTUBHOCTH TPH-
POJIHBIX ATFOMOCHJIMKATOB, BO3MOKHOCTH UX MOJIM(DULIMPOBAHUS AATIEKO
He ucuepnansbl. [TogoOHOE MoaHdpUIIIPOBaHNE MOKET OBITH OCYIIECTB-
JICHO KaK MMyTeM U3MEHEHHSI CTPYKTYPbI aTIOMOCUIUKATOB, TAK M XUMHUH
MOBEPXHOCTH.

B sTOM nmnane ocoOblii HHTEpeC B KaueCcTBE 0O0bEKTOB UCCIIEIOBAHUMN
IPECTABIISAIOT CIIOUCThIE ATFOMOCHIIMKATHI, B YACTHOCTH MOHTMOPUJILIIO-
HUT. B mpeapiaymux riaBax 0TME4Yanoch, 9TO OJHUM U3 3P (HEKTUBHBIX
METOJIOB MPUIAHHs TOTIOJHUTEIFHON MOPUCTOCTH CIOUCTHIM MHHEpa-
JaM SIBJISieTCS MOAU(PUIIMPOBAHUE CTPYKTYPHI TJIMH HEOPTaHUYECKUMHU
COEIMHEHUSAMHU, TAKUMU KaK MOJIUTUIPOKCOKOMIIEKChl MHOTOBAJICHT-
HBIX METAJIJIOB.

BHenpenue oMMroMepHbIXx KAaTHOHOB B CIIOMCThIE MUHEPAIIBI MTPO-
TEKaeT MyTeM OOMEHa MEKCIOEBbIX KaTUOHOB HAa KOMIUJICKCHBIE TH/I-
POKCOKaTHOHBI C MOcienytouieil ux Qukcanueidr B MEKCIOEBOM IIPO-
crpancTBe. [Ipu 3TOM, MO MHEHHIO MHOTHX HCCIEa0BaTeNei, copOuus
OJTUTOMEPHBIX KaTHOHOB B CTPYKTYpE TIMH COMPOBOXKIAETCS 00pa3o-
BaHHUEM PAaBHOMEPHBIX CJIOEB F'MAPOKCOKATHOHOB, PACIIOIO0KEHUE KOTO-
PBIX MO3BOJISIET MOTYy4YaTh MPU TEPMHUYECKON 00paboTke (hUKCHpPOBaH-
HBIE AJFOMOCWIMKATBI C PETYISPHOM MOPUCTON CTPYKTYPOU, pa3Mephl
MOp KOTOPBIX MOTYT OBITH 3HAUWUTENHHO OOJIBINE, YeM B KPYITHOIOPH-
CTBIX IIEOJUTAX. DTO OOCTOSTENHCTBO OTKPHLUIO BO3MOKHOCTH UCIOJIb-
30BaHUsl (PUKCUPOBAHHBIX TJWH IS KaTAJIUTHUUYECKUX MPEBpaAICHUM
KPYTHBIX MOJIEKYJ, KOTOPbIM HEIAOCTYIHA BHYTPEHHSS MOBEPXHOCTH
IICOJTUTOB.

HecMmoTpst Ha oripeienieHHbIE yCIeXy B 00JIACTH CUHTE3a U U3yUEHUs
KPUCTAJUTMUECKON CTPYKTYPhI TJIMHUCTBIX MHHEPAJIOB CO CTOJIOYATON
CTPYKTYpOM, B IUTEPATYpPE OTCYTCTBYIOT CUCTEMATUYECKUE MCCIIEI0BA-
HUS IO CPAaBHUTEIILHOMY M3YUYCHHIO BIMSHIUSI YCIIOBHIA CHHTE3a (KOTHYe-
CTBa, IPUPO]IbI, OCHOBHOCTH MOJIU(DULIMPYIOIIUX ar€HTOB, COOTHOIIICHHUS
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METaJNIOB-KOMILJIEKCO0Opa3oBaTeiel A reTeposAEPHBIX MOTUTHIPOK-
COKOMIIJIEKCOB, KOHIIEHTPAIIMKU TJIMHUCTON CYyCIEH3MH) Ha MOPUCTYIO
CTPYKTYPY MUHEPAJIOB.

HenocraTtounsl Takxe UCCIEAOBAHUS 110 U3YUYEHUIO BO3MOKHOCTHU
WCIOJIb30BAHUS TIOJTy4aeMbIX COPOCHTOB B KAUECTBE KaTaIM3aTOPOB Op-
raHUYECKUX PEaKIUH.

Haunbonee n3yueHsl B 3TOM IJIaHE MOHTMOPUJITIOHUTOBBIC TJIMHBI,
WHTEPKAJIMPOBAHHbIE MOJUTHIpOKCOKaTuoHamMu Al u Zr. CBeneHus o
CBOMCTBaxX MaTepuasioB, KOTOpbIe coaepkat onurokatuonsl Fe, Cr, Ni u
psiza Ipyrux METaJJIOB, TPEACTABIISIONIMX OOJIBbIIION HHTEPEC B KAUECTBE
(UKCUPYIOUIUX areHTOB, HOCST OTPBIBOYHBIN XapaKTep.

5.1. CicCTeMa MOHTMOPUIJIOHUT —
TUIPOKCOROMITIEKCHI Al, Fe u Zr

JUJ1s1 BBISICHEHU S BIMSTHUS IPUPOBI ¥ KOJTMYECTBA TUAPOKCOKOMILIEK-
COB MHOTI'OBQJICHTHBIX METAJUIOB HA CTPYKTYPY U CBOMCTBA MOHTMOPHII-
JIOHWTA ObUTH CUHTE3UPOBAHBI 00Pa31bl MOHTMOPHIJIOHUTA, MOIU(DULIU-
POBAHHOT'O MHIWBUY AJTbHBIMH TOJTUTUIPOKCOKOMIUIEKCAMU aTFOMUHUS,
xKeses3a, IUPKOHUS.

Bo16op coenunenuit Al, Fe, Zr nns moauduunpoBaHus TTMHACTOTO
MHHEpasa ONpeesIsuIcs LIMPOKUM UCTIONb30BaHUEM OKCUIHBIX (POpM ATHX
METAJIJIOB B KAYECTBE COCTABHOW YaCTH KaTaJIM3aTOPOB U aJCOPOEHTOB,
B TOM UHCJIE U B BUJE JOOABKH K INIMHUCTBIM MUHEpAIaM I'PyNIbl MOHT-
MOPHJUIOHHTA.

[TpoBeeHHbIE paHee HCCIEIOBAHUS TAKUX CUCTEM OBbLIM HaIpaB-
J€Hbl B OCHOBHOM Ha M3y4Y€HHUE BIHSHHS yCJIOBUH (HOpMUPOBaHUS
IUAPOKCOKOMIUJIEKCOB B BOJIHOM PACTBOPE Ha CTPYKTYPY KOHEYHOTO
npoaykra. [lostoMy 115 6oJiee neTanbHOTO U3YUEHHUS BIUSHUS KOJIU-
YeCcTBa BBEJIEHHBIX T'MAPOKCOKOMIUIEKCOB HAa CBOMCTBA TJIMHBI B pa-
oore [1] ObuM mosydeHbl 00pa3lpl MOAUPUIIMPOBAHHOTO MOHTMO-
PUWIIOHUTA pacTBOPAMH, COAEPKAIUMHU THAPOKCOKoMIUTIeKCH Al, Fe
u Zr B kommuectse 5, 10, 15, 20, 25 mr-skB Me"'/r rnunbl. OOpa3is
OBLIIM CUHTE3UPOBAHbI IIyTEM CIMBAHUS BOAHBIX CycleH3Ui Na-MOHT-
MOPHWJIJIOHUTA C BOJHBIMU PacTBOPAMM MOJUTHIAPOKCOKOMILIEKCOB.
Ha ocHoBanuu gaHHbIX peHTreHodaszoBoro anamusza (tabiu. 5.1) yc-
TaHOBUWJIM, YTO MpPU BBEJAEHUU B COCTAB TIJIMHBI T'MIPOKCOKOMILIEK-
COB BCE€X M3YUYEHHBIX METAJJIOB NPOUCXOJMUT pPa3ABUKECHUE MAKETOB
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TJIMHBI, O Y€M CBHJICTEIIbCTBYIOT U3MEHEHHS IEPBOTO 0a3aibHOTO OT-
paxenus (doo1) ¢ 9,2 A y ncxonnoii rauust u o 17-20 A y moaudu-
UPOBAHHBIX 00pa3oB. IIpu 3TOM 3aBUCUMOCTB CTENEHU Pa3BUKE-
HUS MAKETOB OT KOJUYECTBA BBEJICHHOTO FUIAPOKCOKOMIIIIEKCA UMEET
IKCTPEMAJIbHBIN XapakTep.

[TonoxeHne MakCUMyMa OIpeAessieTcsl IPUPoAor MeTaia, oopa-
3YIOLIEro «CcTonouK». Tak, A o0pa3oB, MOAU(PUIUPOBAHHBIX THIPOK-
COXJIOPUIOM ITUPKOHUS B KOIUYECTBE |5 Mr-3KB/T TIIMHBI, MAKCUMAIIEHOE
3HAuEHHE MEXKCIIOEBOr0 paccTossHus cocTasiuseT 20,36 A.

Tabmmia 5.1
AICOPOLIMOHHO-CTPYKTYPHBbIE TAPaAMETPhI
U MEKCJI0eBble PACCTOSIHUS 00pa310B MOAU(PUIIMPOBAHHOTO

MOHTMOPHJ/IJIOHUTA
KoHnenrpanus Syn, M2/T
TUAPOKCOKOMILIEKCA Vs, cM>/T doot. A
MeTalIa, o Nz o CsHs (CeHe) ’
Mr-3kB Me”'/T rimmHbl
HcxonHbpiil MOHTMOPUIUIOHUT
- 80 65 | 008 | 920
I'mapokCcoOKOMILIEKC aTFOMUHHUS
5 136 96 0,201 17,65
10 182 149 0,213 18,90
15 203 157 0,131 17,63
20 371 168 0,134 17,60
25 311 194 0,127 17,60
I'mppokcokoMILeke xemnesa
5 266 213 0,137 15,57
10 237 207 0,152 16,40
15 204 186 0,132 16,07
20 197 180 0,131 15,87
25 182 167 0,130 15,59
['1IpOKCOKOMITIIEKC IIMPKOHUS

5 181 173 0,144 16,09
10 208 151 0,150 17,65
15 214 165 0,160 20,36
20 212 112 0,121 16,54
25 193 112 0,107 16,05
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[Ipu Mcnonap30BaHUM B KaueCTBE (PUKCHUPYIOIIMX areHTOB TUAPOK-
COXJIOPHUIOB AIFOMHHUS WIIM Kejie3a MaKCUMallbHOE 3HaUeHue doo1 Ha-
OJroaeTcsl MpH UX MCXOTHOM cojepkaHuu 10 mr-skB Me"'/r TIHMHBI
1 COOTBETCTBEHHO cocTapiseT 18,9 u 16,4 A. Ilpu cpaBHenun Gpopm nu-
KOB IEPBBIX 0a3aibHBIX OTPAXKEHUHN ISl BCEX CUCTEM IPOCIIEKUBACTCSA
OIIpEeEJICHHAs] TEHAEHUMS: TI0CIIe TOCTHKEHUSI MAKCUMAIbHOTO 3Ha4e-
HUS door IPU JaJbHEHIIEM YBEJIMYEHUHM KOJIMYECTBA BBEIECHHBIX THJ-
POKCOXJIOpPUJIOB JIFOMUHUS U KeJle3a HAOII0JaeTCsl YMEHBIICHUE 3Ha-
yeHU dooi C OJTHOBPEMEHHBIM CHUKEHHUEM WHTEHCHUBHOCTU IUKOB, a
TaK)K€ UX YIIUPEHUEM.

OTO NPOUCXOAUT, BO-TIEPBBIX, U3-3a PA3YIOPSAOUEHUSI CTPYKTYPbI
00pa31oB, CBA3aHHOTO C MPOIECCOM BHEAPEHUS T'MAPOKCOKOMILJIEKCOB
IOMUHUS, JKeJIe3a U TUPKOHUS HE TOJIBKO MEXIY CIOSAMH, HO M 4Ya-
CTUYHO BHYTpPb HX.

Bo-BTOpBIX, C YBETMUEHUEM COJIEPKAHMS KOMILIEKCA MTPU COXpaHe-
HUU OJIMHAKOBOTO0 00beMa pacTBOPOB, MPOUCXOAUT cABUT pH cpenbl B
Oosee KHUCTyr0 00JacTh, @ ATO BEAET K 00pa30BaHMIO KOMILJIEKCOB C
MEHBIIEH CTENEHbI0 MOJUMEPU3ALNU, YTO U CIOCOOCTBYET yYMEHbIIIE-
HUIO MEKCIIOEBOI0 PACCTOSTHUS.

Ananu3 UK-crnekTpoB CBUAETENBCTBYET 00 aHAJOTUYHBIX U3MeE-
Henusx. Ha UK-cnekrpax MoauduuupoBaHHbIX 00pa3IoB M0 CpaBHE-
HUIO C UCXOJHOM IIMHON HaOJI01aeTCsl yBeIMUYEeHHEe HHTEHCUBHOCTHU
JMHUM TOTJIOIEHUS BaJIEHTHBIX U 1€(pOPMALMOHHBIX KOJIEOaHU MO-
nexyn Boabl pu 3440 u 1625-1635 cm™! coorBeTcTBEHHO. DTO 00Y-
CJIOBJIEHO TE€M, YTO TUIPOKCUIIbHBIE TPYTIIBI OJTUTOMEPHBIX THIPOKCO-
KOMIUIEKCOB BHOCSIT CBOM BKJIAJl B YCUJIEHUE HHTEHCUBHOCTH TAHHBIX
KoJieOaHU .

MakcuMainbHast ”HTEHCUBHOCTD 3THX T0JIOC COOTBETCTBYET U MaK-
CUMaJIbHOMY 3HAaUYE€HHIO MEKCI0E€BOT0 paccTosinus. [Ipu BBeneHnu ru-
POKCOKOMILJIEKCA B KOJIMUECTBE, OOJIBIIEM YEM TO, IPH KOTOPOM Ha-
OJirofaeTcsi MaKCUMaJIbHOE 3HaYeHUe dooi, MPOUCXOJIUT YIIUPEHUE U
CHUKEHHE MHTEHCHUBHOCTH 3TUX Iojoc. Kpome Toro, Hainuue rieya
npu 3440 cMm! ykasplBaeT Ha YMEHBIIEHHE COAEPKAHUS KPEMHUS
BCJIE/ICTBHE 3aMEIICHUS €ro B TETPA3JIPUUYECKUX CIOSX MOHTMOPHII-
nonuta. Crenyer OTMETUTh, YTO B 3aBUCUMOCTH OT MPUPOJIbI METal-
Ja, 00pa3yroIIero OJUTrOMEPHBIA KOMIIEKC, pa3Mephl IIeua MEHSIOTCS.
[To BenuuyMHE BIMSHUS, MPUBOASLIETO K JTAHHBIM HU3MEHEHHSIM, Me-
TaJJTBI-KOMILIEKCOOOPa30BaTEIN MOKHO PACIIONIOKHUTH B CIETYIOIIHIMA
psaa: Al < Zr < Fe.
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OO61mast xapakTepUCTHKA aJICOPOIIMOHHO-CTPYKTYPHBIX CBOMCTB UC-
CJICIOBAaHHBIX 00PA3II0B MOXKET OBITh JIaHA Ha IIPUMEPE U30TEPM aJICOPO-
UU-JecopOLUU TapoB OE€H30J1a MOHTMOPUIUIOHUTOM, MOAU(PUITUPOBAH-
HBIM THIPOKCOKOMIIJIEKCAMU HUPKOHHSI.

[To xkmaccudukaruu MIOITAK 3TH n30TepmMbl MOKHO OTHECTH K
tuny H4, xapakTepHOoMy JU1s1 MUKPOTIOPUCTBIX 00Pa3L0B, CONEPKALIUX
nieaeBuHbIe MOPhl. O HATUYMU MUKPOIIOP CBUAECTEIBCTBYET PE3KUM
NOABEM M30TEPM B 00JIACTH HU3KUX OTHOCHUTENBHBIX AaBienuil. [ler-
JIU TUCTepe3nca, HabmogaeMbie TPy 00JIee BBICOKUX OTHOCHUTEIHHBIX
JIaBJICHUSX, YKA3bIBAIOT HA MPUCYTCTBUE MOP MEPEXOIHBIX Pa3MEePOB
(me3orop).

PesynbraThl ancopOLMOHHO-CTPYKTYPHBIX HU3MEPEHUM, MpPe/ICTaB-
JIeHHBIE B Ta0J. 5.1, CBUAECTENBCTBYIOT O TOM, YTO JJISl BCEX MOAU(PUIIHU-
POBaHHBIX 00PA3IOB HAOIIOAACTCS YBETUUCHHE TUIOMAIHN yASTbHOM M0~
BEPXHOCTH M COPOIIMOHHOT'0 00beMa 110 CPaBHEHHUIO C HCXOTHOM TITMHOM
B 2—4 u 1,5-2 pa3a cooTBeTcTBeHHO. [lapaMeTpbl 00pa3IoB ¢ yBeaude-
HUEM KOJIMYECTBA MOAUPUIIUPYIOLIETO TUAPOKCOKOMIUIEKCA U3MEHSIFOTCS
KCTPEMAIIBHO.

Tak, HanpuMep, TJIMHBI, THTEPKATUPOBAHHBIC KOMILIEKCAMU aJTIO-
MUHHS ¥ Kese3a, 00J1a1aloT MaKCUMaJIbHBIM 3HAYE€HUEM COPOIIMOHHO-
ro oobema npu cofepxanun 10 Mr-skB Me"" Ha | T MJIHHBIL, a B Cliydae
MOIU(UIIMPOBAHHUS €€ KOMIUIEKCAMHU IIUPKOHMS — MpH 15 Mr-sxB Me""
Ha | r rmHbL. [JansHeliiee yBenuueHue B 00pasiax cojepKaHus ruj-
POKOMIUIEKCOB YKa3aHHBIX METAJIOB MPUBOJAUT K IIOHMKEHUIO COPOIIU-
OHHOM €MKOCTH. YBEJIWYECHHE KOJIUYECTBA MOAUPUIMPYIOIIETO KOM-
MJIEKCa BBI3BIBACT MOCTENICHHOE YMEHBIIICHHUE yACIbHON MOBEPXHOCTHU
B CIIy4ae KOMIUJIEKCOB JKelie3a U IIUPKOHUS U YBEJIUYEHHE €€ B Cllydyae
KOMILJIEKCA aTIOMUHUSL.

K v3MeHeHHIO0 BENWYUHBI YJEIbHON MOBEPXHOCTH U 00beMa Mop
npu MOAUGMUIIMPOBAHUY TJIMHBI TUIPOKCOKOMILIEKCAMU MPUBOJST JIBA
OCHOBHBIX Tpoliecca: COpOIusi KOMIUJIEKCOB Ha MOBEPXHOCTH YACTHII
MOHTMOPHUJUIOHUTA U 00pa30BaHUE KOMIUIEKCAMH CAMOCTOSATEIIbHBIX ar-
JomepaToB. B mepBoM ciydae mociie BhICYIIMBAHUS OOpa3yrOTCs IMpe-
MMYULIECTBEHHO LIEJIEBUIHBIE MUKPOTIOPHI, pa3Mepbl KOTOPBIX OIpene-
JISFOTCS IPUPOJION THIPOKCOKOMILIEKCA, Er0 KOJIMYECTBOM U YCIIOBUSIMU
dbopMHpoBaHUs TOPUCTOM CTPYKTYpHI. [Iprdem cTpykTypa KoMIuiekca B
OOJIBIIICH CTENEHHU BIMSIET HA PA3/IBIXKEHHE CIIOEB TJIMHBI U «BEPTUKAIIb-
HBI» pa3Mep TMop, a ero KOJIWYECTBO — Ha IJIOTHOCTH a/IcOpOUpOBaH-
HOT'O TOBEPXHOCTBIO MTAKETOB CJIOS U PACCTOSIHUE MEKIY «CTOJIOMKAMI»
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nocie BeicymuBaHusa. OOpa3oBaHuE U3 T'HJIPOKCOKOMIUIEKCOB Ooiee
KPYIHBIX YaCTHI] TPUBOJUT B JAJIbHEUIIIEM K YBEJIMUEHUIO KOJIMYECTBA
Me30- 1 Makponop. OJTHaKO 3TO CTAHOBUTCS 3aMETHBIM TOJIBKO MTPH 3Ha-
YUTEIHHOM M30BITKE THAPOKCOKOMILIIEKCA IO CPABHEHUIO ¢ OOMEHHOM
CIIOCOOHOCTHIO TJIUHBI.

C y4eToM CKa3aHHOTO pe3yJIbTaThl UCCIIEIOBAHMS TO3BOJISIFOT MPE/I-
MOJIOKUTh, YTO MIPU ONPEEIECHHBIX KOJIUYECTBAX TUAPOKCOKOMILIIEKCOB
(5-10 mMr-sxB Me"" Ha | T IIMHBI JUTIsE KOMITIEKCOB KEJI€3a U allFOMHHHS,
10—15 mr-ske Me"'/r TIMHBI 17151 KOMIUIEKCOB IIUPKOHUS) JOCTHTacTCs
HanOOJb1Ias TUIOTHOCTh UX PABHOMEPHOT'O PACIIONOKEHUS B a7ICOpOLU-
OHHOM CJIO€ Ha MMOBEPXHOCTHU TJIMHBI.

JlanbHelee yBeIuyeHne KOHIICHTPAIUU KOMILIEKCOB MPUBOIUT
K «3a0MBaHHUIO» MUKPOIIOP Y 3HAYUTEILHOMY YMEHBIICHHUIO COPOIIH-
OHHOro o0bveMa. [ToBbIIEHNE yIeTbHON TOBEPXHOCTH Al-MOHTMOpPHII-
JIOHUTA MOXET OBITh CBSI3aHO C YBEJIUUYECHHEM CTEICHU CIIMBKHU CJIOCB
MIPU MOBBIIMIEHUH COAEPKAHUS TUAPOKCOKOMILJIEKCA. DTO CTAHOBUTCS
BIIOJIHE BEPOSATHBIM C Y4ETOM TOT0, UTO yMeHblenue pH cpensl npu
OOJIBIINX KOHIIEHTPAIUAX THAPOKCOKOMIIJIEKCA CITIOCOOCTBYET 00paso-
BAHUIO OJINTOMEPHBIX YACTHUI] C MEHBIIIEH CTENIEHBIO MOIUMEPU3AIUU U
MEHBIIUMH pa3MepaMu. bojee MmiIoTHas ymakoBKa TakKMX THAPOKCO-
KOMIUJIEKCOB B MEXKCJIOEBOM MPOCTPAHCTBE MOHTMOPHUJUJIOHUTA MPU-
BOJIUT K O0Opa30BaHUIO TOCTE TEPMHUUYECKON 0O0pabOTKH CTOIO0YATOM
CTPYKTYPBI C TOpaMU MEHBIINX pa3MepoB. CieayeT OTMETUTh, OAHAKO,
YTO MPHU 3TOM MPAKTHUUYECKH HE M3MEHSIETCSI MEKCIOEBOE PACCTOSHUE
rIUHBI (cM. Tabm. 5.1).

Takoe npoTuBopedre MOKHO 00BSICHUTD, TO-BUIUMOMY, pPa3Iny-
HBIM T€OMETPUUECKUM PACIIOI0KEHUEM aJCOPOUPOBAHHBIX THAPOKCO-
KOMILIEKCOB.

Hanuure MUKponop noaTBepK1aeTcsi CpaBHEHUEM BEJIMYHH Y IEIbHON
MOBEPXHOCTH, TMOJTYYCHHBIX KaK METOJIOM HU3KOTEMITepaTypPHOIi aicopo-
IIMU a30Ta, TaK 1 [0 cCOpOIMM apoB OeH301a. B mepBom cityyae BeTMUHUHbI
yAEIbHOU MOBEPXHOCTU MOAUDUITUPOBAHHBIX 00Pa3IOB, KaK BUIHO U3
Tabia. 5.1, cylecTBEHHO BHIIIIE, YeM B ciiydae copOuuu 6enzona. [1pu-
YUHA 3TOTO, MO-BUUMOMY, OOYCIIOBIIEHA TEM, YTO B Mporiecce MoAuGu-
UPOBAHUS CTPYKTYPhl MOHTMOPWIJIOHUTA (POPMUPYIOTCS TTOPHI, HETO-
CTYIIHBIE JJI1 KPYITHBIX MOJIEKYJI O€H301a.

Ha xpuBbIx pacnpeneneHusi o0beMa NepexoaHbIX MOpP MO AUAMET-
paM HaOJI01aeTCs IBA YETKO BRIPAXKEHHBIX MAKCUMYMa, JIEXKAIIUX B 00-
nactsax 40-50 u 70-80 A (puc. 5.1). O6pazoBaHue GUMOPUCTOI CTPYKTYPHI
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00pa3IoB, MO-BUAMMOMY, CBSI3aHO C arJioMepalueil rIIMHUCTBIX YaCTHII,
XapaKTepoM UX 00bEMHOM yIaKOBKHM U B3aMMHOW OpHeHTaluen nedop-
MHUPOBAHHBIX KPUCTAUIOB MOHTMOPHWIJIOHUTA KaK OTHOCHUTEIIBHO APYT
Jpyra, Tak 1 OTHOCUTEJIBHO UX KOHTJIOMEPATOB.
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Puc. 5.1. KpuBble pacnipenienenus nop mo JuameTpam Ha oOpasnax
MOHTMOPHJUIOHATA, UHTEPKATUPOBAHHOT'O THIPOKCOXIOPUIHBIMU
KOMIUIEKCAaMH [IUPKOHUS B CIEAYIOINX KOJIMYECTBAX:

a—0(); 6 —15 (II); 6 — 20 (IIT) Mr-sxB Zr/T TIUHBI



http://chemistry-chemists.com

92 I'maBa 5. MoguuUIIMpOBaHe CTPYKTYPbl MOHTMOPU/IJIOHUTA

Takum 00pazom, NOTy4eHHBIC TAHHBIE CBUIETEIBCTBYIOT O TOM, UTO
CTPYKTYpa CJIOUCTO-CTOJIOUATHIX COPOCHTOB, CHHTE3UPOBAHHBIX ITyTEM
BBEJICHHUSI B MOHTMOPUWJJIOHUTOBYIO TJIMHY MOJUTUIPOKCOKOMILIEKCOB
ATFOMUHMUS, 5KeJie3a U IUPKOHMUSL, 3aBUCUT OT KOJIMYECTBA BBEJIEHHOT'O TH/I-
POKCOXJIOpH/JIa METAIIJIA B MEKITAKETHOE MTPOCTPAHCTBO MITMHUCTOTO MHU-
HepaJia, TPUPObI U pazMepa MOAUPUITMPYIOIIETO areHTa.

5.2. CucTeMa MOHTMOPUIITIOHUT —
TUPOKCOKOMIIEKCHI Fe3*

B nanHoMm paznerne npenctaBieHbl pe3yIbTaThl UCCIIEIOBAHUM 1O BbI-
SBJICHHIO (PaKTOPOB, OKA3bIBAIOIINX ONPEAEISIOIIEE BIUSHUE HA TapaMeT-
PBI TOPUCTOU CTPYKTYPBI U TEPMOCTAOUIILHOCTD Ha CTAJIUU CUHTE3A CJI0-
HCTO-CTOJIOYATOTO JKEeJIe30Co IeprKaIiero MOHTMOpruIoHuTa [2]. JIis aToro
OBLITN TIOJTYYEHBI YETHIPE CEPUM 00Pa3IIOB, B KAXKIOW U3 KOTOPHIX Baphb-
MPOBAJICS OJIMH U3 CIEAYIOIINX NapaMeTpPOB MPU NOCTOSTHCTBE APYTHUX:
ocHOBHOCTSE (1 = OH~/ Fe**), xonuenrpauus (Crrk) 1 06beM (Virk) npu-
JMBAEMOI'0 pacTBOPA MOJUTHAPOKCOKOMILIIEKCA, KOHIIEHTPALIUSI TJIMHU-
croii cycreH3uu (Croaums).

[lepBas cepust 00pa3uoB (Tadi. 5.2, 00pa3upl Ne 1-5) Obuia nosryueHa
IyTEM KOHTaKTUPOBAHHs PaBHBIX 00beMOB (1o 1 am®) 1%-Holi cycren-
3UM TJIMHBI U PACTBOPA OJIUTOMEPHOI0 MOJIUTHAPOKCOKOMILIEKCA C TO-
CTOSHHOM 0CHOBHOCTBIO (OH ™/ Fe*" = 2), Ho ¢ pa3nuuHOi KOHIEHTpaueii
*kele3a. Poct yziennbHON MOBEPXHOCTH U IEPBOT0 6a3a1bHOTO OTPaXKEHHUS
Ha U pakTorpaMMax CHHTE3UPOBAHHBIX COPOESHTOB MOKA3bIBAIOT, YTO B
pesynbTaTe B3auMozeicTBus noauruapokcokomiviekcos (IIFK) Fe** ¢
IJIMHOM TIOCTIEIHUE, MPOHUKASI B MEXKCIIOEBOE MPOCTPAHCTBO MUHEpaa,
BBI3BIBAIOT PA3BMIKEHHE €0 AIEMEHTapHbIX cioeB. V3 naHHbIX Ta0d. 5.2
U puc. 5.2-5.5 BUIHO, 4TO AJ1s1 00Opa3IoB, MOJYYEHHBIX TAKUM 00pa3oMm,
XapaKTepHO SKCTPEMaIbHOE U3MEHEHHE YJIeNbHOW MOBEPXHOCTU (Syx),
MEKCIIOEBOTO PACCTOSAHUS door M COJIEPKAHUS JKeJie3a B KOHEUHOM MpO-
JIYKT€ B 3aBUCUMOCTH OT MUCXOJHOW KOHLICHTPAIUU Fe** B IIT'K. Tax,
Hanpumep, pu koHuenTpauu Fe*™ B TITK 10 Mr-sks/r riauHbl HaGIr0-
JAI0TCA HauOOJbIINE 3HAYEHUS BEIMYUH Syx U doo1, @ MAKCUMAJIBHOE CO-
JiepKaHKe jKeJie3a B KOHEUHOM 00pasiie PUKCUPYETCs IPY KOHUEHTPAuU
20 mr-»kB Fe?'/r rmunsr B coctase [ITK. VBennuenne KOHLIEHTPALUU
[IT'K Fe*" Bei3biBaeT ymenbinenue pH cmecu. U3BeCTHO, YTO 1O MepE
YMEHBIIICHUS] KOHIIEHTPAlMU THPOKCUA-HOHOB B pacTBOPE MPOUCXOIUT
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CHIDKEeHME cTeneHH noamMepusauuu gparmentos [1I'K ¢ nocneayromum
UX NEPEXOJOM CHavalla B MOHOsiAepHbIe rupokcokomiuiekcsl (MI'K), a
3aTeM B HETWAPOJM30BaHHbIe HOHBI Fe¥*, Benmencreue 310ro npu KoH-
nentpanusax I[II'K Beime 10 mr-sks Fe**/r rmunasl Hapsany ¢ nporeccom
oOMeHa OCHOBHBIX MOJMTUAPOKCOKATUOHOB )KeJie3a Bce OObIIYIO pOJib
HauYMHAEeT UrpaTh OOMEH Ha MOHOSIEPHbIE U HETUAPOJIN30BAHHBIE QOp-
MBI JKEJe3a.

Tabmuma 5.2
Bausinue ycjioBUi cMHTE3a
Ha cBoiicTBa 00pa3uoB MOHTMOpH/LIOHUT — [IT'K Fe

No [Tocrosinubie | Bappupyewmstii | AncopOupoBano | pH cmecu
- rapaMeTpsl rnapamerp Ha rimne Fe’', nepen | dooi, A
obpasua CHUHTE3a CUHTE3a Mac. % OTMBIBKO#
ITepBas cepust
Crirk, MT-3KB/T TJIHBI
1 Virk = 1000 M 5 4,28 2,86 | 15,57
2 10 7,78 2,70 16,40
OH /Fe** =2
3 15 9,34 2,53 16,07
4 Cram = 1 Mac. % 20 10,89 2,44 15,87
5 25 8,94 2,35 15,59
Bropas cepus
Vrrk, M
6 6,7 2,73 2,03 17,54
7 OH /Fe™ =1 13,5 4,67 001 | 17.65
8 Cririe = 300 MI-5KE/1 27,0 5,84 2,01 17,60
9 40,5 7,79 2,01 17,42
10 | Cromu = 1 mac. %, 54,0 8,56 2,01 17,35
11 67,5 10,12 2,01 17,30
Tperss cepus
Vrrk = 1000 mi n=OH /Fe™
12 0,00 4,69 2,06 13,40
13 Crirk = 15 Mr-9KB/T 0,50 6,23 2,07 21,10
14 TJIMHBI 1,00 8,17 2,10 24,00
15 1,50 11,67 2,25 25,00
16 | Crmm haac- % 00 9,34 2,53 | 16,20
17 2,37 8,86 4,49 16,07
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OxoHuanue Tadm. 5.2

No [Tocrosinubie | Bapeupyewmstii | AncopOupoBano | pH cmecu
oGnase | MAPAMETPBI mapamerp | HarmuHe Fe*', | mepen |dooi, A

pasll CHHTE3a CHHTE3a mac. % OTMBIBKOM

Yersepras cepust
CFJ'II/IHbI, Mac.%
Vrrk = 1000 Mt

18 1,0 5,84 2,01 17,60

19 OH /Fe3 =1 3,0 1,95 2,39 16,20

20 6.0 1,56 2,46 16,08

o1 |Cirk= 10 Mr-oxs/r 9,0 1,17 2,65 | 15,97

22 HTHE 12,0 0,79 2,90 | 1580

[To-BuuMOMy, MaKCUMaIbHOMY COACPIKAHUIO JKeJe3a B o0pasuax,
Ha0Omonaemomy npu Konuenrpanusx ITT'K 20 mr-sks Fe*'/r raunel, co-
OTBETCTBYET CBO€OOPAa3HOE PABHOBECUE, IIPH KOTOPOM BCE HE3AHATHIE OC-
HOBHBIMU KaTHOHAMHU MOHOOOMEHHBIE LIEHTPbI 3aHUMAIOTCS] HECBSI3aH-
HBIMU B OJIUTOMEDP MOHAMM KEJIE3a.

250 .

200 .

=120°C

100
v
/_\\\55000
50 800°C
5 10 15 20 25
Ck, mr-okB Fe/r

Sy, M2/T
—_—
()]
()
T

Puc. 5.2. 3aBucumMocTh yienbpHON TOBEPXHOCTH (Syx) 00Pa3IIoB,
MPOKAJICHHBIX MPH Pa3IMYHBIX TEMIIEPATypax,
OT KOHIIEHTPAIIMU TOJUTUIPOKCOKOMIUIEKCA JKene3a
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1601
1401

1201

120°
550°

100

Syx, M2/T

80
60
401

_ 800°

20 L 1 " 1 n 1 " 1 L 1 L 1 " 1 1
0 10 20 30 40 50 60 70

V, mn/t

Puc. 5.3. 3aBucumMocTs ynenbpHON TOBEPXHOCTH (Syx) 00Pa3IIoB,
MPOKAJICHHBIX MPH Pa3IMYHBIX TEMIIEPATypax,
ot oobema (Vmrk)

120°
=
=
5
550°C
I 800°C
20 1 N 1 N 1 N 1 L 1 L L

0,0 0,5 1,0 1,5 2,0 2,5

Puc. 5.4. 3aBucumocTh yneapHOU MOBEpXHOCTH (Syx) 00pa3Iios,
MPOKAJICHHBIX MPH Pa3IMYHBIX TEMIIEPATypPax,
ot ocHoBHOCTH 1 = OH™ / Fe*" III'K
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120°C
550°C
60
800°C
40 1 L 1 . 1 . 1 L 1 . 1
2 4 6 8 10 12
CFJI, %

Puc. 5.5. 3aBucumocTs yienpHON TOBEPXHOCTH (Syx) 00pa3IioB,
MPOKAJICHHBIX TIPU PA3IMYHBIX TEMIIepaTypax,
OT KOHIIEHTpalUU TTUHUCTON cycnieH3uH (Crn)

I[Ipy nanbHeNIeM yBEIMYEHHH KOHIIEHTPAIUK 10 25 Mr-3kB Fe**/r
TJIMHBI Tpoliecc 0OMeHa Ha Heruapoin3oBaHHbie (opmbl Fe ctanoBUTCS
npeo0iafariuM, 00yCI0BIMBas TEM CaMbIM YMEHBIIIEHUE COJICPKAHUS
Fe B koneunom oOpasiie.

[ToaTBepkaeHNEM CKa3aHHOMY MOTYT CIY>KUTb JaHHBIE AJ11 00pa3-
LIOB BTOPOW CEpHH, CUHTE3UPOBAHHBIX AHAJOTUYHO MEPBOM, HO C TOM
JUIIb Pa3HULEH, YTO COAEPIKAHME Kelle3a B KOMIUIEKCE M3MEHSIOCh
3a cueT MPWJIMBAHMUS K TIIMHE pa3fuyHbIXx 00bemMoB pactBopa IIT'K
Fe** opunakosoit ocaosroctu (OH ™/ Fe** = 1) u konuentpauun (Crirk =
=300 Mr-kB/aM°).

N3 Tabi. 5.2 BUgHO, 4TO BeMYUHBI door M pH cMecu npakTudecku
HE U3MEHSIOTCS 10 MEpE yBEIMUEHUS JKese3a B ucxogHou cmecu. Conep-
YKaHUE ke Kkele3a B o0pasiie HenpepoIBHO pacteT (¢ 2,73 no 10,12 mac. %).
N3menenue Sy, HOCUT 3KCTpEeMaIbHbBIN XapaKTep ¢ MAKCUMYMOM IPY KOH-
ueHtpauuu 8,04 Mr-skB Fe**/r rmunbl. OqHaKo, B OTIIMYHUE OT o0pas1oB
TIEPBOM CepHH, yIeNbHas MOBEPXHOCTh CyHIECTBEHHO HIKe (236 MY/T 1
145 M%*/r COOTBETCTBEHHO). DTO OOYCIOBIEHO TEM, YTO IPU JaHHOM
croco6e MoaUUIIMPOBAHUS TTPUPOTHOTO MUHEpaa Sy, ONpeaenseTcs
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B OCHOBHOM MUKPOTIOPAMH, KOJIMYECTBO KOTOPHIX HAMPSIMYIO CBSI3aHO C
COJZIEpKaHHUEM JKelle3a Mexy ciosiMu. bonee Hu3kue 3HaueHus pH cyc-
MIEH3UH B CiTy4yae 00pa3IioB BTOPOI cepun 00yCIOBIUBAIOT 0OMEH KaTH-
onoB Na" Ha cinaboruapoanzoBanabie hopMmel sxeiesa (I11), uro u Bemer
K YMEHBIIEHUIO coepkanus Fe’’, a cooTBEeTCTBEHHO, U yIeIBHOM MO-
BEPXHOCTH.

VBenmmuenne ocHoBHocTH (1 = OH™ / Fe*") mopudumupyromero pac-
tBOpa ¢ 0,5 1o 2,37 (tabdn. 5.2, Tpetbs cepusi, oopasiusl 12—17), Takxke
KaK Y BBIIIE PACCMOTPEHHBIE (PaKTOPbI, O0YCIOBIUBAET SKCTPEMATHLHOE
U3MEHEHHUE BEIMUUH dooi B Sy

[IpoBeneHHbIE UCCIENOBaHUS MO3BOJIUIINA ONPEAETUTh ONTHMAJIb-
HOE€ 3HAYEHUE OCHOBHOCTH JUJIS KEJIE30COAEPKAIIETO MOHTMOPUILIO-
Hura (n = 1,5).

Ucnons3oBanue xe MOAUGUIIMPYIONIETO pacTBopa ¢ n = 2,37 crno-
COOCTBYET 3HAYUTEILHOMY POCTY COJAEpP)KaHUS Keje3a B cocTaBe 00-
pasua. [[puunHy 3TOr0 MOKHO OOBSICHUTH UCXO/ISI U3 TIPEATIONOKEHUS O
BO3MOKHOM COOCQXJICHUU IITMHUCTOM cycneH3uu, umeromed pH = 10,2,
u 3HaunTenbpHOM yactr 11TK Fe’" B Bune TUIPOKCHIA C 00pa3oBaHUEM
[NIMHUCTO-TUJIPOKCHUIHOTO MaTepuaia.

[TonTBepxkaeHNEM CKa3aHHOMY MOTYT CIIY>KUTb, BO-TIEPBBIX, 3HAUE-
Hue pH cMmecu nepes orMbiBKOM o0pasia (4,49), KOTOpoe 3HAUYUTEIIHHO
npesbimaeT pH Havaia ocaxxaeHus TMAPOKCHIA TP 33IaHHOW KOHIIEH-
Tpauuu kene3a. [Ipu 3ToM 4acTh MEXKCIOWHOTO MPOCTPAHCTBA BCE KE
3ansrta [1I'’K Fe (III), 0 ueM cBUIETEILCTBYIOT JaHHBIE PEHTTEHO(PA30BOTO
aHanu3a. Bo-BTOpBIX, pe3yabTaThl UCCIEA0OBAHUN 110 U3MEHEHUIO KaXKy-
mierocst 00beMa 0cajKa B 3aBUCUMOCTH OT CTEIIEHH OCHOBHOCTU CMECH
(puc. 5.6).

N3BecTHO, 4TO IpU CTPYUHOM METOJE CIMBAHUS PACTBOPOB COJIU
U OCaJIUTENsA, T. €. paCTBOPOB KOMILIEKCA U CYCIIEH3UU TJIMHBI COOT-
BETCTBEHHO, KaXKYIIUHCSI 00bEM OcCajika B OCHOBHOM OMpEJeIsieTCs
KOJIMYECTBOM HECTPYKTYpHOU BOJbI. [lo3TOMY mpu yBeIWYeHUHU OC-
HOBHOCTH B uHTepBaje n = (0,5-2,0 yMeHbIlIeHHE KaXyIIerocs oobema
MPOUCXOJUT 3a CYET O0Jiee CUIIBHOM CITUBKHU CJIOEB TJIMHBI, TaK KaK C
POCTOM 7 yBEIUYUBAETCS YUCI0 HOHOB Fe*", CBA3aHHBIX B KOMILIEKC,
3aTPYAHSAIONIUX JHOCTYI BOJBI B MEXKCIOWHOE MPOCTPAHCTBO MOHTMO-
PUIIJIOHUTA.

Hanuuue B 00pa3nax cBOOOJHOTO THAPOKCHUIA BBI3BIBAET PE3KOE
YBEIIMUEHUE KAXKYIIErocs 00bemMa 0cajKa 3a CueT aJIcopoOMpoBaHHOM Ha
HEM BOJIbI, YTO U HAOJIOAaeTCs pu 1 > 2.
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V, Mn

0,0 0,5 1,0 1,5 2,0 2,5
n

Puc. 5.6. 3aBucumMocTs kaxytierocsi oobema ocaaka (V)
OT CTENEHN OCHOBHOCTH MOJUTUIPOKCOKOMILIEKCA
Fe (IIl), n = OH / Fe**

J1st 0Opa3ioB 4eTBEPTOM CepUu, MOTYUEHHBIX 00PaOOTKOM TITUHU-
CTBIX CyCIIEH3MI pa3nuyHoil koHueHTpauuu (ot 1 1o 12 mac. %) pactBopom
MOJIMTUIPOKCOKOMIIEKCA JKeJie3a MOCTOSSHHOTO 00beMa, KOHLEHTPaLU
¥ OCHOBHOCTH, B OTJIMYUE OT PACCMOTPEHHBIX paHee cepuil, HabroAa-
eTcs paBHOMEPHOE CHUXKEHUE doo1, Syx ¥ coiepxanue Fe ¢ poctom KoH-
HEHTPAIK MIMHUCTON CyCTIeH3uu. [laHHbIe n3MEHEeHHUs: 00YCIIOBIIECHBI B
OCHOBHOM T€M, UYTO C POCTOM KOHLIEHTPALIUU TJIMHBI B €JMHUIIE 0ObeMa
CYCIIEH3UH Ha €€ MOAU(PUIIMPOBAHHUE MPUXOJIUTCSA BCE MEHBIIIEE KOJIU-
yecto IIT'K Fe'*,

[TonyueHHblEe Pe3yabTaThl CBUAETEIBCTBYIOT O TOM, YTO YCIOBHS
CUHTE3a KeJIE30MOIU(PULIUPOBAHHOTO MOHTMOPHIIJIOHUTA OKAa3bIBAOT
CYILLIECTBEHHOE BIIMSIHUE HA TEPMOCTAOMIIBHOCTD €r0 MOPUCTOM CTPYK-
Typbl. [Ipu 3TOM, Kak BUJTHO U3 pUC. 5.2, XapaKTep U3MEHEHUS Y IeTbHOM
NMOBEPXHOCTH 00pa3ioB, npokaneHHsX mpu 550 u 800°C, B 3aBUCHMO-
CTH OT JIIOOOT0 U3 BapbUPYEMbIX MapaAMETPOB OCTAETCS TAKUM K€, KaK
U 17151 COpOEHTOB, TepMooOpadboTanubix npu 120°C.

Paznuuust HOCST UL KOJMYECTBEHHBIN Xapaktep. [Ipu 3Tom oT™e-
TUM, YTO ONITUMHU3ALIMS YCIIOBUHM CUHTE3a MO3BOJISET MOJTYYUTh 00pasIibl,



http://chemistry-chemists.com

5.3. OpraHoMofUMUIINPOBaHHbIE COPOEHTHI Ha OCHOBE MOHTMOPUJUIOHUTA 99

o0aaronre BEICOKOM BEMMUUHON Sy, TaXKe MOCIe MPOKAIUBAHUSA UX MTPU
800°C (50-76 m?/1).

[TpuBeneHHbIE BhIIIE PE3YIbTATHI 1al0T BO3MOKHOCTb YTBEPKAATh,
YTO OCHOBHBIMH (DAKTOpaMH, BIUSIONIMMH Ha TApaMETPhI IIOPUCTON CTPYK-
TYpbl U TEPMUUECKYIO CTA0OUIBHOCTD CIOUCTO-CTONOYATHIX COPOEHTOB,
CUHTE3UPOBAHHBIX IIyTEM BBEJICHHUSI B MOHTMOPHIJIOHUTOBYIO IJIMHY IO-
JUTUIAPOKCOKOMILUIEKCOB JKeJie3a, SIBISIFOTCSI OCHOBHOCTh U KOHIIEHTpa-
uust Moguuuupyromero pactsopa IIIK Fe**.

5.3. OpranomoguUIIPOBAHHbIE
copbeHThI Ha 0OCHOBE MOHTMOPH/UIOHUTA,
(puKCHPOBAaHHOTO ITMAPOKCOKOMIIIEKCAMHU

>kene3a (III)

[TpoMbIiIeHHBIE POLIECCH] TEHEPUPYIOT OOJIBIIOE KOJIMYECTBO 3a-
IPSI3HEHUH, CPeAN KOTOPBIX 0COOYIO OMACHOCTh MPEACTABISAIOT Opra-
HUYECKHE BEUIECTBA, MOCKOJIbKY OHHM TPYAHO MOJAAIOTCS YIAJIEHUIO
OOBIYHBIMH CITOCOOAMU BOJIONOATOTOBKH. Y JaJIeHUE OPraHUYECKUX 3a-
I'PSI3HATENIE MOXHO NPOBECTH MOCPEACTBOM TIIyOOKOTO OKHCIIECHHS,
MeMOpaHHOW TEXHOJIOTHH, aJcOpOILNH, a3pOOHON U aHa’pOOHON OHo-
JIOTUYECKOU 00pabOTKH.

Haubonee yacto 1y1s1 OUUCTKU 3arps3HEHHBIX MPUPOAHBIX BOJ UC-
TMOJIB3YIOT TPAHYJIMPOBAHHBIA AKTUBUPOBAHHBIN yT0JIb, KOTOPBI OYEHb
7 (HEeKTUBEH NMPHU YAAUICHUH PAla JETYUYNX OPTaHUYECKUX COCTMHECHHUM,
nectuuuos, [TAB, xmnopa.

OnHako B MPUCYTCTBUM T'YMHUHOBBIX KHCJIOT €MKOCTb TPaHyJIHPO-
BAaHHBIX aKTUBHBIX yIJIEH U CPOK UX pabOThl 3HAUUTEIBHO CHUYKAIOTCS.
B npoTHBOMNOJIOAKHOCTS TPAaHYJIMPOBAHHBIM YIJISIM JUIS BBIIEYKA3aHHBIX
Hene MOryT NPUMEHSThCS MOJIU(DHUIIMPOBAHHBIE TJTMHUCTBIE MaTEpH-
aJIbl C BBICOKOM OOMEHHOM €MKOCTBI0, CIIOCOOHOCTD KOTOPBIX CBSI3bIBATH
U yIEp>KUBaTh TOKCHYHbBIE XUMUYECKHE BEILIECTBA U MATON€HHBIE MHUK-
POOPraHU3Mbl HEOJTHOKPATHO CTaHOBUJIACh OOBEKTOM HCCIEAOBAHUS B
pslle Hay4HbIX padoT.

J171st NOBBINIEHUST U30UPATEIHBHOCTH COPOIIMU 11O OTHOIIEHUIO K Op-
TraHUYECKUM MOJIEKYJIaM MOBEPXHOCTH cOpOeHTa HEOOX0IUMO MPUAATh
ruipo@oOHbIi Xxapaktep. OgHUM U3 CIOCOOOB MOAU(DUIIMPOBAHUS TJIHH,
NEPBOHAYAIILHO UMEIOIIUX THUIPOPUIBHBIA XapaKTep, sIBISETCS 3aMeHa
CIIOCOOHBIX K OOMEHY HEOpraHWYeCKUX KaTHOHOB Ha OPTraHUYECKHUE,
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coJieprKalllie JUTMHHOLICTIHBIC aAJIKUJIbHBIE TPyINbl. B pe3ynbpTaTe Takoit
00pabOTKH MOBEPXHOCTh TJMHBI MOKPHIBAETCS TUAPO(POOHBIMU HACTH-
namu. Takue riuHbl 3QGHEeKTUBHO COUETAIOT B ceOe COPOINIO Kak apoma-
TUYECKUX YTIIEBOJOPOAOB, XJIOP(PEHOTOB, TAK U TOKCUYHBIX METAIIJIOB.
Hpyroii cioco6 MoauduImpoBaHusl — HACHIIIIEHUE OPraHMYEeCKUMHU Ka-
TUOHAMH MEXKCIIOEBOT0 MTPOCTPAHCTBA CIIOMCTOrO TITIMHUCTOTO MaTepuana,
CJIOM KOTOPOTO 3a(pKCUPOBAHBI CTOJIOMKAMHU OKCHIOB METAIIOB. Takue
MaTepualbl OCie TPOKATUBAHUS MTPEBPALIAIOTCS B OOBIYHBIE CTOJIOYA-
ThI€ TJIMHBI, KOTOPBIE MTOCJIE TOBTOPHOT'O HACKIIICHUSI OPraHUYE€CKUM MO-
TU(HUKATOPOM MOTYT OBITh CHOBA MCIIOJb30BaHbl KaK OPraHOMOAH(U-
[IUPOBAHHBIC COPOCHTHI.

®deHon — oAMH U3 Hanbosiee TOKCUYHBIX OPTaHUYECKUX 3arpsi3HU-
TeJei, KOTOPBINA Ja)Ke B MaJIbIX KOJWYECTBAX MPEJCTABISET OOJBIIYIO
OIMMACHOCTH KaK ISl 310POBbS YEIOBEKA, TAK U JI1 OKPYXKAIOLEH CPE/IbI.
[Tonanas B BO311yX, BOJY U TPYHT, ()€HOJI U €TI0 IPOU3BOIHBIE CIIOCOOHBI
BBI3BIBATh T€HHBIE MYTAIIUHU B JKMBBIX OpPTraHuU3Max, a B OOJBIIUX KOJIH-
YEeCTBaX — BIUATHh Ha UX BUJOBOE pa3HOOOpa3ue.

[enb paboTsl [3] 3aKiIt0o4yanachk B MOJYYEHUH OPraHOMOIUDUITUPO-
BAaHHOT'O CTOJIOYATOI0 MOHTMOPHUJIIIOHUTA U U3YUYEHUH €r0 COPOIIMOHHOIMA
CIIOCOOHOCTH IO OTHOIIEHUIO K (DeHOTy. B KauecTBe TECTOBBIX BEIECTB
MCIIOIb30BAJIM METUJICHOBBIN TOy00M 1 HO/I.

B xauectBe ncxoaHoro marepuaia Opaiu MOHTMOPUIIOHUTOBYIO
INIMHY ACKaHCKOTO MECTOPOKICHUS.

B HacTosieM uccie10BaHuy UCOIb30BAIM 00pa3ell MOHTMOPHII-
JIOHWUTA, PUKCUPOBAHHOTO MOJIUTHUIPOKCOKOMIUIEKcamu kenesa (Fe-OM),
NoJTy4eHHbIN 00paboTko 3%-Hoii cycrnien3uu rimHbl pactBopoM [T'K sxe-
ne3a ¢ MonbHBIM cootHotnerneM OH™ / Fe** = 2,0 u3 pacuera 10 mr-3kB Fe*
Ha IPaMM TJIMHEL. Y felibHast TOBEPXHOCTH (Syx) 00pasiia Fe-OM, ciykuB-
IIETr0 UCXOHBIM MPH MOCIETYIONIEM MOAUPHUIIMPOBAHNN OPTaHUYECKUMHU
nobaskamu, cocrasuiaa 124 m%/r. Ionyuyennsiii obpasen Fe-OM nocie
OTMBIBKH, HE BBICYIIIMBAsi, 00pabaThiBaIl BOAHBIM PaCTBOPOM OpoMHIa
HeTUINUPUINHNS U3 pacueta 1, 3, 5, 8 u 10 MMoIb oprannyeckoit (azbl
Ha rpaMM TiuHEL [lociie oTcTanBaHus B TeYEHUE CYTOK CEPHUIO 00pa3IoB
opranomoupunupoBanHoro Fe-®M (R - Fe-®OM) oTMbIBanu 1 Cymmim
CHayvajia Ha BO3[yXe B TeueHue 2 cyT, 3ateM npu 120°C B Teuenue 3 u.

AJICOpOIMOHHYIO CTOCOOHOCTH 00pa3IoB R - Fe-OM 110 oTHOIIEHUIO
K (perony u MmetuieHoBoMy roayoomy (MI') usmepsiiu B yCinoBusiX Tep-
MOJAMHAMUYECKOTO paBHOBecHsl. J1Jis aToro k oopasity maccoit 100 mr go-
6aisin 20 mit pacTBopa (peHosa n3BecTHOM KoHIIeHTpauu. CycreH3uio
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BbIAiepkuBaiu npu 20°C npu NeproIUuYecKoM BCTPSXUBAHUM B Tede-
Hue 6 4. [Tocne neHTpudyrupoBaHus 0CTaTOUHOE COAEpKaHue (peHoa
B [IPO3PayHOM PACTBOPE ONPEAEIIAIN (POTOKOIOPUMETPUUECKH, UCTIOIb-
3ysl AJIs1 3TOTO peakiuio (peHoa C AMa30TUPOBAHHBIM #-HUTPOAHUIMHOM.
CopO111to METHIIEHOBOTO TOJIyOOT0 TIPOBOAMIIN IMPY AHATIOTUYHBIX COOT-
HOILIEHUSX TBEPAON U KUAKOU (Pa3bl, KOJIMUECTBO METHIEHOBOTO T'OJTY-
©0ro onpeAessId UCXOs U3 JAHHBIX (POTOKOJIOPUMETPHUUECKOTO aHATTN3A.
CopOLHMOHHYIO CITOCOOHOCTH IO WOy ONPENEISIN TUTPUMETPUUECKHU.

B Tabun. 5.3 npeacraBieHbl CBOKWCTBA MOJYYEHHBIX OPraHOMOIU(pU-
nupoBaHHbIX 00pa3uoB R - Fe-OM.

Tabmuma 5.3
CaoiicTBa ncxoauoro Fe-®M u 06pa3uoB, MoaupuuMpoOBaAHHBIX
Pa3JIUYHBIM KOJIMYECTBOM HETHINHPUINHUHOpOMUIA

TA
Conepanne AncopOrmoHHas Hanmsie /L
LHETWITTUPUIN- CIIOCOGHOCTE 1 sHOO- 2 BHIO-
Homep | nuitOpomuga B | Sy, MI/T " | TepMHYECKMI | TepMHYECKHii
obpasna| MoaubMIHpyro- |M2/T s dexr sddexr
mEM pacTBOpE, . o~| TIOTEPS o«| TIOTEPS
MMOJIB/T [ITHHBI mo Hony|no MI' T, °C Maccel, % L.°C Maccel, %
1 HUcxomueni Fe-OM|124| 44 66 | 137 16,0 — —
2 1 90 | 135 34 125 11,5 425 5,8
3 3 48 | 162 36 | 110 6,5 425 8,6
4 5 40| 174 40 | 105 2,6 425 9,6
5 8 301 170 47 | 100 2,4 430 10,0
6 10 26 | 180 52 | 100 2,2 425 10,4

JanHble Ta0m. 5.3 CBUAETENBCTBYIOT O TOM, YTO I10 MEPE YBETUUEHUS
coJepKaHusl OpOMUALETUINUPUIUHUS B MOAUPUIIUPYIOIIEM pacTBOpPE
oT | 10 5 MMOJIb HA TpaMM TJIMHBI YBETUYUBAETCS COJIEPKAHUE OPTraHU-
yeckoi ¢assl B 00pasue R - Fe-OM or 5,8 no 10,4%. Mcnonb3zoBanue
pPacTBOPOB, COAEPKAMX OPOMUIUETUINUPUANHNS B KOJTMYECTBAX & U
10 MMOJIb HA TpaMM IJIMHBL, IPUBOAMT K MOITy4eHUI0 00pa3oB R - Fe-OM,
coJiep>KaHUe OPraHUYeCKOM (pa3bl B KOTOPHIX Majl0 OTIMYAETCS IPYT OT
npyra v ot oopasua Ne 4.

Kpussie /ITA o6pasnos R - Fe-®OM, npezacraBieHHsie Ha puc. 5.7,
XApaKTEPU3YIOTCS HAIMYMEM MHTEHCUBHOIO HU3KOTEMIIEPATyPHOIO JH-
no3¢pdexTa, CONpOBOKAAIOLIETOCS MOTEPEW MACChI, KOTOPBIM OTpa)xaer
norepro ajzcopOupoBaHHOM Bobl. [Io Mepe yBenuueHus coiepKaHus
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oprannyeckoil ¢azbl B 00pasiie R - Fe-OM nonoxeHne Mmakcumyma 3H]10-
addexTa cMmemaercs B HU3KOTEMIIEpaTypHy0 00J1acTh M COITPOBOXKIa-
€TCsl YMEHbIIIEHHEM 1oTepu mMacchl oT 16,0% nmst ucxoaHoro odpasiia
10 2,2% — nnst 00pasia ¢ MaKCUMalIbHBIM COCPKaHUEM OPTaHHUYECKOTO
moupukaropa. [lo-BuanMomy, yBeTu4eHE COACPKAHHSI IS THIIITAPH U~
HUitOpoMua B oOpasnax R - Fe-OM ymensbIiaer rupoduibHbIE CBONCTBA
R - Fe-®M u TeM cambIM CIIOCOOCTBYET yIAJICHHIO aJICOPOMPOBAHHOM BOIBI
npu 0oJiee HU3KOM TemMmnepaType.

100 300 500 700
T,°C
Puc. 5.7. ATA kpuBbie 06pa3noB ucxoaxHoro (/)
u opranomou¢unupoBansbix Fe-OM (2-5)

Tepmorpammsl 00pa3noB R - Fe-OM conepxart elie o11H 3HI03 (-
(dext Hu3koi nHTeHcuBHocTU npu 420—430°C, 00ycnoBIeHHBIH AecopO-
[Mel OpraHuYecKoro BemiecTBa, u 3k303¢pdext npu 500°C, cBsi3aHHBII
C €r0 OKUCJICHUEM.

N3 nannbix Tabi1. 5.3 BUAHO, YTO KOJTUYECTBO OPTaHUYECKOTO MO-
nuuKaTOopa MOYTH HE BIMSIET HA MOJIOKEHUE MUKa 3HA03(dexTa, a rno-
Tepsi MacChl, EMy COOTBETCTBYIOIIAsA, YBEIMUYUBAETCS 110 MEpE yBeJIUYe-
HUS COZIepKaHusl OpoMuIIeTIIIUPUANHIS. IHTepeceH Takke ToT (akT,
YTO MHTEHCUBHOCTH K303 (deKTa Jj1s 00pa3IioB ¢ IOYTH PABHBIM COACP-
KaHUEM OPraHUYeCKOro MOAU(PHUKATOpa MOKET 3HAUUTENLHO OTINYATHCS
(puc. 5.7, kpuBble 4 u ).
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CopO6ironHbie cBoiicTBa 00pa3ioB R - Fe-OM, npeacraBiieHHBIE B
Tab11. 5.3, CBUJIETENLCTBYIOT O CYIIIECTBOBAHUH KOPPEIISAIIUU MEXTY KOJIU-
YECTBOM OPraHNUYECKOro Mo iupuKaTopa B 00pasIie U ero aicopOIMOHHON
CIIOCOOHOCTH MO MOy, KOTOpasi yBelInuuBaercs ot 44 Mr/r s ucxon-
HOTO 110 174 Mr/T mu1st 06pasima Ne 4 1 mouTH paBHa aicOPOIIMOHHOM CIIO-
cobHocTH 006pa3uoB Ne 5 u 6.

AtcopO1Iist METHJICHOBOTO TOJTy0OTO HCTIONIb30BaIaCh JIJIsl OIICHKU
copOmoHHOM crocooHocTr copbenTa. CornacHo JaHHBIM TaoOm. 5.3,
MaKCHMaJIbHBIM 3HAYEHHEM COPOIMHU IO METHIICHOBOMY TO1yooMy 00-
JajgaeT UCXoAHbI oOpasen. Beenenue B cocraB Fe-OM Opomuaaiie-
TUJTUPUIUHUS TPUBOAUT K YMEHBIICHUIO COPOIMU MOYTH B 2 pasa.
OpHako Mo Mepe yBEIWYEHUS COJEpPKaHUS OPraHUYECKOro Moaudu-
kaTopa B oOpasiie R - Fe-OM copOiius METUIEHOBOTO rOIy00ro Takxe
BO3pacTacT HECMOTPSI Ha TO, 4TO Sy, yMeHbIaeTcs. BeposiTHO, 3TO MO-
’KET OBITh CBA3AHO C TE€M, YTO aJCOPOIIHs OPraHOKATHOHOB OOBIYHO HE
OTPaHUYIMBACTCS KOJTUIECTBOM, SKBUBAICHTHHIM KATHOHHONH OOMEHHOU
€MKOCTH IIHHBIL. CBEpX3KBHUBaJIEHTHAs cOpOLIMs 00YCIOBIIEHA aCCOLIU-
anuel KaTUOHOB AJIKUIAMMOHUS ¢ HEUTPaAJIbHBIMU MOJIEKYJIaMU aMU-
HOB U UX coJyieil. B aToM cimyuae 3apsikeHHbIe THAPO(DHUIBHBIC «TOJIOBBI
bu3uveckn afgcopOUPOBAHHBIX MOJIEKYJ OPUEHTHPOBAHBI B BOJIHYIO
¢da3zy. B pe3ynbraTe Ha TOBEPXHOCTH Cpeu TuIpodOOHBIX IeTnel mpu-
CYTCTBYIOT HECKOJBKO KaTHOHHBIX TPYIMI, YBEIUUYECHUIO COJEPKAHUS
KOTOPBIX CIIOCOOCTBYET YBEIWUEHUE OPTAaHUIECKOT0 MOAU(PUKATOPA B
MOAN(ULIMPYIOIIEM PACTBOPE.

Nzyuenne copbuuu enona odpasnamu R - Fe-OM u ucxoaHbim
Fe-®M u3 pacTBOpoB ¢ KOHIIEHTpauei ¢perona 5S—200 mr/i nokasaio, 4to
HemoauduiupoBanubiii Fe-OM npaktudecku He copoupyet dheHosr. Bee-
JeHue OpoOMUAAIETIIIITUPUIUHUS B MEKCI0€BOE MpocTpancTBo Fe-OM
CIIOCOOCTBYET yBEIUUYCHUIO copOIuu (peHosa, mpuueM ajacopOIiioHHasl
CIIOCOOHOCTH MO (PEHOITY PACTET JI0 2,5 MI/T TI0 MEPE YBEIIUUEHUS COTEP-
KaHUs opraHndeckoi (pas3el B oOpasiie. Takke Kak v B CIydae aicopOIruu
rona, obpasier Ne 4, 5, 6 He OTIMYAIOTCS APYT OT Jpyra 1o CBOEH CITo-
cobHOocTH ancopOupoBath (heHos u3 BoAsbl. [lo-BuaguMomMy, ancopOiuio
10/1a MOXHO MCTIONB30BaTh KaK 3KCIIPECC-METOJ] OIICHKU COPOITMOHHOM
CIIOCOOHOCTH OPTaHOMOIU(DUITTPOBAHHOTO MOHTMOPHUJJIOHUTA 110 OTHO-
HICHUIO K (DEHOITY.

N3otepmbl copbiuu (heHosa u3 Boibl, MPeICTaBICHHbIC HA puUC. 5.8,
XapaKTEePU3YIOTCS HEJIMHEHHON 3aBUCUMOCTBIO KOJIMYECTBA ITOTJIOMIEHHOTO
¢deHoa OT paBHOBECHOM KOHIICHTPAITUU PACTBOPA, UYTO CBUICTEIHCTBYET
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0 peolI1alanny MexaHu3Ma (puanyeckon agcopOunu. XapakTepHo, YTO
IpU COJEpKaHUU (PeHONIa B KOJMYECTBE MEHee | MI/i1 ero u3BiedeHue
u3 pactBopa cocraBisieT 80-95%.

0 50 100 150 200

CpaBH, MI/1

Puc. 5.8. U3oTepmbl copbuuu deHona
opranomouduIpoBaHHBIMU 00pa3amu Fe-OM.
Homepa kpuBBIX COOTBETCTBYIOT HOMepaM 00pasmoB B Ta0m. 5.3

Y CTaHOBJICHO, UTO IS TTOJTyYSHHST OPTaHOMOAU(DUITTPOBAHHOTO COP-
OeHTa Ha OCHOBE CTOJI0YATOrO JKEIe30COACPKAIIETO0 MOHTMOPHUIIOHUTA
C HAWTYUYIIIAMH COPOIIMOHHBIMU CBOMCTBAMH I10 OTHOIIICHHUIO K (PEHOTY
HE00X0AMMO MOAUGHUIIUPOBATE €r0 PACTBOPOM, COAECPKAIINM OpOMU/I-
HETWINMUPUIMHAS U3 pacyeTa 5 MMOJIb Ha TpaMM TJIMHBI.

5.4. CucTeMa MOHTMOPU/UIOHUT —
IIOJIUTUIPOKCOKOMIIIIEKCHI Fe-Zr

B kauecTBe MOIM(UKATOPOB INIMH MOTYT OBITh MCIOJIb30BAHbI HE
TOJIBKO UHAUBUIYAJIHBIE TUAPOKCOKATHOHBI, HO M CMELIaHHBIE THIPOK-
COKOMIUIEKCHI METAJJIOB, KOTOPBIE MOCIIE TEPMOOOPAOOTKH NEPEXOASAT B
okcuzbl. B padote [4] npeanpuHsTa NONBITKA BBISICHUTh, KAKOE BIUSHUE
Ha MOPUCTYIO CTPYKTYPY MOHTMOPHJJIOHUTA OKA3bIBAET BBEJECHUE B €T0
MEXCJIOMHOE MPOCTPAHCTBO KOMILIEKCOB Keje3a-IupKoHus. MeTtoauka
noytyyeHust o0pa3oB U METO/Abl UX HCCIIEJ0BaHUsl ONMHUCAHBI B I. 4.
Kon1eHTpanus KOMIIJIEKCOB Kelie3a-IUupKOHUs cocTasisia 5, 10, 15, 20,
25 MI-3KB/T TJIMHBI, @ IPOLEHTHOE COOTHOILIEHNE KOMIIOHEHTOB B OJIUTO-
MEPHOM KOMILJIEKCE B IIEPECUETE Ha METAIIIbI-KOMILIEKCO00pa30BaTENIN
coctaBisio Fe / Zr=95/5.
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Ha ocHOoBaHuM AaHHBIX PEHTIeHO(A30BOT0 aHAIN3a ObLJIO YCTAHOB-
JICHO, YTO COPOCHTHI, TTOJIyYCHHBIE Ha 0a3e CMEITaHHBIX KOMITJIEKCOB JKe-
Je3a-UPKOHUS, UMEIOT MexkcoeBoe paccTosHue (door) 19,63-24,20 A.
DT BEIMYUHBI 3aMETHO OTJIMYAIOTCS OT aHAJOTUYHBIX IMOKa3aTenei 00-
pasIioB, CHHTE3UPOBAHHBIX B IPUCYTCTBUH WHINBHIYATBHBIX KOMIUICK-
cos xenesa (15,57-16,40 A) u mupxonus (16,09-20,36 A), a Tem 6omee
OT MCXOJTHOTO MOHTMOPUJUIOHHUTA.

Ha UK-cnekTpax Moau@uiimpoBaHHBIX 00pa3IoB MO CPaBHEHHIO
C MCXOIHBIM TJIMHUCTHIM MUHEpAIoOM HaOJI0/1aeTCsl YBEIIMUYCHHUE WH-
TEHCUBHOCTH JIMHUH MOTJIONIEHHS BAJICHTHBIX U 1eOPMAITMOHHBIX KO-
Jaeb0aHul THAPOKCOTPYIII, YTO OOYCIOBICHO BBEJICHUEM OJTUTOMEPHBIX
KOMILJIEKCOB B COCTaB CTPYKTYPbl MOHTMOpHWIITIOHUTA. [lo100HbIE N3Me-
HEHUsI OTMEUAJIUCh U Y 00pa3IioB, MOIU(PHUITUPOBAHHBIX HHIWUBUTYaJTh-
HBIMU TUJIPOKCOKOMIIeKcaMu. ClielyeT OTMETUTh, YTO MAaKCUMAIbHOE
YCHJICHUE JIMHUH COOTBETCTBYET HAUOOJIBIIIEMY 3HAYCHUIO MEXKCIIOEBOTO
pPacCTOSTHUS.

B Tab1. 5.4 npencraBneHbl acoOpOIIMOHHO-CTPYKTYPHBIE TApaMeTPhl
MOAN(UIIMPOBAHHBIX 00PA3I[0B B 3aBUCUMOCTH OT IPUMEHSIEMOTO MO-
nuuKaTopa U ero cojiepKaHusl.

Jlns Bcex 00pasioB HAOIIOAAETCS POCT BEIUYMH COPOIMOHHBIX
00BbEMOB W YJICNIBHBIX IMOBEPXHOCTEH IO CPABHEHHUIO C HCXOIHBIM
MOHTMOPUWITOHUTOM. [Ipu aTOM Benmuuunsbl Vs 1 Sy; B 3aBUCUMOCTH OT
KOJIMYECTBA BBEJACHHOT'O CMEIIAHHOTO KOMIUICKCA M3MEHSIOTCS DKC-
TPEMaJIbHO, JIOCTUTasi MAaKCUMAaJbHOTO 3HAYEHUS TMPU COJCPKAHUH
15 mr-skxB Fe-Zr/r rauHbI.

Tab6muma 5.4
AZCOpOLMOHHO-CTPYKTYPHBIE IAPAMETPBI M MEKCJI0eBbIe PACCTOSHUSA
00pa3noB MO (PHUIMPOBAHHOTO0 MOHTMOPHJIJIOHHUTA,
BbICYIIeHHBIX npu 120°C

Konnentpanus
TUIPOKCOKOMITIIEKCA Syn, M2/T Vs, eM’/r doo1, A
MeTaJuIa, Mr-3kB Me"'/r riuHbl

McxonHbpiil MOHTMOPUIUIOHUT

- | 65 0,089 | 920
MOHTMOPUIIIIOHUT, MOAU(PHUIMPOBAHHBIN THIPOKCOKOMIUIEKCOM LIUPKOHUS

5 173 0,144 16,09

10 151 0,150 17,65

15 165 0,160 20,36
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OxoHuanue Tadmn. 5.4

Konnentpanus
T'UIPOKCOKOMITIEKCA Syn, M2/T Vs, eM/T doo1, A
MeTajuia, Mr-3kB Me”'/r rimHeI
20 112 0,121 16,54
25 112 0,107 16,05
MOHTMOPHIUIOHUT, MOAU(DUIMPOBAHHBIA THAPOKCOKOMILIEKCOM KENE3a
5 213 0,137 15,57
10 207 0,152 16,40
15 186 0,132 16,07
20 180 0,131 15,87
25 167 0,130 15,59

MOHTMOPHWIIIOHUT, MOAU(PUIIMPOBAHHBINA T'MIPOKCOKOMILIEKCOM
JKeJe3a-UUPKOHUS

5 148 0,138 22,05
10 160 0,140 22,97
15 300 0,187 24,20
20 269 0,170 22,19
25 256 0,160 19,63

AHanu3 n3orepM aacoporuu 6eH3osa oopasiamMu MOAUGUIIMPOBAH-
HBIX TJIMH MTOKAa3aJ1, 4TO UX MOKHO oTHecTH 1o kinaccudukarmu NIOITAK
k Tuiry H4, xapaktepHOMY J17151 MUKPOTIOPUCTBIX 00pa3IloB, COAEPKAITUX
HIeJIEBUIHBIC TOPHL. B UX CTpyKType MPUCYTCTBYIOT TaKXKE€ U ME30TIOPHI,
Ha YTO YKa3bIBACT METJISl TUCTEPE3NCA, PACTIPOCTPAHSIONIAACS B 00IaCTh
OTHOCHUTEIHHO BBICOKHX JABJICHHH MapoB ajcopoara.

Y cTaHOBJIEHHBIN XapaKkTep U3MEHEHHSI aICOPOIIMOHHO-CTPYKTYPHBIX
XapaKTEePUCTUK 00pa3IoB, MOIU(MUITUPOBAHHBIX CMEIIIAHHBIMU KOMITJICK-
camu, 00yCJIOBJICH yCIOBUAMH (DOPMUPOBAHUS UX TMEPBUYHBIX YACTHII.
OOpa3zoBaHue CMENIaHHBIX KOMILJIEKCOB CIIOCOOCTBYET (POPMUPOBAHUIO
YJaCTHII 30JIeH ¢ OOJIBITUMU pa3MepaMHu, 10 CPABHEHUIO C WHIUBH Ty alTb-
HBIMU KOMILIEKCAMHU JKeJie3a W IUPKOHUS, TOJYYEHHBIMU B TaKUX K€
YCJIOBUSIX, YTO MPUBOJUT K YBEIMUECHUIO MEKIAKETHOTO MPOCTPAHCTBA
KPUCTAJUIOB MOHTMOpUJLIOHUTA 110 24,20 A, a COOTBETCTBEHHO, U €ro
yAEIbHON MOBEPXHOCTH 3a CYET 00pa30BaHUS aICOPOIIMOHHOTO CIIOS Ha
KaKJI0M U3 TUIOCKOCTEH TJIACTHH MaKeTa.

TepMmuueckas cTaOMIBHOCTh CHHTE3UPOBAHHBIX 00PA3I[OB ONpEIe-
Js1ach MYTEM MX MPOKATMBAHUS B TEUCHUE 4 U MPU PA3TUIHBIX TEMIIE-
parypax, BIoTh 10 700°C (tabi. 5.5).
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Tabmuma 5.5
ACOpOIIMOHHO-CTPYKTYPHbIE apaMeTPbl 00Pa3110B MOHTMOPUJIJIOHUTA,
MOAM(PUUMPOBAHHOI0 KoMILIekcOM Fe-Zr, B 3aBucuMoCcTH
OT TeMIIePaTypPbl NPOKAJTUBAHUS

Temmeparypa | KOHUCHTPALUA THAPOKCOKOMILICKCA, MI-9KB (Fe-Zr)/T TiuHBI

MIPOKaIMBaHUsA 5 10 15 20 25

00pasuos, °C 1§y, | Vs | Sy | Vs | Syx | Vs | Syx | Vs | S | Vs
120 148/ 0,138 | 160 | 0,140 | 300 | 0,187 | 269 | 0,170 | 256 | 0,160
300 950,139 | 1121 0,186 | 108 | 0,186 | 110 | 0,186 | 152 | 0,186
400 950,136 | 101 | 0,157 | 96 | 0,186 | 90 | 0,186 | 116 | 0,186
500 930,150 | 90 |0,150 | 85 | 0,160 | 81 | 0,186 | 75 | 0,186
600 67(0,142| 70 10,140 | 83 | 0,146 | 75 | 0,143 | 58 | 0,150
700 27 10,126 | 31 | 0,132 | 49 | 0,146 | 46 | 0,142 | 44 | 0,138

Tpumeuanue. Syy, M2/T, u Vi, cM/T.

Ha puc. 5.9 npuBeneHs! JaHHbIE IO OTHOCUTEIBHOMY COKPAILCHUIO
yAEIBbHON TOBEPXHOCTH 00pa31oB (4, %) B 3aBUCUMOCTH OT TEMIIEPATYPbI
ux 00paboTku. Kak BUIHO U3 IPEACTABIECHHBIX CBEJIEHUM, YEIbHAS MO-
BEPXHOCTh 00pa3OB, MOAU(PUIIPOBAHHBIX OJIMTOMEPHBIMU KOMILJIEKCAMH
KeJe3a-1IMPKOHUS, YMEHBIIIAETCsl IO MEPE YBEIMUYEHHSI TEMIIEPATYPhI IPO-
KaJIMBAHMS HE3aBUCHMO OT KOJIMYECTBA BBEJICHHOIO0 MOAU(UKATOPA.

[paxTuyaecku 11 Bcex 00pa3lioB TaKke HAOMO1aeTCsl TOPU30OHTAIBHOE
IUIATO, YTO CBUJIETENLCTBYET 00 MX BHICOKOM TEPMOCTAOMIILHOCTH B TEMIIE-
parypaoM nHTepBaie 300-600°C. CpaBHEHHUE CTENEHN COKPALLICHHSI BEJH-
YHHBI yJIETHHOM MMOBEPXHOCTH 00PA3IIOB, MOM(PUIIMPOBAHHBIX PA3IMIHBIMU
KonnyectBaMu Fe-Zr komruiekca, B 3aBUCMMOCTH OT TEMIIEPATYPhI ITPOKa-
JIMBAHUS [MOKA3bIBAET, YTO BEIMUNHA Sy; U3MEHSETCS CI0KHBIM 00pa3oM.

Haubonbiee ymeHbIleHHE y1eIbHON TOBEPXHOCTH HAOIIOJAETCs IS
00pa31oB, MOIU(DUITMPOBAHHBIX KOMILJIEKCOM B KoJindecTBe 15—20 Mr-skB
(Fe-Zr)/r rnunbl, 4TO 00YCIOBIEHO, MO-BUUMOMY, OCOOCHHOCTSIMH UX
CTpyKTyphl. Tak, ecitu 00pasiibl, MoauduitmpoBanHbie 5—10 mr-sks (Fe-Zr)/r
TJIMHBL, UMEIOT Sy, 148160 M%/r u 06beM Mukponop 0,05-06 cm>/r, To
IpU COAEP)KAHUM KOMILIEKCa B oOpasie B konudecTBe 15-20 Mr-sks
(Fe-Zr)/r rvHbI aHAJIOTUYHBIE TIAPAMETPBI cOCTaBIsIOT 270-300 M*/r 1
0,10-0,11 cM*/r. DTO CBUIETENBLCTBYET O MIPUCYTCTBMU 3HAYUTEILHOIO
KOJIMYECTBA MUKPOIIOP B CTPYKTYPE CUHTE3UPOBAHHBIX MaTeprasioB. 13-
BECTHO, YTO MOPHUCTAst CTPYKTYpa MEIKOMOPHUCTHIX 00pa3IoB B OOJIbIICH
CTENEHU MOJABEP>KEHA BIMSIHUIO TEPMOOOPAOOTKH 3a CUET CIIEKAHMS U
YMEHBUIEHUS AOJIU MEJIKHUX MOp.
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Puc. 5.9. 3aBucuMOCTh BETUYMHBI OTHOCUTEIIBHOI'O U3MEHEHUS
yAEIbHOM MOBEpXHOCTH 00pa31oB (4, %) OT Temreparypbl IPOKaIUBAHUS
MIPU Pa3IMYHOM KOJMYECTBE MOJIUTHAPOKCOKOMILJIEKCOB
Fe-Zr (Mr-skB/T TJIMHBI)

CopOuuoHHas €eMKOCTb IMOTJIOIIEHUSI CUHTE3UPOBAHHBIX CMEIlIaH-
HBIX 00pa3loB IpHU TEPMOOOPAOOTKE HE MPETEPIIEBAET CYLIECTBEHHBIX
U3MEHEHHH BILTIOTH 10 TemmepaTtypsl 600°C, 4To 00ycioBiaeHO (HUKCH-
POBaHMEM TJIUHBI OKCUTHBIMU «CTOJIOMKAMUY, PENSATCTBYIOIIUMHU CKa-
THUIO €€ CIIOEB.

TepMocTabuimsupyroliee 1eHCTBUE OKCUAA IIUPKOHUS 00YCIIOBIEHO
pacrpeielIeHUeM ero MeJIKUX YacTHIL B 00Jiee KPyIHbBIX 00pa30BaHUIX OK-
cHJia keJie3a ¥ Ha MOBEPXHOCTH YaCTHUI] TJIMHBI, YTO MPETATCTBYET UX CIie-
KaHUIO TIPU BBICOKHX TEMITEpaTypax. XapaKTep TaKOro BIUSHHS CJI0KHBIM
00pa3zoM 3aBHCHUT OT KOJMUYECTBA MOTUPHULIMPYIOLIETO MHIPOKCOKOMILIEKCA
(Tabin. 5.5). D10 CBA3aHO C TEM, YTO MIPU HATPEBAHUHU MOIU(UIIUPOBAHHBIX
IJIMH POTEKAIOT OTHOBPEMEHHO Pa3IMUHbIE TPOLIECCHI: CIIEKAHNUE OKCHU/I-
HBIX YaCTHI] KaK B MEXKCIIOEBOM ITPOCTPAHCTBE, TAK U BHE €T0, U3MEHEHHE
MOBEPXHOCTH YaCTHUIl MOHTMOPWJJIOHUTA U UX CIIEKaHUE, a TAK)KE YCH-
JIeHHE B3aUMOICHCTBUS OKCUIHBIX YAaCTHI] C TOBEPXHOCTHIO MaTepHaa.
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Haubonee spko crabunusupyroniee aeicteue ZrO; Habnogaercs
IIPY HU3KOM COJIEPKaHUU KOMILIEKCA JKeJe3a-UUPKOHMS, 4YTO, OYEBH]THO,
00ycJ0BJIeHO 00JIee paBHOMEPHBIM paCIIpeIeIeHUEM I'HIPOKCOKOMITIEK-
COB B MEXXCIIOEBBIX 001acTsIX ¥ (HOPMUPOBAHHEM OOJIee YIOPSIOYCHHON
cTpykTyphl. B aTom cityuae ipu 400-500°C yaenpHas IOBEpXHOCTH 00-
pasua ymenbiuaercs Bcero Ha 30-50%.

OTO OTKpHIBAET BO3MOKHOCTD MOIy4YeHUs Oosee 3PpPeKTUBHBIX Ka-
TaJIM3aTOPOB Ha OCHOBE )KeJIe30(PMKCHUPOBAHHOTO MOHTMOPHUJIJIOHUTA, a
TaK)Xe APYTUX CIOUCTO-CTOIOYATHIX TJIMH IyTEM BBEAECHUS T'UIPOKCO-
KAaTUOHOB ITUPKOHUSI.

Takum 00pa3zom, MpoBeIeHHbIE UCCIIEA0BAHMUS MTOKA3aIH, YTO HUCTIONb-
30BaHME JJIs1 MOJU(DUKAIIUY TJIMH CMENIAaHHBIX OJIMTOMEPHBIX THAPOKCO-
KOMILJIEKCOB >KeJIe3a-1IUPKOHUS MTO3BOJISIET CHHTE3UPOBATH aJICOPOCHTHI
CO CJIOUCTO-CTOJIOYATON CTPYKTYPOI C BBICOKUMHU aICOPOLIMOHHBIMH Xa-
paKkTepUCTUKaMH. Y CTAHOBJIEHO ONTUMAJIbHOE KOJIMYECTBO MOAUPUIH-
PYIOIIMX KOMIIOHEHTOB U MX COOTHOLIEHUE IIPU CUHTE3€ 00pa3LoB.

5.5. CucTeMa MOHTMOPU/IVIOHUT —
TUAPOKCOKOMIIIEKChI Fe-Ni

MHoTo4HCIIEHHBIEC UCCIICIOBAHMS, TPOBOIMUMBIC B TTOCIICTHEE BPEMS
B 00JIaCTH CHUHTE3a U N3YUYCHUS CBOMCTB COPOCHTOB M KaTaJIu3aTOPOB CO
CJIOMCTO-CTOI0YATOM CTPYKTYpOid, 0a3upyroTcs Ha GUKCUPOBAHUH MEXK-
CJIOEBOTO MPOCTPAHCTBA MNIMHUCTBHIX MUHEPAJIOB C IIOMOIIBIO MOJTUSIEP-
HBIX TUJIPOKCOKOMIUIEKCOB METAJIJIOB, BHEIPEHUE KOTOPHIX MPOTEKAET B
pe3ynbTaTe 0OMEHa C MEKCIIOEBBIMU KaTHOHAMM.

B pa6orte [5] npu nonydeHUu COpOITMOHHO U KATATUTUYECKHU aKTHB-
HBIX MaTE€pPUAIOB Ha OCHOBE MPHUPOTHOTO MOHTMOPHWIJIOHHUTA JIJIST BHEI-
pPEHUS B MEKCIIOEBOE MPOCTPAHCTBO MOCIETHETO UCTIOIb30BAIUCH CME-
IIIaHHBIE THIPOKCOKOMIUIEKCHI JKere3a-HuKemsl. KoHeHTpalys BBOJMMOTO
KOMILIeKca cocrabisia 5, 10, 15, 20 mr-sks/r mivHBI, cooTHOIeHue Fe / Ni
B MOJIMTUPOKCOKOMILIEKCE cocTaBisio 1/ 1.

Br16op B kauecTBe Moau(pUKaTOpa IITUHUCTOTO MUHEPAJia CUCTEMBbI
JKEJe30-HUKETh 00YCIIOBIICH IBYMsI TPUYUHAMHK. BO-TIepBBIX, KaTaTUTH-
YECKOW aKTUBHOCTBIO JJAHHBIX OKCUJIOB B pAJie peakiui. B yactHoCTH, 1e-
TUAPOTCHHU3AINHY U JCTUIPATAIIIN U30TPOTIIIOBOTO CITUPTA, OKUCIICHHSI
MypaBBUHOU KUCIIOTHI. A BO-BTOPBIX, PACHTUPEHUEM YHCIIa BO3MOKHBIX
(UKCUPYIOIUX areHTOB.
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Brenpenue cmemaHHbIX THAPOKCOKOMIUIEKCOB Fe-Ni B Mexkcioe-
BOE MMPOCTPAHCTBO MOHTMOPUJUIOHUTA MOATBEP>KIACTCS TAHHBIMHU PEHT-
reHo¢a3oBoOro aHanuza. ¥ MoAu(GUIIMPOBAHHBIX 00pa3IoB, MPOKaJIeH-
HbIX nipu 120°C, HabmrogaeTcs pa3ABHIKCHHUE MAKETOB TJIMHBI, O YeM
CBUJICTEILCTBYET YBEIIMUCHHUE 3HAUCHHUS MTEPBOT0 0a3aIbHOTO OTpaXKe-
uus (dooi) ¢ 9,6 A 10 16,2-16,7 A. TIpu 3TOM, B OTIMYHE OT paHee U3y-
YEHHBIX CHUCTEM, MOJIU(DUIIMPOBAHHBIX HHIUBHUIYIBHBIMU OJTUTOKATHO-
HaMH, MEKIUIOCKOCTHOE PACCTOSIHUE doo1 B IAHHOM CITy4ae HE U3MEHSIETCS
HKCTPEMANIBHO MO MEPE YBEJIMUECHUS COACPKAHUS THAPOKCOKOMILIIEKCA.
[To-BuauMOMY, 3TO CBSI3aHO C OCOOEHHOCTSAMM IPOIIECCa MOTYyUESHHS MO-
TUDUITTPOBAHHOM TJIMHBI.

[Tonmxenune pH cMecn MOHTMOPUIIIIOHUTA W TOJUTHUAPOKCOKOM-
MJIeKca PU YBEJIMYEHUH KOHLIEHTPALIUU MOCIEIHETO, C OJHOM CTOPOHBI,
3aTPyJHSET MOHHBIN OOMEH C MEXKCIOEBBIMU KaTHOHAMHU, CITIOCOOCTBYSI
YMEHBIIIEHUIO dooi, @ C APYroll — BEIET K CHKEHUIO COACPKAHUS HU-
KeJIsi B KOHEUHOM MPOIyKTE M3-3a pa3pylICHUs] OJIMTOKATUOHOB C 00Ib-
10 CTETNEHBIO MOJIUMEPHU3ALIUHU, CYIIIECTBOBAHUE KOTOPBIX HAOIIOAACTCS
npu Oonee Bricokux 3HaueHUsix pH (pH Hauana ocaxxaeHust THAPOKCH-
JIOB >Ke€JIe3a M HUKEJIS MTPU 3aJaHHBIX KOHIIEHTpanusx 2,3 u 7,7 cOOTBeT-
ctBeHHO). [Tocnennee 00CTOATENHLCTBO 00YCIOBIMBAET YBETMUEHUE dooi,
TaK Kak JJisl TJIMH ¢ BHEJIPEHHBIMU KOMILIEKCAMH HUKENS 3aBUCUMOCTh
MEXKIIJIOCKOCTHOT'O PACCTOSIHUSA OT KOHLEHTPALMK MOJIUTHIPOKCOKOM-
MJIEKCA HUKEJS UMEET SKCTPEMAIbHBIN XapakTep ¢ MAKCUMYMOM IIpU
5 Mr-3kB/T TTIUHBL. JlaHHOE MPE/NTONI0KEHUE TOATBEPKIAI0T PE3YIbTAThI
XUMHUYECKOTO aHasin3a o0pasioB. [Ipu n3MeHeHN KOHIIEHTPAIIMN KOM-
TieKca ot 5 10 15 Mr-akB/T TJIMHBI CO/IEpKAHUE JKelle3a B HUX YBEIUYH-
Baercs ¢ 21,5 10 48 Mr/r, Ipu 3TOM KOJIUYECTBO HUKEIISI YMCHBIIIACTCS C
9 no 7,8 mr/r. CymmMapHbIii xe 3(hPEKT 1elCTBHS BHILICONMCAHHBIX MTPO-
[IECCOB 3aKJIIOYAETCS B TOM, UYTO BEJIMYMHA dool IPAKTUUECKU HE U3MeE-
HSIETCS IPU MOBBIIIEHUU KOHIIEHTPAIIMU BBOJIUMOTO KOMILJIEKCA.

[ToBblllIeHUE TEMIIEpATYPhl MPOKATUBAHUS COMTPOBOXKIACTCS U3ME-
HeHueM (ha30BOTO COCTOSTHUS MOAUGDUIIUPOBAHHBIX 00pa3IoB. Tak, eciu
Ha peHTreHorpaMmax o0pasioB, mpokajaeHHbIX ipu 120°C, Habmr01ar0T-
csl TIUKH, OTHOCcAIMecs K OeHToHuTy U 0-FeOOH, To mpu nmoBsIieHnn
temmnepatypsl 10 400°C nosiBisitores Bazel 0-FeoO3 u NiFexO4, xoTs
UX XapaKTepUCTUYECKHUE JIMHUM HECKOJIbKO Pa3MbIThl. [[1s1 mHTEpBana
temriepatyp 400-800°C xapakTepHO 00pa3oBaHHE MIMUHEIU A COCTABA
o-Fe203—NiFe2O4—Fe304, KoTOpslli B BBICOKOTEMIIEPATYPHOU 00J1acTH
CTAHOBUTCSI 00JIe€ OKPUCTAIIITU30BAaHHBIM.
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Ananu3 UK-criekTpoB 00pa3loB ¢ BHEIPEHHBIMU B MEXKCIIOEBOE
MIPOCTPAHCTBO CMEIIAHHBIMU KOMILIEKCAMU KEJ€3a-HUKEIS 0Ka3a, 4To
MHTEHCUBHOCTL Aedopmanuonubix (1635 cm ') u Banentunix (3400
3600 cM ) KoeOaHMii MOJIEKYJT BOJIBI IO CPABHEHHIO C UCXOAHBIM MOHT-
MOPHJUIOHUTOM PACTET B CBSI3U C IONOJHUTENBHBIM BKIagoM OH -rpynn
«CTOJOUKOBY.

B oTnnune oT HCXOAHOM TJIMHBI U MOJU(DUIIMPOBAHHON UHAUBUAY -
albHBIMM MOJUTrUApoKcokoMmIuiekcamu Fe, Ha kpuBbix I TA cuHTE3UpO-
BaHHBIX 00pa3IOB HAOIIOJAETCS CMEIICHHE B 00JIee BBICOKOTEMITEpaTyp-
HY10 00J1aCTh TMKOB, COOTBETCTBYIOLIUX SHAOTEPMUUYECKUM 3PPeKTam,
OTHOCSIIIUMCS K YJJaJIeHUI0 BOJbL. [1epBbiii U3 HUX, 00YCIIOBJIEHHBIN MOTE-
peit azcopOupoBaHHOM BObI, cMeraeTcs co 120 mo 170—-175°C, BTopoii —
yYAAIEHUEM TMAPOKCUIBHON BOJbI KPUCTAINIMYECKON PELIETKH TJIMHBI C
655 o 685°C, a TpeTnii — BOABI, CBA3aHHON aTOMaMU B OKTa3IpUIECKON
KOOpJIMHALIUU U TIOT€pEN TUJIPOKCUIIOB, HAXOIAIIMXCS B KPEMHUUKHC-
JIOPOJIHBIX CJIOSX B TETPA3IpUUECKON KOOPAMHALIMY MOHTMOPHJIIIOHNTA,
¢ 835 10 910-915°C. Takum 06pa3zoM, 0Opa30BaBIINNCS B MEXKCIOCBOM
IPOCTPAHCTBE MOHTMOPUJUIOHUTA IIMMMHENU CIOCOOCTBYET 00JIe€ CUTh-
HOMY YJEP/KaHUIO HECTPYKTYPHOU U CTPYKTYPHOM BOJIBI. O CTPYKTYPHBIX
nepexoaax, He CBSI3aHHBIX C yalleHueM BoAbl, 1o KpuBbIM JITA cyauts
KpaliHe 3aTpyIHUTEIbHO BBUAY OTCYTCTBHUS YETKO BBIPAKEHHBIX [TUKOB,
KOTOPbIE MOKHO OBLJIO ObI OTHECTH K KOHKPETHBIM M3MeHeHusiM. Coro-
CTaBJICHHE MAaKCUMAJIbHBIX BEJIMYMH MOTepu Macchl (kpuBasi 7G) B UH-
tepBaie Temmeparyp 10 1000°C ¢ koHueHTpanuen ruIpOKCOKOMIUIEKCOB
Fe-Ni no3BoJisIeT BBISIBUTH CJEAYIONIYI0 3aKOHOMEPHOCTh: MOBBIIICHHE
KOHIIEHTpAI[UHU TUAPOKCOKOMILIEKCA ¢ 5 MI-3KB/T 710 15 Mr-3KB/T yBEu-
YUBaeT MOTEepU Macchl oOpasnoB ¢ 12 no 18%. JanpHeiiniee BBeacHNE
MOAU(PUIUPYIOIIETO areHTa He MPUBOAUT K KAKUM-THMO0 3aMETHBIM U3-
MEHEHHSIM, YTO CBUAETENBCTBYET HAPSILY C AAHHBIMU XUMHYECKOTO aHa-
JM3a 0 3aBEPIIEHUN MTPOLIECCa BHEAPEHUSI OJUTHAPOKCOKOMITIIEKCOB B
MEXCJI0€BOE TPOCTPAHCTBO TJIUHBI.

B Tabn. 5.6 npencraBieHbl JaHHBIE aACOPOIMOHHO-CTPYKTYPHBIX
UCCJIEIOBAHUM TOJMyYEHHBIX 00pa3lloB B 3aBUCMMOCTH OT KOJIMYECTBA
MOAU(PUIUPYIOIIETO areHTa U TEMIEPATYPhI MPOKATUBAHUS.

N3oTepmbl copO1iuu O6eH301a Ha M3YUYEHHBIX 00pa3nax uMeroT S-00-
Pa3HBI BUJ C XOPOILIO BBIPAKEHHOM METIEH KaWIIPHO-KOHIEHCAIIH-
OHHOTI'O TUCTEPE3NCA, HAUMHAIOLIETOCS TP OTHOCUTENBHBIX JTaBICHUSAX
P/ PsBoime 0,2-0,3. Ilpu P/ P,, 6nu3kux 1,0, TOYTH 17151 BCEX U30TEPM
XapaKTepeH Pe3KUil MObeM BETUUHHBI COPOLIMH, UTO CBUETENHCTBYET
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0 HAJIMYUHK B 00pa3Iax KpyMmHBIX Top ¢ pagunycom 6onee 200 A. Beicokue
3HAYEHUsI COPOIUM B 00JACTU MaJIBIX OTHOCUTEIBHBIX JIaBJICHUMN yKa-
3bIBAIOT HA MPUCYTCTBUM B UX CTPYKTYpE 3HAUUTEILHOTO KOJIMYECTBA
MHUKpONOp. B TO ke BpeMs OTUETIMBBIN KaUJUIIPHO-KOHICHCAIMOHHBIN
TUCTEPE3UC XapaKTEPEH Il COPOSCHTOB C Pa3BUTON NMEPEXOIHON MOPH-
CTOCTEBIO.

Taxum o6pazom, oOITMi aHAIM3 U30TEPM QJICOPOITUN — AeCOPOITIHI
0€H30J1a MOHTMOPUJUIOHUTOM, MOJU(UIIMPOBAHHBIM T'UPOKCOKOMILICK-
camu Fe-Ni, mo3BoJisseT OTHECTH MOCIEIHUM K COPOSHTaM C HEOTHOPOIHO
IIOPUCTOU CTPYKTYPOM.

Tabmuma 5.6
Biusinue KOHIEHTpauMu MOJUruaApoKkcokomiiekca Fe-Ni
U TeMIePATypPhl NPOKAJIUBAHUA HA aCOPOLMOHHO-CTPYKTYPHbIE
napamMeTpbl MOHTMOPHJLIIOHMTA

Temnepa- Konnentpanus ruapokcokomiuiekca, Mr-3kB (Fe-Ni)/r riuHbl
Typa Tpo- 5 10 15 20
KalTuBaHUs

06p’cl3IIOB, °C Sy):[ Vs s, A Sy;[ Vs Vg, A Sy):[ Vs ", A Sy;[ Vs Vg, A

120 125]0,15| 24 |164|0,16| 20 [190|0,17| 18 |207/0,18] 17
400 73 10,17\ 47 |86 (0,18 42 |86 (0,18 42 |72 0,20] 56
600 70 10,12| 34 |80 (0,15 38 |80 (0,17 43 | 690,18 52
800 50 (0,08 32 |57 (0,10 35 |50(0,11| 44 |43 10,11 51

Hpumeuanue. Sy, M*/r, u Vy, cm’/r.

Jlist MoguduIpoBaHHBIX 00pa3IoB HAOIIOIaeTCsl POCT aacopO-
UOHHO-CTPYKTYPHBIX MapamMeTpOB MO CPAaBHEHUIO C UCXOJHOW TIJIH-
HOM, 711 KOTOPOM BEJIMYMHBI yA€IbHOW MOBEPXHOCTH U COPOLIMOHHOTO
o0bema nop cocrasisaoT 65 M%/r u 0,09 cM’/r coorsercTBenHo. Jlan-
HbI€, NIPEICTABICHHbIE B Ta0J. 5.6, MOKa3bIBAIOT, YTO C YBEJIMUYEHUEM
KOJIMYECTBA NMoJaUruapokcokomiiekcoB Fe-Ni B pacTtBope ¢ 5 Mr-3kB/t
110 20 Mr-3KB/T, BETUYMHA Sy; MOJU(DUIIMPOBAHHOTO MOHTMOPHIIJIOHUTA
noBblIaeTcs nouty B 1,6 pasza (ot 125 mo 207 m?/r). Ilpu 5T0M copOLu-
OHHBIM 00BEM MOP U3MEHSIETCS HE3HAYUTEIBHO.

Temmneparypa npoKalrBaHHUs OKa3bIBAET CYIIECTBEHHOE BIIUSIHUE
Ha TMapameTpbl MOPUCTON CTPYKTYpPhl CHHTE3UPOBAHHBIX OOpa3loB.
Ha puc. 5.10 npeacraBieHsl KpuBbIE, XapaKTEPU3YIOLIUE 3aBUCUMOCTD
BEJIMYMHBI OTHOCUTEIHHOTO U3MEHEHHUS YACIbHOU MOBEPXHOCTH (A, %)
OT TeMIEPATYPHI.
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Puc. 5.10. 3aBUCUMOCTH BEJTMYHHBI OTHOCUTEILHOTO
M3MEHEHHUS yIeJIbHOU MOBEPXHOCTH 00pa31oB (A4, %)

OT TEMIIEPATYPHI MPOKATUBAHUS IIPU PA3TUIHOM KOJIHYECTBE
MTOJIUTUIPOKCOKOMILTIEKCOB Fe-Ni (Mr-3KB/T TJIMHBI)

AHann3 1aHHbIX puc. 5.10 OKa3bIBAET, YTO HE3ABUCUMO OT KOHLIEHTpA-
1uu BBeIeHHBIX KoMIuiekcoB Fe-Ni B unreppaiie 400-800°C nabmronaercs
IJ1aTO, YTO JI0KA3bIBAET BHICOKYIO TEPMOCTAOMIILHOCTH OOPA3I0B B JAHHOM
obnactu. Poct Temnepatypsl 10 400°C conpoBoXaaeTCsi 3HAUUTEIHHBIM
CHIDKEHHEM Sy, IPU TOM COPOLIMOHHBIN 00beM BeiieIcTBIE 00JIee TOTHO-
IO yAaJI€HUS] MEXKIAKETHOW U TMPOKCUIILHON BOJIbI HECKOJIBKO YBEIHYH-
BaeTCs. DTO CBSA3aHO C TEM, YTO NPU JAHHOM TeMIepaType, HECMOTPS Ha
BBICOKYIO KPUCTAILIMYHOCTh HAXOISALIUXCS B MEAKCIIOEBOM IPOCTPAHCTBE
MOHTMOPHJIIOHUTA «OTIOP», 00YCIIOBIUBAIOIIYIO CHUKEHHE yIETbHOM M0~
BEPXHOCTH, HE HAYAJICS IPOLIECC CIIEKAHNS, COITPOBOKAAIOIIMICS HCUE3HO-
BEHHEM MEJIKHX T0p, YBEITMUEHUEM CPEIHETr0 A3PPEKTUBHOTO painyca mop
U yMeHbleHueM Sy, U V. MoanduimpoBaHHbie 00pasiibl 1aXe Mocie mpo-
karmmBanus pu 800°C UMEIOT Pa3BUTYIO IOPUCTYIO CTPYKTYPY, UTO CBSI3aHO
¢ (PMKCHPOBAHUEM CJI0EB MOHTMOPHIJIOHUTA «CTOJIOMKaMI» IIIMMUHENIE00-
pa3HOU CTPYKTYPBI, NPEIATCTBYIOIUMH UX CKATHIO. Pe3koe CHIKeHue ani-
COpPOIIMOHHBIX TApaMEeTPOB HabIIOaeTCs pu TemnepaTtypax Boitie 800°C.

Takum oOpa3zoM, Ha OCHOBAaHUH ITPOBEICHHBIX UCCIIEA0BAHUMN OBLITU
YCTaHOBJIEHbI 3aKOHOMEPHOCTU U3MEHEHHUsI (PU3UKO-XUMHUECKUX U a/l-
COpPOLIMOHHBIX CBOMCTB MOHTMOPUJUIOHUTA, MOJIU(DUIIUPOBAHHOTO MOJIH-
TUAPOKCOKOMITJIEKCAMU KEJIE3a-HUKETS, B 3aBUCUMOCTH OT YCIOBUMN UX
CUHTE3a U TEMIIEPATYPhI IPOKAITUBAHUS.
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5.6. CucTeMa MOHTMOPWIJIOHUT —
MOIUTUAPOKCOROMITIIEKCHI Fe-Cr

B nannom pazzesne uzyueHsl PU3NKO-XUMUYECKUE CBOMCTBA IITUHU-
CTBIX 00pa310B, MOJUPHUIIMPOBAHHBIX CMEIIAHHBIMU HOJUTUIPOKCOKOMII-
JIEKCaMHU JKeJie3a-Xxpoma ¢ pa3inuHbiM cooTHoteHueM Fe : Cr. [IpuBenen-
Hasl CUCTEMA MPEACTABIIAET MHTEPEC, TAK KaK KEJIE30XPOMOBBIE KOHTAKTHI
LIAPOKO UCMOJIB3YIOTCS B KAUECTBE KATAJIM3aTOPOB B PEAKIMSIX OPTraHU-
YECKOI0 CHUHTE3A.

Ha puc. 5.11 npencraBneHo u3MeHeHNE 3HaYE€HUI TIEPBOTO 0a3alib-
HOT'O OTPayK€HUs1 MOHTMOPWIIIIOHUTA (doo1), BBIOPAaHHOI'O B KaU€CTBE KpU-
TEPUS U3MEHEHUS CTPYKTYPBI ITIMHUCTOTO MUHEPAJIA ITPU B3aUMOJICHCTBUU
ero ¢ nonuruapokcokomiuiekcamu Fe-Cr npu paznuyHOM COOTHOLLIEHUH
METAaJJIOB.

16 1 " 1 L 1 " 1 L 1 L 1
0 20 40 60 80 100

Cr, moi. %

Puc. 5.11. 3aBucumocTs 3HaYeHU doo1 OT cooTHouIeHns Fe / Cr
B COCTaBe MOAU(DHUIMPYIOIIETO KOMIUIEKCa

YcTaHoBieHO, YTO doo1 B 3aBUCUMOCTH OT COOTHOIIICHHS B T€TEPO-
runpokcokoMiuiekce Fe-Cr usmensiercst cinoxabsiM 00pazoM. Tak, door 10-
CTUTAaeT MakcuManbHoro 3Hadenus (22,1A) npu coornomenuu Fe / Cr
B KoMmIuiekce, paBHOM 90 / 10 moi1.%, B HHTEpBalie COOTHONICHHUH OT
75-25 Fe /25—75 Cr moa. % 3HaueHue doo1 PaKTUYECKU HE U3MEHSETCA,
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HaxoJich B npenenax 17,0-17,3 A. Crexyer oTMeTHTs, 4To 171 06pa3-
OB C MAaKCUMAaJIBHBIM doo1 HA PEHTTEHOTpaMMax B 00JIaCTH MajbIX yT-
708 (1-4 0) umeercst He OANH, @ HECKOJIBKO IMMUKOB CO 3HAYCHUSIMH doo1
22,1 Au 17,28 A, a Taxke oueHp cabdblif pa3smMbIThIil UK ¢ door = 18,0 A.
Habmroaemblii xapakTep U3MEHEHUs dool B 3aBUCUMOCTH OT COOTHOLIE-
HUA KOMITIOHEHTOB B cucteme Fe—Cr cneayeT cBsi3aTh ¢ 3aKOHOMEPHO-
CTSIMU KOMILJIEKCOOOPa30BaHUs B MPOLIECCE MOJTYUEHUS MOJUTHIPOKCO-
COCIMHECHUU.

YuuteiBas 10, uto pH 00pa3oBaHusi HHAUBUYaTbHBIX MTOJUTUIPO-
KCOKOMIIJIEKCOB €JI€3a U XpoMa 3HAaYuTeIbHO oTiandatores (2,71 u 4,30
COOTBETCTBEHHO), CIIEAYET MPEIIOI0KHUTE, YTO IPUCYTCTBUE HOHOB Cr’*
B PaCTBOpax, CoaepKaImx noHbl Fe*”, croco6CTBYET MOBBIEHUIO CTE-
neHH TuIposn3a nocneaux. Monsl Fe*' B pacTBope MHTMOMPYIOT IIporece
TUAPOIU3a XpoMa.

[Ipotiecc 06pazoBaHuUs TETEPOSACPHBIX MOJTUTHIPOKCOKOMIUIEKCOB
COIPOBOKJIACTCS 3HAUUTEITbHBIMU U3MEHEHUSIMU B KOJIIIOUTHO-XUMUYE-
CKOM COCTOSIHUM MH/IUBUTYyaJTbHBIX KOMITOHEHTOB, OKa3bIBAIOIINX B3aUM-
HOE BJIMsTHUE ApyT Ha Jipyra. COCTOsIHUE U CTPOCHHE T€TEPOSIIEPHBIX T10-
JIUTUIPOKCOKOMITIIEKCOB TOJIPOOHO M3yUeHbI B paboTax [6, 7], U3 KOTOPBIX
CJIEYET, UTO MPH MOTYUYSHUH KOMIUIEKCHBIX COSAMHEHUM BO3ZMOXKHO 00-
pazoBaHue B MPOIIECCE HAMIPABICHHOTO TUIPOJIN3a KaK CMECE MHANBU-
TyalbHBIX TUIPOKCOKOMILIEKCOB, TaK U B3aUMOJEHCTBUE MEXKY HUMHU.
IIpu cooTHOMIEHNN KOMIIOHEHTOB, paBHOM 90 Mon1.% Fe n 10 mon.% Cer,
CMEIIaHHBIN KOMILJIEKC COCTOUT, COTJIACHO JJAHHBIM padoTHI [ 7], U3 momu-
AJIEPHBIX THIPOKCOKATUOHOB JK€JI€3a U MOHOSIZIEPHBIX THIPOKCOKATHOHOB
XpOMa, B3aUMOJICIICTBUE MEKy KOTOPBIMU HE MMPOUCXOAUT. B nHTEepBane
cootHomennit 25—75 Fe / 75-25 Cr mon.% nabmomaercst oOpazoBaHue
CMEIIAaHHBIX TeTePOSACPHBIX THIPOKCOKATHOHOB JKeJIe3a-XpoMa CIey-
IOIIEr0 COCTaBa:

P OH - 4+
(H20)4Fe Cr(H20)4
™~ OH

O06paboTKka MOHTMOPHJJIOHUTA TOJIYYEHHBIMH THJIPOKCOCOETUHE-
HUSIMU COTIPOBOXKAAETCS X BHEIPEHUEM 110 HOHOOOMEHHO-0CAAUTEIh-
HOMY MEXaHH3MYy B MEXKIIAaKETHOE MPOCTPAHCTBO MOHTMOPHJUIOHHUTA C
(dukcaruei cioes.
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B Tabm. 5.7 npeacrasieHsl naHHble 110 niorsoiienuto Fe u Cr iHOM.

Tabmuma 5.7
MMoraomenue kommiekca Fe-Cr B 3aBHCMMOCTH 0T €ro cocTaBa

Coortnomenue Fe-Cr, mos1. % Fe Cr Y Fe-Cr pH

Fe Cr Mr/rT | % cop0. | Mr/t |% copO.|copOrust % | KOMILI.
100 0 143 50 - - 50 2,71
90 10 135 53 10 38 52 3,05
75 25 92 44 32 48 45 3,71
50 50 70 50 94 72 61 4,24
25 75 26 37 112 57 52 4,50
10 90 12 43 98 41 41 4,06
0 100 - — 41 16 16 4,30

JlaHHBIE PEHTIEHOCTPYKTYPHOTO aHaM3a XOPOLIO COrjacyroTcs ¢
pe3yJbTaTaMi XMMHUYECKOro aHaiu3a. M3 naHHBIX, NpeACTaBICHHBIX B
Tabs. 5.7, BUOHO, UTO BBEJIEHUE B COCTAaB KOMIUIEKCA >KeJe3a MOHOB
xpoMma npu cootHomennu Fe / Cr=90/ 10 moi. % conpoBokaaeTcs mno-
BBIIIIEHHEM CyMMapHou copoumu riauHoi noHoB Fe u Cr. MakcumanbHas
copO1Ms KOMIUIEKCOB INIMHOM Habmoaaercs npu cootHoweHuu Fe / Cr =
=50/50 mon. %. lanpHeiiee ypenuueHue coaep:xkanus Cr BEJET K 1o-
CTEIIEHHOMY CHM)KEHHUIO MOTJIOUIEHHS TOJIUTHIPOKCOKOMIUIIEKCOB U3-34,
KaK y’K€ OTMEYaJIOCh BbIIIE, CHUKEHUS oJiuMepu3yemMoctu Cr B IpUCYT-
CTBUM HEOOJIBIINX KOJIMYECTB HOHOB JKEJe3a.

N3oTepMbl copOrmu 6eH301a MOIUGUITUPOBAHHBIX 00Pa3I[0B UMEIOT
S-00pa3Hblil BUJ ¢ XOPOUIO BBIPAKEHHOH METIel KanuisipHO-KOHIEH-
CAlMOHHOI'0 THCTEPE3HNCA, HAUUHAIOIIETOCS IPU OTHOCUTEIbHBIX JABIIE-
uusax P/ Ps seie 0,2-0,3.

Bricokue 3HaueHUs BEIMUYMH COpOLMU B 00JIACTH MaJIbIX OTHOCH-
TEJIbHBIX JABJICHHUI yKa3bIBalOT HA HAJIMYUE B UX CTPYKTYPE 3HAUUTEIb-
HOT'O KOJIMYECTBA MEJIKUX MOP. B TO e BpeMsl OTUETIMBBIN THCTEPE3UC
XapakTepeH i COPOSHTOB C MepexoaHoM nopuctoctrio. [Tpu P/ Py, 61n3-
KHX K 1, HaOmroaeTcst pe3kuil o IbeM COPOLIMOHHBIX KPUBBIX, UTO yKa-
3BpIBAaET HA HAIM4Ue B 00pasax KPymHLIX Mop paguycoM 6oiee 200 A.

B pesynbTare ananmms u30TepM aicopOorimy — AecopOoimu napoB OeH301a
JU1s1 00pa3oB, MOAU(DUITMPOBAHHKIX THApoKcokomiLiekcamu Fe-Cr, mo3Bouis-
€T OTHECTH MOCIIETHUE K COPOEHTaM C HEOJHOPOHO-TIOPUCTON CTPYKTYPOH.

Y cTaHOBIEHO, YTO MOIU(ULIMPOBAHNE MOHTMOPUIIOHUTA CIIOCO0-
CTBYET CUHTE3y 00Pa310B C Pa3BUTOMN MOBEPXHOCTHI0. MOHTMOPUIUIOHUT,
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MHTEPKATUPOBAHHBIN KOMIUIEKCAMHU C pa3InyHbIM cooTHOIIeHneM Fe-Cr,
nuMeerT Sy B npeaenax 115-170 m*r u Vi 0,1-0,17 cm’/r. Benuuuna
yAETBHOM MOBEPXHOCTH B 3aBUCUMOCTH OT COCTaBa MOU(ULIUPYIOIIETO
’KEJIE30XPOMOBOT0 KOMIUIEKCA U3MEHSETCS SKCTpeMalibHO. MakcumyM ee
3HAYEHUI TPUXOJUTCS HA COCTAB KOMILUIEKCHBIX HOHOB, COOTBETCTBYIO-
i cootHomenusM 2575 Fe / 75-25 Cr mon. % (165170 mM%/r) u ipea-
CTaBJICHHBIX, KaK YKa3bIBaJIOCh BBIIIE, T€TEPOSIACPHBIMU MOJIUTUIPOKCO-
KOMIUIEKCAMU 5KEJIE€3a-XpOMa. Y CTAHOBIICHHBIN XapaKTEP U3MEHEHUS Sy
CUHTE3HPOBAHHBIX 00PA3I[0B B 3aBUCUMOCTH OT COCTaBa MOJIUPUITUPYIO-
HIEr0 KOMILJIEKCA aHAJIOTUYEH U3MEHEHUIO BEJTUYMHBI y1eIbHON OBEPX-
HOCTHU COOCQXJACHHBIX TUAPOKCHUJIOB KEJE3a U XpOMa OT cocTana [8]. AB-
TOPBI ATUX PAOOT CBA3BIBATIN HAOIIOAEMBbIN XapaKTep U3MEHEHUS Sy, OT
M3MEHEHMsI COCTaBa CO B3aMMHBIM BIIMSIHUEM THIPOKCHUIOB JKeJle3a U XpoMa
JpYT Ha ApPyra, 4TO BHIPAXKAIOCh B TOPMOKEHUHU POCTA YACTHUI] THAPOK-
CHJIOB B Ipoiiecce (OpMUPOBAHUS OCAIKOB U, KaK CJIEICTBHUE, YBEIUYE-
HUU yJIeTbHON OBEPXHOCTH.

Ha puc. 5.12 npenicraBieHbl KpUBbIE, XapaKTEPU3YIOIINE OTHOCUTEb-
HbIE U3BMEHEHUS Sy; B 3aBUCUMOCTH OT TEMIIEPATYPhI MPOKAITUBAHUS.

100
80
X
< 60
40
20 - 1 | | 1
0 200 400 600 800
T, °C

Puc. 5.12. 3aBucUMOCTh BETUYUHBI OTHOCUTEIBHOTO U3MEHEHHUS
yaenapHOU noBepxHocTH (4, %) B uHTepBaie teMneparyp 120-800°C
J1s1 00pa3IioB, MHTEPKATUPOBAHHBIX ouromepamu Fe-Cr:

1 —Fe 100%; 2 — Fe 90% — Cr 10%; 3 — Fe 75% — Cr 25%;

4 —Fe 50% — Cr 50%; 5 — Fe 25% — Cr 75%;

6 —Fe 10% — Cr 90%; 7 — Cr 100%
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W3 npencraBieHHBIX JaHHBIX BUAHO, YTO HauOO0JIee TEPMOCTAOUITb-
HBIMH SIBJISIFOTCST 00pasIibl, PYU CUHTE3€ KOTOPHIX UCIIOIH30BATIUCH CME-
[IaHHBIE THAPOKCOKOMITIIEKCHI, coaepkaiue Fe ot 25 mo 90 moi. %. C po-
CTOM COJIEpKaHHs XpOMa B 00pasiie UMEET MECTO HEKOTOPOE CHIDKEHHE Syj.

TakxuMm 00pa3om, MPOBEACHHBIC HCCIICIOBAHMS ITOKA3aJIU, YTO MOJTU-
buIMpoBaHUE TJIMH CMEIIAHHBIMHA OJIUTOMEPHBIMU MTOJIMTUIPOKCOKOM-
TIEKCaMH Kelle3a-XpoMa MO3BOJISIET CYIIICCTBEHHO IMTOBLICHTH MX aJICOPO-
ITUOHHO-CTPYKTYPHBIE XapaKTEPUCTUKH U TEPMOCTAOMILHOCTD.

Y CTaHOBIEHO, YTO NP UCTIOIH30BAHUH CMENTAHHBIX OJTUTOMEPHBIX
KOMILICKCOB TSI (DHKCAIMK CITOEB TJIMHBI HApSAAy ¢ TAKUMH IMapaMmeT-
paMu CHHTE3a MOHTMOPHJUIOHUTOB CO CJIOMCTO-CTOJIOYATON CTPYKTYPOH,
KaK KOHIICHTPAITUS TJIMHUCTOMN CYCIICH3UH, KOJIMYECTBO KOMILIEKCA, €T0
OCHOBHOCTb, OOJIBIIIOE BIUSHUE Ha (PU3NKO-XUMUYCCKHE CBOMCTBA TI0-
Jy4aeMbIX 00pa3IioB OKa3bIBACT COOTHOIICHUE MEXKTY METAINIaMU-KOM-
MJIEKCO00pa30BaTEIIAMH.

5.7. CUcTeMa MOHTMOPU/VIOHUT —
TUAPOKCOKOMIITIEKCHI Al-Fe

B nanHOM paszeine uzyuyeH npouecc MOAUPUIHPOBAHUS MOHTMO-
PUWUIOHHUTA CMeChIo ThapokcokomIuiekcoB Al u Fe, uccnenoBansl npo-
IIECChl CTPYKTYPOOOpa30BaHMs, TPOUCXOAIIME B JaHHOW CUCTEME, a
TaK)Ke MPOBEICHA OIEHKA BIMUSHUS YCIOBUN MOAU(PUITUPOBAHHS HA T10-
PHUCTYIO CTPYKTYpY MOIy4YaeMbIX aicopOeHTOB. BbiOOp B KauecTBe MO-
TU(GUIUPYIONIUX areHTOB CMEIIAHHBIX COCAMHEHUHN aTlOMHUHMS U Ke-
Jie3a 00yCJIOBJIEH T€M, UTO OHU MIPEACTABIISIOT UHTEPEC ISl KaTauu3a.

B pabote uzyueHo BIMsSHUE KOHIICHTPALUHU THAPOKCOKOMILIIEKCOB
Fe-Al, cooTHOIIEHNE METAIIIIOB KOMIUIEKCOOOpa3oBaTesieil B KOMIUIEKCE,
pH pactBOpa rereposiepHbIX NOJUTHAPOKCOKOMILIEKCOB Ha (PU3UKO-XHU-
MUYECKHUE CBOMCTBA MOIUMUIIMPOBAHHOTO MOHTMOPHUJIOHHUTA.

B niepBoii cepun 00pa3iioB KOHIIEHTPAIUS TOTUTHAPOKCOKOMITIIEK-
coB cocrapsuia 5, 10, 15, 20, 25 Mr-s3kB/T rIIUHBI IPY TOCTOSTHHOM COOT-
Homenuu Fe / Al=10/90 moun. %. Bo Bropoii cepun 00pa3iioB u3MeHsI-
JIOCh COOTHOIIICHHE METAJUIOB-KOMILIeKcooOpazoBareneit Fe / Al=100/0;
90/10;75/25;50/50;25/75;10/90;0/100 momn. % mipu mOCTOSHHOM
KOHIICHTPAITUH TOJUTHAPOKCOKOMITIIEKCOB 15 MTr-3KB/T TJIMHEI.

[Ipu ananuze qudpakTorpaMm mepBOM cepuu 00Pa3lOB YCTaHOB-
JICHO, YTO 3HAYEHUS doo1 C POCTOM KOHIICHTPAIIMU KOMILUIEKCA TOCTUTAOT
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makcumyma ipu 10—15 mr-okB (Fe-Al)/r rnunsbl, a 3aT€M MOHOTOHHO CHU-
xarotcs (ot 18,1 go 15,7 A). JlaHHast TeHJEHIIUS HAOII01allach paHee
pyu MO (PUITUPOBAHUU 00PA3II0B MOHTMOPUIIJIOHUTA TOMOSIICPHBIMHU
nonuruapokcokomiuiekcamu Fe, Zr, Al, Cr [1, 2]. YcTaHoBIeHHBIN Xa-
pakTep M3MEHEHUS MEKCIIOCBBIX PACCTOSHUN MOIUMDHUITUPOBAHHBIX 00-
PasIoB CBsI3aH, MO-BUAUMOMY, C COCTAaBOM U CTPYKTYPOH MOJyUYECHHBIX
reTeposIEPHBIX MOTUTHAPOKCOKOMILIEKCOB aimtoMuHus u xenesa (I111K).
AHaJIU3 TUTEePaTyPHBIX JAHHBIX CBUJIETEILCTBYET O TOM, UTO CTPYKTypa
[IT'K onpexnensercss yCaoBUSIMHU HAIIPABJIEHHOTO THAPOJIN3a COJIEH Me-
TaJJIOB, OHU YCTOMYUBBI JIUIIL IPU ONPEIeICHHbIX 3HaUeHus X pH.

Ha puc. 5.13 npencrasnena 3aBucuMocts u3MeHeHnust pH pactso-
POB CMEIIAHHBIX MOJUTUAPOKCOKOMIIEKCOB OT KOHIIEHTPAIIUU TTOJIUTH/I-
POKCOKOMIIEKCA U COOTHOIIEHHUSI METAJNIOB-KOMILIEKCOOOpa3oBartesnei
B KoMIuiekce. M3 puc. 5.13, @ BUIHO, 4TO pH U3MEHEHUH KOHIIEHTpa-
MU KOMIUIEKCa OT 5 710 25 Mr-3KB/T TJIMHBI pH KOMIIIEKca CHUKAETCs
ot 4,60 10 4,35, ciie10BaTeNIbHO, CTENEHD MOJIUMEPU3ALIMN KOMIUJIEKCHBIX
MOHOB CHHKAETCS.

4,6

4,5

4,5

= 4.4

44t

4,3

3 5 10 15 20 25 0 20 40 60 80 100

Konnentparusi Komriekca, Mr-3KB/T Fe/ Al, %
a 9]

Puc. 5.13. 3aBucumocts pH pacTBOpOB MONMUTHAPOKCOKOMILIIEKCOB:
@ — OT UCXOJHOW KOHIIEHTPAllUU KOMILJIEKCa;
6 — cootnomenust Fe / Al B coctaBe komruiekca

Ha puc. 5.14 npencraBneHsl TaHHBIE AIEMEHTHOTO aHaM3a 00pas-
1IOB, KOTOPbIE MOKA3bIBAIOT, KAK CYMMApHOE CO/ICPKAHNE KATUOHOB aJIto-
MUHHS ¥ KeJie3a B HCCIIeAyeMbIX 00pa3iiax 3aBUCUT OT KOHIICHTPAIIHH
KOMILJIEKCA U COOTHOIIICHUSI KATUOHOB METajlia B KOMILIEKCaX.
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[To 7aHHBIM 3IEMEHTHOTO aHaIN3a MOJIU(PUIIMPOBAHHBIX 00PA3IOB
(puc. 5.14, a) BUAHO, YTO TIPU YBEIUUYCHUU UCXOJTHON KOHIICHTpAIUU
KOMILJIEKCA OT 5 10 25 Mr-3KB/T CyMMapHO€ cojiepKaHue B o0pasiax 1mo-
riomeHHbIX Al u Fe pacret ot 1 10 3,7 MMonb/T riaunsl (uau ot 3,1 10
11 Mr-sKkB/T TJIMHBI).

4,0t
4,0
3,51
3,0f ¢
= . 3,0
2 2,5f A
3 =
g | 3
g 20 g 2,0
S 1,5 S
1,0f 1,0
0,5
1 L 1 L 1 L 1 1 L 0’0 1 1 1 N 1 N 1 .
0.07"5 10 15 20 25 20 40 60 80 100
KoHIleHTpalus KoMIuiekca, Mr-3KB/T Fe / Al, %
a o

Puc. 5.14. CymmapHoe coaepskanue B o0pasiax noriomieHHbx Al u Fe:
@ — B 3aBUCUMOCTH OT HCXOJIHOM KOHIIEHTPAIIMHA KOMILIICKCA;
6 — cootnomenust Al / Fe B coctaBe komruiekca
nocie npokanuBanus npu 120 (1), 550 (2), 800°C (3)

DaxT CBEPXIKBUBAJICHTHOT'O MOTJIOMIEHUS MOAUPUITUPYIOLTUX HOHOB
MOHTMOPHWJJIOHUTOBOM TJIMHOM paHee ObLT YCTaHOBJICH B padoTe [9], B
KOTOPOM MOKa3aHO, YTO MPU MOAUGPULIHUPOBAHUHN B MEKCIOUHOE MPO-
CTPaAHCTBO TJIMHBI BHEAPHUIIOCH Oosiee 9 Mr-skB Al/T.

B pa6ote [9] moka3aHo, 4To mpu yacTudHOM HehTpanuzanuu 0,1 M
pacTBOPOB COJIEH kee3a win antoMuHusa pactBopamu NaOH npu co-
otHomenu OH™ / Me*" > 1,6 no 13% oT Bcero Koau4ecTBa HOHOB B
pacTBOpE HAXOATCS B BUJIE MOJUTHIPOKCOKOMIUIIEKCOB, COACPIKAIIUX B
cBoeM cocTaBe oT 3 710 13 aToMOB MeTaII0B-KOMILIEKCOOOpa3oBaTeeil.
JansHelmee noseienne coorsomenus OH / Me** > 2,0 cnoco6ceTBy-
et pocty coaepxanus [II'K go 70%, npuuem, kak OTMEUarOT aBTOPHI,
JOMUHUPYIOIIUM CTaHOBUTCSI 00pa30BaHUE KOMILIEKCOB C MAKCUMaJlb-
HBIM TMPU JaHHBIX YCIOBUSAX YHMCIOM aTOMOB METaJUIOB-KOMILIEKCOO0-
pasoBarenei.
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B citydae ucrosb30BaHus B Ka4E€CTBE MEKCIOMHBIX OTIOp OHMHAp-
HBIX KOMIUICKCHBIX COCAMHEHUN, 00pPa30BaHHBIX HOHAMU METAJIOB-
KOMILIEKCO00pa3oBaTeliel pa3IudaHON IPHUPOIbI, PACCMOTPCHHBIE BHIIIIE
IPOIECCHI OCTOKHAIOTCS T€TEPOSACPHBIM THAPOKCUIBHBIM KOMILIECKCO-
oOpa3oBaHUEM, YTO BhIpaKAETCs B 00JIee CII0KHOM 3aBUCUMOCTH H3Me-
HeHus pH, koimdecTBa cymMMapHO noriomeHHbX HoHoB Al u Fe, dooi
ot cootHomenus Fe / Al (puc. 5.14, 6, 5.15). I1lo Mepe yBenudeHHs co-
Jep>KaHusl MOHOB JKelie3a B COCTaBe KOMILIEKCa IPOCMaTpHBAETCs 00-
11asi TCHJICHIUS K CHIDKEeHUIo pH, KoruecTBa CyMMapHO MOTJIONICHHBIX
nonoB Al u Fe, doo1, 9TO CBSA3aHO C CYIIECTBEHHBIM pa3IMYMEeM B 3HAUC-
HUsIX pH Havaia ocaXkIeHUs] HOHOB METaJJIOB-KOMILIEKCOO0pa30BaTelieii.
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Puc. 5.15. 3aBucumocTts 3Ha4eHUN doo1 OT cooTHoeHus Fe / Al
B COCTaBE MOJAU(DHIMPYIOMIETO KOMIUIEKCA

Tax, npu 0,1 M konnenTpaiuu nonos Fe*" pH nagana ocaxnenus
THAPOKCHUIA JKENe3a COCTaBseT 2,3—2,7, Torga Kak aias noHos Al B
TeX ke ycnoBusax pH Hauana ocaxneHus riAPOKCUAA ATFOMUHMS COCTaB-
nsiet 3,6-3,7. CrnenoBaTenbHO, IpU U3MeHEeHUU cooTHolueHus Fe / Al
IIPOTEKAIOT J1BA BCTPEUYHBIX npouecca. C 0JHOM CTOPOHBI, BBEIEHUE B CO-
CTaB KOMILJIEKCA MOHOB eJie3a crocoOCcTByeT cHIkeHuto pH pacTtBopa
[II'K B nenom. C apyroil — npucyTcTBHE OTHOCUTEIBHO HEOOIBIIUX
KOJINUE€CTB UOHOB amtoMuHus (10 20 moi1. %) B pacTBOpE COJIM Keje3a
BEJIET K yBEJINUEHMIO pH, cTenenn noimmepusanuy U rupoJin3a HOHOB
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xenesa. B To sxe Bpems u3 puc. 5.15 BUIHO, UTO KpHBasi 3aBUCUMOCTH doot
ot cootHotieHust Fe / Al B cocraBe MoauduIupyromero KOMIiekca rnpo-
XOJIMT Yepe3 MUHUMYM I1pu cooTHomennn Fe / Al =50/ 50 momn. %. Kax
CIIeIyeT U3 MpeICTaBICHHBIX B padoTe [ 10] qaHHBIX, IPYU COOTHOIICHUH
Fe / Al=50 /50 mon. % npoucxoaut oOpazoBaHre HauboJee yCTONYu-
BOT'O T€TEPOSAIEPHOTO THAPOKCOKOMILIEKCA, UMEIOIIETO CTPYKTYPY THIA

/OH \ 4+
(H20)4Fe Al(H20)4
N OH ~

OO0pa3oBaHue JaHHOTO KOMIUIEKCHOTO COEIMHEHUSI COMPOBOXKIACTCS
HE TOJIBKO JJOBOJILHO 3aMETHBIM CHUKeHUEM pH, 00ycinoBieHHbIM 00pa-
30BaHHUEM OJIOBBIX CBSI3€H MEXY pa3IMYHBIMU METAJIIaMHU-KOMILIEKCO-
00pa30oBaTENSIMH, HO U JIEAET MPAKTUYECKU HEBO3MOKHBIM JAITbHENUIITYIO
MOJIMMEPHU3ALNIO KOMIUIEKCA U3-32 TPYAHOCTEN C OPUEHTALIMEN MOHO-
AJIEPHBIX (PPArMEHTOB MO OTHOILICHUIO K IIEHTPaM MOJIMMEPU3ALINH.

Oco6eHHoCcTH POPMUPOBAHUS CMELIAHHBIX MTOJTUMEPHBIX KATHOHOB
KeJe3a-aTlOMUHUSA U YCIIOBUS CUHTE3a CTOJI0YaTOr0 MOHTMOPHIIJIOHUTA
OKa3bIBAIOT ONpPEACISIONIEe BIUSHUE HA XapaKTep U3MEHEHUs CTPYK-
TYPHBIX U aJICOPOLIMOHHBIX CBOMCTB CUHTE3UPOBAHHBIX 00PaA3I0B, UTO
noareepxkaaercs AanubiMu MK-cnekrpockonuu u pe3ysibraTamu aacopo-
IMOHHO-CTPYKTYpHBIX u3mepenuil. Ha MK-cnektpax Bcex Moauduimpo-
BaHHBIX 00pa310B HAOIIOAAEeTCS YCUIIEHNE MHTEHCUBHOCTH JIMHUH MOTJI0-
IICHUS BAJICHTHBIX U Je()OpPMALIMOHHBIX KOJIE€OaHUN MOJIEKYJ BOBI TIPU
3440 u 1625-1635 cM ™' COOTBETCTBEHHO. DTO 00YCIIOBIEHO TEM, YTO I'H/I-
POKCHJIbHBIE TPYIIIIBI THIPOKCOKOMIUIEKCOB BHOCAT CBOM BKJIA]I B IIOBBI-
[IEHNEe UHTEHCUBHOCTH JIAaHHBIX KOJIeOaHUM.

N3 cooTHOMIEHUSI CTPYKTYPHO-UYYBCTBUTEIBHBIX TOJIOC Dsss / Dags
ObLy1a OlICHeHA CTENEHb KPUCTAIUIMYHOCTH CUHTE3UPOBAHHBIX 00pPa3IIOB.
CpaBHEHUE CTENEHU KPUCTAJUIMYHOCTH HATPUEBON (POPMBI MCXOAHOMU
MOHTMOPHUJUTOHUTOBOMN TIUHBI (Dsss / Dass = 0,878) ¢ naHHBIMM JUISI MO-
TU(UIMPOBAHHBIX TJIMH MMOKA3aJ10, YTO TOCIIEHUE 001a/1a10T O0JIee BbI-
COKOM CTENEHBIO KPUCTAIUTMYHOCTH, YeM MCXO THAs TiuHa. J[71s1 00pasios,
MOJIU(PUITUPOBAHHBIX OJIMTOMEPAMH PA3TUYHON KOHIICHTPAIIUH, 3HAYE-
HUst Dsss / Dass MEHSIOTCS B 3aBUCUMOCTHY OT KOHIICHTPAIIMHA HE3HAYUTEIb-
HO U HaxoasTcs B npenenax 0,971-0,976 (puc. 5.16). [Ipu BapbupoBanumn

COCTaBa KOMIUIEKCAa MaKCUMaNIbHOE 3HaueHue Dsss / Dass HAOI01aeTcs pu
cootHoienuu Al / Fe =50/ 50 (puc. 5.16, 6).
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Puc. 5.16. 3aBUCUMOCTB CTEMEHU KPUCTATUIMYHOCTU 00pa3oB (Dsss / Daes):
@ — OT UCXOHOM KOHIICHTPAIIMK KOMILICKCa,
6 — cootHomenust Al / Fe B coctaBe komruiekca
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IIpu 505 cM ! mostBISIETCS pa3MBITBIA MAJIOMHTEHCHBHBIN MUK, KOTO-
PBI MOXKHO OTHECTH K KosieOaHusM cBsa3u Al-O-Fe B coctaBe cmenian-
HOT'O TUAPOKCOKOMILIEKCA.

W3 nansbix Tab6a. 5.8 u 5.9 BUgHO, 4TO MOAM(PUIIMPOBAHUE MOHT-
MOPUJIIOHUTA CIIOCOOCTBYET CUHTE3Y 00pa3LoB C Pa3BUTON MOPUCTON

CTPYKTYPOM.

Tabmmia 5.8
3aBHCHMOCTDH aICOPOLIMOHHBIX MApaMeTPOB 00Pa310B,
MOAU(PUUMPOBAHHBIX reTePOs/IEPHBIMU KOMILIEKCAMHU C Pa3JIHYHBIM
cooTHomieHueM Fe : Al npu mOCTOSAHHBIX CTENEHH OCHOBHOCTH
(OH /(Fe-Al) = 2) u konuentpauuu (15 mr-3ks (Fe-Al)/r riiunbi),
OT TeMIepaTypbl NPOKAJTUBAHUS

COOTHOIIEHUE Temnepatypa npokanuBanusi, °C

Fe / Al, mon. % 120 400 600 800
Al Fe Syn Vs Syn Vs Syn Vs Syn Vs
100 143 | 0,11 127 0,15 107 0,12 17 0,05

90 10 185 | 0,11 122 0,15 105 0,11 36 | 0,07
75 25 134 | 0,10 116 0,14 123 0,10 42 0,08
50 50 109 | 0,10 113 0,12 104 0,11 46 | 0,09
25 75 166 | 0,12 78 0,16 74 0,17 45 0,15
10 90 142 | 0,15 107 0,16 71 0,17 44 | 0,14
100 | 142 | 0,17 108 0,15 74 0,17 31 0,13

Tpumeuanue. Syy, M2/T, u Vi, cM/T.

Tabnuma 5.9
3aBHCHMOCTH aCOPOLHOHHBIX MAPAMETPOB 00pPa310B,
MoaAN(GUIMPOBAHHBIX reTeposiiePHLIMHE KoMILIekcamu Fe-Al
pa3iu4HOi KOHIeHTPauuu npu coornomennu Fe / Al=10/90,
OT TeMIepaTypbl NPOKAJIMBAHUS

KoHueHTpamus Temneparypa npokanusanus, °C
KOMITJIEKCa, 120 400 600 800
mr-3kB (Fe-Al)/r rnunbt Syx V. Syx Ve Syx Ve Syx Ve
5 152 | 0,19 | 117 | 0,12 | 100 | 0,1 29 | 0,05
10 153 | 0,15 | 118 | 0,13 | 102 | 0,11 | 31 | 0,06
15 185 | 0,11 | 122 | 0,13 | 105 | 0,11 | 46 | 0,07
20 159 | 0,13 | 152 | 0,14 | 124 | 0,13 | 44 | 0,09
25 147 | 0,13 | 137 | 0,13 | 108 | 0,12 | 38 | 0,08

Tpumeuanue. Syy, M*/T, u Vi, cM/T.
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MOHTMOPUIIIIOHUT, THTEPKATTMPOBAaHHBIN KomIuiekcamu Fe-Al, nme-
er Sy B pepenax 110-185 m?/r u V5 0,1-0,19 cm’/r, uTo cyniecTBeHHO
BBIIIE aJICOPOIIMOHHO-CTPYKTYPHBIX TapaMeTPOB UCXOJHOTO MOHTMO-
PUJUIOHUTA, JJI1 KOTOPOTO BEJIUUYUHBI YIebHON MOBEPXHOCTU U COPO-
1oHHoro oonsema nop 1o C¢Hg coctasnsror 65 Mm%/t 1 0,09 cm>/r cooT-
BETCTBEHHO.

Benuuuna yaenbHONW MOBEPXHOCTHM B 3aBUCHUMOCTH OT COCTaBa
MOJU(DUIUPYIOLIETO KENE30ATIOMUHUEBOIO KOMILIEKCAa U3MEHSIETCS
AKCTpEeMaibHO. MaKCUMyM €€ MPUXOJUTCS Ha COCTaB KOMIUIEKCHBIX
MOHOB, COOTBETCTBYIOIIMI cooTHoleHuto Fe / Al = 10 / 90 moin. %.
Y cTaHOBJIEHHBIN XapaKkTep U3MEHEHUS Sy, CHHTE3UPOBAHHBIX 00Pa3I0B
B 3aBUCMMOCTH OT COCTaBa MOJAUGPUIHMPYIOIIEr0 KOMILJIEKCa aHAIOTU-
YeH U3MEHEHMIO BEJIMYUHBI YACIbHOW MOBEPXHOCTU COOCAXKICHHBIX
TUIPOKCUIOB JKEJE€3a U aJIOMUHUA B 3aBUCUMOCTU OT COOTHOLIEHUS
TUJIPOKCUIOB [8].

ABTOpPBI 3TUX PabOT CBSA3BIBAIA HAOIIOMAEMbBIN XapaKTep U3MEHE-
HUS Sy; OT COCTaBa CO B3aMMHBIM BIUSHHEM THAPOKCHUIOB Kelie3a U
AJFOMHUHUS, YTO BBIPAXkKaJI0Ch B TOPMOKEHHHM POCTa YaCTHULl TUAPOKCH-
JIOB B miporiecce (POpMHUPOBAHUS OCATKOB M, KaK CIIEJICTBUE, COITPOBOXK-
JaJ0Ch YBEIUYEHUEM YIEIbHON moBepxHOCTH. Jlyia cepuun o0pasios,
MOJIYYEHHBIX C UCIOJh30BaHUEM KOMIUIEKCOB PAa3IUYHON KOHIIEHTpa-
1uH, MakcuMyM Sy; (185 M?/T) COOTBETCTBYET HCXOAHOM KOHIIEHTPALUH
moaudukaropa, paBuou 15 mr-sks (Fe-Al)/r.

N3otepmbl copOumu GeH3osa uMeroT S-o0pas3useiil Buj (tun H4 no
knaccudukanu MKOTTAK) ¢ xoporiio BeIpakeHHOM MeTiiel rucTepes3unca,
HAaYWHAIOIMIETOCS IMPU OTHOCUTENBHBIX JaBieHusx P/ Py Boime 0,2—0,3.
Bricokue 3HaueHUs BEIMUUH COPOIMU B 00JACTH MAJIBIX OTHOCHUTEIb-
HBIX JIaBJICHUM YKa3bIBAIOT HA HAJTUYUE B UX CTPYKTYPE 3HAUUTEIHHOTO
KOJIMYECTBA MEJIKUX TOp. B TO ke BpeMs OTYETIMBBINA THCTEPE3UC Xa-
pakTepeH UIsi COpOEHTOB C NepexoHoM nopuctocTsio. [Ipu P/ Py, 6nus3-
KX K 1, HaOMroaeTcs pe3kuil moAbeM COpOIIMOHHON KPUBOH, YTO YKa-
3pIBAaeT HAa HAJIMYUE B 00pa3Iax KPyNnHbIX Iop paguycoM 6onee 200 A.
Takum o0pa3om, aHATH3 U30TEPM aJCOPOITUU — JECOPOITUHU MMapoB OCH-
3071a Jy1st 00pa3IoB, MOAU(PUIIMPOBAHHBIX THIpOKcOKoMILIekcamu Al-Fe,
MO3BOJISIET OTHECTHU MOCJEIHNE K COPOEHTaM C HEOJTHOPOIHO MOPUCTOM
CTPYKTYPOH.

Ha puc. 5.17 npencrasinensl kpusble JJTA s cucteMbl MOHTMO-
PULIOHUT — TUAPOKCOKOMIUIEKCHI Fe-Al ¢ MeHsronumMest COOTHOIIIEHUEM
MeTaNIOB-KOMILJIEKcooOpa3zoareneit (cepus 2).



http://chemistry-chemists.com

126 I'maBa 5. MopguuUIIMpOBaHe CTPYKTYPbl MOHTMOPW/IJIOHUTA

JJ1g Bcex mpeacTaBiIeHHBIX 00pa3oB 3H103(P(HEKThI, OTHOCSAIIUECS
K yJJICHUIO aJIcCOpOMPOBAaHHON BOJIbI, HAXOJATCS B MHTEPBAJE TeMIIe-
paryp 120-130°C, uTo He OTaMYaeTCsl OT UCXOJHOM TJTUHBI.

i
382 660 848
123 2
388 520 675 835
20 3
164 .~ 286 376 4
131 668 &89 5
524 883
T 1128' T T T T T T T T I65'0 T T T T T T T
100 200 300 400 500 600 700 800 900 1000
T, °C

Puc. 5.17. Kpusbie JITA MOHTMOPHIIIOHUTA, MOJTU(DUITMPOBAHHOTO
KOMIUIEKCaAaMU ¢ MEHSAIIMUMCcs cooTHoleHueMm Al / Fe:

1—-100% Al; 2—-90% Al/ 10% Fe; 3 —50% Al/ 50% Fe;
4—-10% Al/90% Fe; 5 —100% Fe

HckimroueHueM sBisieTcst 00pasel, 00paboTaHHBI KOMILIEKCOM, CO-
nepxammm 50% Fe u 50% Al, qyist kotoporo nanssliii 3¢ dext cmenieH
B OoJiee BhICOKOTeMMepaTypHyto oosacts (160—170°C). JIBa npyrux sH-
n03¢dexTa, COOTBETCTBYIONINE YAATCHUIO KOHCTUTYIIMOHHOM BOJIBI U3
CTPYKTYPHI TJIMHBI, HAXOSTCS B TOM € TeMIIEpaTypHOM UHTEpBaje, 4To
U JUTSI ICXOJTHOT'O0 MOHTMOpUIIToHUTA (650—675 1 835-890°C).

Ha xpuBoii JITA obpa3zna, MoaudUuIIMPOBAaHHOTO MOIUTHIPOKCO-
KOMIUJIEKCOM aitoMUHHUS, TiposiBisieTcst dHI03GdexT nmpu 380°C, oT-
HOCSIITUICA K JAeTUIpaTanuy Tuo0cHuTa ¢ BhIJIEIEHHEM OCHOBHOM Mac-
ChI €r0 KOHCTUTYIIMOHHOW BOJIBI M YACTUYHOMY 00pa3oBaHUIO OeMuTa
v-AlOOH. [lannbiii 3¢ (HeKT CTaHOBUTCSI MEHEE BBIPAKCHHBIM U TIPOSIB-
JsieTCSl IPU HECKOJIBKO Oosiee BhIcOKUX Temieparypax (mo 395°C) no
Mepe MOBBILIECHUS cojiepkaHus Fe u cHuxenus conepxkanus Al B mo-
nuduuupyromiem komiuiekce. st oopasua ¢ 75%-HbIM copepKaHueM
Fe on BooOu1e He nposiBigeTcs. BBeneHue B cocTaB KOMIUIEKCA kKele3a
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NPUBOJIUT K NOsIBJIEHUIO 3H03 D PekTa mpu 520-530°C, coOoTBETCTBY-
IOIIETO yaleHuto Boasl u3 0-Fe20s3 - xH20O, uHTEHCUBHOCTH KOTOPOTO
pacTteT 1o mepe noBbileHus conepxkanus Fe. s o6pasna, oOpado-
TaHHOTO oJiuroMmepom, coaepxamum Fe 90% u Al 10%, xapakTepHo
nosiBiieHue AByX dk303(dextoB. [lepsriit (286°C) oTHOCUTCSA K TIepe-
xonay Fe3O4 B y-Fe2O3, BTopoit (376°C) cOOTBETCTBYET 00pa30BaHUIO
a-Fe20s u3 y-Fe20s [8].

[Ipu yBeauyeHHUM KOHIIEHTpAIIMU CIIMBAIOIIETO areHTa oT 5 10
25 Mr-3kB/r (IpU COOTHOIIEHUU METAIOB-KOMILIEKCOOOpa3oBareneit
90% Al u 10% Fe) cymectBennbix n3mMmeHenuit Ha kpuBbix JITA He Ha-
omonanock. [lo Mmepe pocta KOHIIEHTpALIMU MOJIUPUIIUPYIOIIETO KOM-
MJIeKCa YBEJIMUYUBAIacCh HHTEHCUBHOCTD MTUKOB, YTO CBSI3aHO C yBeIUYe-
HUEM KOJIMYECTBA «OTOP».

Tepmuueckast 00paboTKa OKa3bIBAET CYIIECTBEHHOE BIUSHHE Ha Ta-
pameTphl MOPUCTON CTPYKTYPbl CHHTE3UPOBaHHbIX 00pa3ioB. Ha puc. 5.18
MPE/ICTAaBIICHBI KPUBBIE, XapaKTEPU3YIOIINE OTHOCUTEIbHOE U3MEHEHHE
BEJINYMHBI YJIeIbHOW TOBEPXHOCTH (4) B 3aBUCUMOCTHU OT TEMIEPATYPhI
POKATMBAHUSI.

AHnanu3 JaHHbIX Ta6m. 5.8, 5.9, puc. 5.18 nokasan, uro Haubomee
TEPMOCTAOUIBLHBIMU SIBJISIIOTCSL 00pasilbl, TPU CUHTE3€ KOTOPBIX HC-
MOJIb30BAJIMUCh CMENIaHHBIE THIPOKCOKOMILUIEKCHI, coaepxkariue Al ot
90 1o 25 moa. %. OO0 3TOM CBUAETENBCTBYET MOSBICHUE TOPU3OHTAIIb-
HOT'O TIJIATO Ha KPUBBIX 3aBUCUMOCTH OTHOCUTEJILHOTO U3MEHEHHUS Be-
JUYUHBI yACIbHOM MOBEPXHOCTH A OT TeMIlepaTypbl MPOKAIHBAHUS.
OTHOCHUTEIBLHOE CHIXKEHHUE Sy, B mHTepBase Temmeparyp 350—700°C co-
crasisieT He Oonee 10-35%.

CopOuMOHHBII 00bEM MOP C POCTOM TEMIEPATYPhI MPOKAIUBAHUS
JUTS BCEX M3YYEHHBIX 00pa3IioB HECKOIbKO yBenmmuuBaeTcs mpu 400—-500°C
(Tabmn. 5.8 1 5.9), yTo 00yCIOBIEHO, C OTHOW CTOPOHBI, TEM, YTO B JAHHOM
TEeMIEPaTypHOM MHTEPBAJIC IOCTUTAETCS HanboJiee MOJHOE yAAJICHUE C
MOBEPXHOCTH 00pa3IIoB KaK aIcCOPOMPOBAHHOM BOJIbI, TaK U BOJbI, BXO/Is-
I B cocTaB MOIUGUIIUPYIOIIHUX THAPOKCOKOMIUIEKCOB, C IPYTOi — 00-
pazoBaHue mop 0osiee KPyMHBIX pa3MepoB.

[Ipu ucnonp30BaHUU B KauecTBE MOAU(MUKATOPOB KOMILIEKCOB C
MeHsrommmMcs cootHomenueM Al / Fe (cepus 2), KpoMe pacCMOTPEHHOM
TEHJICHIINH, IPOCMATPUBAETCS €IIE 0JJHa OCOOCHHOCTh: MOBBIIICHHUE CO-
nepxkanus Fe B cocTaBe cMelaHHbIX THAPOKCOKOMILIEKCOB IPUBOIUT K
yBenudenno Vs 06pasuos ot 0,07 em?/r (Al/ Fe =90/ 10) mo 0,15 cm’/r
(Al/Fe=10/90) mpu 800°C (Tabm. 5.8).
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Puc. 5.18. OTHOCHTENBHOE N3MEHEHHUE Y IETLHON MOBEPXHOCTH (A4)
B 3aBUCHUMOCTH OT TEMIIEPATypbl IPOKATMBAHUS JJIs1 00pa3IIOB,
MOAU(PHUITIPOBAHHBIX

@ — KOMIUTEKCaMU Pa3IMYHBIX KOHIICHTPAIUM:
1-5;2-10;3—-15;4—-20; 5—25 (Mr-3kB/r);

6 — KOMIUIEKCaMU C Pa3JInYHbIM cooTHoIlIeHuem Al / Fe:

1—-100% Al; 2—-90% Al/ 10% Fe; 3 —75% Al/25% Fe; 4—50% Al/ 50% Fe;
6 — KOMIUIEKCaMH C pa3InyHbIM cooTHomeHueM Al / Fe:
5—25% Al/75% Fe; 6 —10% Al/ 90% Fe;
7 —100% Fe; 8§ — Na-MOHTMOpPUIUIOHUT
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[IpoBeneHHbIE UCCIENO0BAHUS [TOKA3aIIM, YTO MAaTEPUAIbI, TOTYYECH-
HbIE HA OCHOBE MOHTMOPHJJIOHUTA U T€TEPOSIEPHBIX KoMIUIekcoB Al-Fe,
00J1a/1at0T BBICOKUMU aICOPOIIMOHHBIMU XapaKTEPUCTUKAMU U TEPMOCTa-
OMJILHOCTBIO, UTO JIEJIACT MEPCIICKTUBHBIM UX UCTIOJIh30BAHUE B KAYECTBE
COpOeHTOB M KaTajauzaTopos [11].

5.8. Afmcop61msa 6eH3o01a, aMMUaKa
Y JUOKCH/Ia cephbl COpOeHTaMM Ha OCHOBE
MOHTMOPH/UIOHUTA

3aluTa OKpY>Karolel cpeibl OT 3arpsi3HEHUI BpeIHbIMU BBIOpOCAMU
NPOMBILIJIEHHOCTH U TPAHCIIOPTA SIBJISIETCS B HACTOSLIEE BPEMS OHOM U3
OCHOBHBIX MPOOIIEM.

Bonbiyto poJib B yaleHUHU TOKCUYHBIX TPUMECEH U3 OTXOASIIUX
ra3oB M CTOYHBIX BOJI UIPAOT aAcOpOLMOHHBIE MeTOAbl. Jlo HenaB-
HEro BPEMEHH OOJBIIMHCTBO aJCOPOIMOHHBIX MPOIIECCOB 0a3upoBa-
JIOCh Ha CUHTETHYECKHUX aacopOeHTax (Yrisix, HEeOoJUTaxX, MOHUTAX U
psane apyrux matepuainoB) [10]. Mexay TeM UX MOKHO 3aMEHUTh Ha
COpOEHTHI, MOJTYyUYEHHbIE HA OCHOBE HETOPOTUX MUHEPATIOB CMEKTUTO-
BOro psaa [12].

JUis noBeiieHNs 3 (HEKTUBHOCTHU MPUPOIHBIX COPOEHTOB pa3pado-
TaHbl Pa3IMYHbIE METOABl MOAU(PHUIMPOBAHUS UX MoBepxHOcTU. Oco-
Oblii MHTEpEC B ATOM IUJIAHE MPEJCTABISIOT TJIMHUCTBIE MaTepuasbl ¢
pPaCIIMPSIOIENCS CTPYKTYPHOU SIMEMKOM, NIOJIyYEHHBIE ITyTEM BHEIPE-
HUS B UX MEXCIIOMHOE ITPOCTPAHCTBO OPTaHMUYECKUX WJIM HEOpraHuye-
CKUX OJIMTOMEPHBIX KaTHOHOB. Takasi 00paboTKa OTKpPHIBAET MIMPOKUE
BO3MOXHOCTH JUIsl CHUHTE3a COpOLIMOHHO-AaKTUBHBIX MaTEpHaJIOB C 3a-
JTAaHHBIMU cBoMcTBamu [12, 13].

OngnuM u3 Haubojee BPEIHBIX C TOYKHU 3PEHHUS 3KOJIOTHMU MpO-
MBIIUIEHHBIM MPOLIECCOM, HPH KOTOPOM BBIJENSAETCS B aTMocdepy
00JBII0€ KOJIUYECTBO 3arpsA3HAIONINX BEIIECTB, SIBISETCS U3rOTOBIIE-
Hue crepxkHel u gopm. CocTaB ra3oBblACIeHUN 00YCIIOBIIEH HAJIM-
YUEM JIETKOJIETYYUX COEMHEHUI B HCIOJIb3YEMOM CBA3YyIOLIEM. AHa-
J13 BEIOPOCOB 00pa3yIOLIUXCs MPU UCIOJIB30BAHUN PA3INUYHBIX TUIIOB
CBS3YIOIIMX, MOKa3aj, YTO MPAKTHUUYECKH BO BCEX MMEIOTCS aMMHaK,
OKCH/JIbI CE€phl U OEH301.

Hacrosimee uccneqoBaHne MOCBSIIEHO U3YYEHHIO BO3MOXHOCTH
UCIIOIb30BaHUsI MUKPOIIOPUCTHIX COPOECHTOB, MOJYUYEHHBIX HA OCHOBE
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MOHTMOPWUIOHUTA U THAPOKCOKOMIIJIEKCOB MHOTOBAJIGHTHBIX METaJ-
JIOB PA3IMYHON MPUPOBI, 1JIs TOTJIOIICHHS MapOB aMMHUaKa, OKCHIOB
cepsl U OeH301I1a.

B kxadecTBe OCHOBBI 111 MOAU(PUITUPOBAHUS OBLT B3SIT MOHTMOPHII-
JIOHUT ACKaHCKOTO MECTOPOKICHHSI, KOTOPBII UMEET KAaTHOHHYIO OOMEH-
HYy10 eMKOCTh E = 1,05 Mr-3KB/T.

OOpa31sl 17151 UCCIIEIOBAHUN CHHTE3UPOBAIA ITyTEM KOHTAKTHUPO-
BaHUs 3%-HOH CyCIIeH3MM MOHTMOPHIJIOHUTA C PACTBOPAMHU THAPOKCO-
komiuiekcoB Fe, Al, Fe-Al, Fe-Zr, Fe-Ni ¢ mocnenayromieil OTMBIBKOM,
cryiieHueM, GOpMOBKO# U cymikoi. KoHIeHTpaIuu pacTBOPOB KOMILICK-
COB COCTABJISUIA 5 MI-DKB/T INIMHBI, OCHOBHOCTHL KoMIuiekcoB OH™/ Me"*
Obu1a paBHa 2. COOTHOLIEHHE METAJNIOB-KOMIUIEKCOOOpa3oBarTesei B re-
TEpOSAEPHBIX KoMIUIekcax coctaBisiio Fe/ Al=15/85,Fe/Zr=95/5,
Fe / Ni=50/50 mon. %. Kak moka3ano B pabotax [2—5], mpu JaHHBIX
COOTHOIIEHHUSX 00ECIIeUNBAIOTCS MAKCUMAJIbHBIE 3HAYEHUS COPOIMOH-
HBIX MTAPaMETPOB.

Kax BugHO u3 qanHbix Tads. 5.10, B 3aBUCUMOCTH OT IPUPOII ME-
TaJNTIOB-KOMILIEKCOOOpa3oBaresieil uccieayemMbie 00pa3iibl 3HAYUTEITHLHO
Pa3IMYAIOTCS 10 BEJTUYHUHE ITEPBOT0 0a3aJIbHOTO OTPAKCHHUS, KOJTUICCTBY
TIOTJIOIICHHBIX METaNTIOB-KOMITIIEKCOOOpaszoBaterneii u pH cycrensun mo-
JU(UIHPOBAHHBIX 00pPa3IIOB.

Tabmmia 5.10
3aBHCHUMOCTH CO/Iep:KaHUs B 00pa3iax
MeTaJJIOB-KOMILIekcooOpa3oBaredieil, pH u d oo1
OT NPHUPOALI MOAUPUIMPYIOLIET0 KOMILIEKCA

Momudurnupyromuii | KoaudecTBo MOTIONEHHBIX METAIOB-
komruiekc (Me1—Mez) KOMILJIEKCOOOpa3oBaTeeii, MMOJIb/T pH doot
Al Me: Me: |2 =Mei + Me>
3,18 - 3,18 4,73 | 17,53
Fe-Al 0,48 3,40 3,89 442 | 16,34
Fe-Zr 1,26 0,11 1,38 2,36 | 24,20
Fe-Ni 0,82 0,14 0,96 2,29 | 16,55
Fe 1,23 - 1,23 2,52 | 15,90

3HadYeHUs MEePBBIX 0a3albHBIX OTPAXKEHUM dooi HA AUGPaAKTOrpaM-
Max BbICyIIeHHBIX Npu 120°C MoauduimpoBaHHBIX 00pa3IOB COCTAB-
nsroT 15,9-24,2 A, B TO BpeMs Kak 1711 MOHTMOPUILIOHUTA B HATPHEBOI
dopme nannbIil Mokaszarens 6yaeT 9,3 A. KonndecTBo NOTI0OIEHHBIX
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MOAU(UKATOPOB U3MEHSITOCH OT 0,96 110 3,89 MMOJIb HA TpaMM TJIMHBI.
Bennuunsl 3Hauennit pH Haxoaunucs B nipenenax 2,29-4,73.

Ha puc. 5.19 npencraBneHsl H30TepMbl cOpOLIMH OeH3051a MO DU-
IIUPOBAHHBIMH O0pa3IamMHu.

201
Fe-Ni
Fe-Al
* Fe-Zr

1,5
2 Al

Fe

0,5

0,0 | . N T T S T
0,2 0,4 0,6 0,8 1,0
P/ Ps

Puc. 5.19. U3oTepMmsl ancopbiuu OeH301a odpasiaMu
MOTH(DHIIMPOBAHHOTO MOHTMOPHIJIOHUTA

PaccmoTpenue popm n3orepMm copO1uu 6eH3051a Ha pa3InuHbIX 00-
pasuax (puc. 5.19) mo3BoSIET OTHECTH pacCMaTPUBAEMbIE€ MAaTEPHUAIIBI K
copOeHTaM C HEOJHOPOTHO-TIOPUCTOM CTPYKTYypoid. Pe3kuit mobeM u3o-
TEpM B 00JIACTH MaJIbIX OTHOCUTEBHBIX JIaBlieHUui ajgcopbara (P / Py =
=0,05-0,10) cBUZIETENBCTBYET O HATMYUU MUKPOIIOP, @ OOIIHI BUI U30-
Tepm, 6mu3kuii k S-o0paznomy (tun H4 no xkinaccuduxammu MHOTTAK), u
PE3KHiA TOTbEM COPOIIMOHHBIX KPUBBIX MPY OTHOCUTEILHBIX JTaBJICHUSX,
Omm3KkuX K 1, yka3zpIlBaeT Ha HAIMYKE B 00pasiax KPYIMHBIX TIOp pajuy-
com Gonee 200 A.
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B ta6mn. 5.11 npencrasiieHbl COPOLIMOHHBIE XaPAKTEPUCTUKU TPUPO/I-
HOT'0 U MOJU(PUIIMPOBAHHOIO MOHTMOPUJUIOHUTA.

B npouecce MmoauuimpoBanysi MOHTMOPHIUIOHUTA MHOTO3aPsITHBIMU
KaTHOHAMH ITOCJIEAHUE BHITECHAIOT C OOMEHHBIX MO3ULINI KAaTUOHBI HATPUS,
3aHUMAIOT UX MECTA, BbI3bIBAsI IEPE3apsAAKY TOBEPXHOCTH MUHEPAJIA U YBE-
JUYeHHe nopucTocT. B pesynbrare copOLMOHHBIN 00BEM U yAETbHAS MO-
BEPXHOCTH B 3aBUCUMOCTH OT MPUPOBI MOAU(DUKATOPA YBETUIUBAIOTCSI 110
oenzoiy B 1,2—1,8 u 3,00—4,66 paza. BmMecTe ¢ TeM BETMYHHBI COPOIMOHHBIX
XapaKTEPUCTHK HE HAXOATCS B IPSAMOM 3aBUCUMOCTHU OT 3HaYEHUH doo1.

Tabmnma 5.11
CopOnuoHHbIE XapaKTEePUCTUKU 00Pa30B NIPHUPOIHOTO
U MO (PUIIUPOBAHHOT0 MOHTMOPHJIJIOHUTA

O6pasen Sy, M2/T Vs, cM3/T
MouT™mopuiionut B Na'-(opme 60 1,01
MoHTMOPHIUTOHHT + Al 183 1,21
MountmopuiionuT + Fe-Al 250 1,18
MouTtmopuiuioHuT + Fe-Ni 272 1,80
MoutMmopuiinoHut + Fe-Zr 280 1,49
MoutMmopuioHuT + Fe 190 1,42

XapakTep copOuuu OeH30J1a B 3aBUCUMOCTH OT MPUPOJBI MOJIU-
bunMpyomero areHTa uMeeT cBou ocooeHHoct. Hanbosee BrICOKMMU
COpPOLIMOHHBIMU NTapaMeTpaMu OTINYAETCA 00pa3el] MOHTMOPUIIOHUTA,
MOJIM(ULMPOBAHHBIN CMEIIAHHBIM KOMIUIEKCOM JKeJe3a-HUKENs, KOTO-
pBIN XapaKTepu3yeTcsi HAUMEHBUINM COIEP>KaHUEM MOIU(DULIUPYIOLIUX
KaTHOHOB (Tabia. 5.10 m 5.11).

BriOpaHHbIe yCI0BHS CHHTE3a 00€CTIEUYMBAIOT ONTUMAIBHOE KOJIH-
YECTBO MOJIUTUAPOKCOKOMIUIEKCOB, MOTTIOMEHHBIX MOHTMOPUILLIOHUTOM.
C ogHOM CTOPOHBI, KOTMYECTBO MEKCIOMHBIX OMOP JOCTATOYHO AJIs1 MOA-
Jep>KaHusl CI0EB IIIMHBI Ha OMPEJEICHHOM PACCTOSIHUM APYT OT Apyra.
C npyroit — MeXCIOWHOE MPOCTPAHCTBO OCTAETCS JJOCTATOYHO CBOOO-
HBIM U JOCTYITHBIM JIJIs Pa3JIMUHBIX afcopOaroB (Tadm. 5.10 u 5.11).

Tak Kak MOBEpXHOCTh MOHTMOPUJUIOHUTA HECET KAK OTPULIATEIbHBIE,
TakK U MOJIOKUTEIbHBIE 3apsAbl, TO TaHHBIH MUHEpaJI CIOCOOEH copOupo-
BaTh r'a3bl U KUCJIOTO, 1 OCHOBHOTO XxapakTepa [14—17].

JUJIs1 OLIEHKH BO3MOKHOCTHU MPAKTUYECKOTO UCIIOJIB30BAHUS Oy -
YEHHBIX 00pa3LoB 0bLI0 U3yueHo nornonieHue umu NHz u SO., aBistto-
IIMXCS OCHOBHBIMH 3arpS3HUTEISIMU aTMOC(EPBHI.
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N3oTepmbl aacopOLnu TUOKCHAA CEPbl U aMMHaKa MOJTM(UIIMPOBAH-
HBIMH 00pa3iiaMyu MOHTMOPHJIJIOHUTA MTPeICcTaBleHbl Ha puc. 5.20, 5.21.

Panee B pa0ore [ 14] ObUI0 yCTaHOBIEHO, YTO aCOPOIHS MOJIEKYJI M-
OKCH/JIa Cepbl 1 aMMHaKa MPOTEKAET HE TOJIBKO Kak (PU3NUECKUH MpoLece,
HO U 0 XEMOCOPOIIMOHHOMY MEXaHU3My. AKTUBHBIMH LIEHTPAMU TIPH
ATOM SIBJISTFOTCSI MOAU(DHUIIUPYOIINE KOMIUIEKCHBIE KATHOHBI, KOTOPHIE B
3aBHCHMOCTH OT CBOEH MPUPOIBI MOTYT MPOSIBIATH O0Jiee BEIPAKEHHOE
CPOJICTBO K TOMY WJIM HHOMY a/icopOarTy.

Tax, MmonudupoBaHre MOHTMOPUIUIOHUTA MOJUKATHOHAMH aJTIO-
MUHUS U TETEPOSICPHBIMUA KOMIUIEKCAMH aTIOMUHUS-)Kee3a IPUBOIUT
K SIPKO BBIPAKEHHOMY CPOJCTBY K JHOKCH/IY CEPBI, YTO OTPAKAETCS B yBE-
JUYEHUU MOTIOTUTENBHON CIOCOOHOCTH JaHHBIX 00PAa3I0B MO CpaBHE-
HUIO C TIMHUCTBIMH o0OpasiamMu, 00pab0TaHHBIMU JIPYTUMHU MOAUUKA-
Topamu, B 1,2—4,5 paza (puc. 5.20).

Hcnonb3oBanue 1isi MOAU(PUIMPOBAHUS COETUHEHMI )Kelle3a CIo-
COOCTBYET MOBBIILIEHHUIO COPOIIMOHHON €MKOCTH 110 OTHOIIEHHUIO K aM-
Muaky (puc. 5.21).

1,5 SOz
Al
Fe-Al
= 1,0
= Fe
@]
=
=
N
0,5 <>Fe-Zr
Fe-Ni
0,0 1 J
0,2 0,4 0,6 0,8 1,0
P/ P

Puc. 5.20. M30Tepmbl agcopOLuu TUOKCHIa cepbl 0Opa3amu
MOJIU(UIIMPOBAHHOTO MOHTMOPHIOHUTA
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4 NH3 Fe
Fe-Zr
. 3
E FC-AI
g Fe-Ni
=
~ 2 Al

L 1 s 1 L 1 s | 1 1 1 1
0,0 0,2 0,4 0,6 0,8 1,0
P/ Ps

Puc. 5.21. U3oTepMmsbl agcopOmmm aMMuaka oopasinaMu
MOIUGUIIMPOBAHHOTO MOHTMOPHIUIOHUTA

CpaBHEHHUE MOTIOTUTENEHON CIIOCOOHOCTH 00PAa3IIOB IO OTHOIIIEHUIO
K MU3y4aeMbIM T'a3aM B 3aBUCUMOCTU OT MPHUPOJIbI MOAUPUIIMPYIOIIETO
areHTa Mo3BOJIIET NIOMECTUTh UX B CIEAYIOIINE PSIbIL:

NH3 — Al < Fe-Ni < Fe-Al < Fe-Zr < Fe;
SOz — Fe-Ni < Fe-Zr < Fe < Fe-Al < Al,
Ce¢Hs — Fe < Al <Fe-Zr < Fe-Al < Fe-Ni.

[TpoBeneHHbIE UCCIEAOBAHUS TTOKA3aJIM, YTO MAaTEPHAIIBI, TOJTyYCHHBIC
Ha OCHOBE MOHTMOPHJIJIOHUTA U TUJIPOKCOKOMIUIEKCOB MOJIMBAIEHTHBIX
metaioB Al, Fe-Ni, Fe-Al, Fe-Zr u Fe, o6n1agatot BeiIcOkuMuU aacopOIu-
OHHBIMH XapPaKTEPHUCTUKAMHU IO OTHOIICHUIO K U3yYEHHBIM ajcopdbaram.
Hcnons3oBanue 11 MOAUGUIIMPOBAHUS MOHTMOPHUJUIOHUTA THIPOKCO-
KaTMOHOB, 00pa30BaHHBIX MMOJIUBAJICHTHBIMH HOHAMH METAJIJIOB Pa3JINy-
HOM IIPUPO/IBI, TTO3BOJISET IOOUTHCS MOBBIIISHHOT'O CPOJICTBA K TOMY WJTH
HHOMY ajicopOaTy, 4To JieJIaeT MePCIEKTUBHBIM UX IPUMEHEHHE B ITPO-
1eccax copormum.
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5.9. CucrTeMa MOHTMOPHWU/UIOHUT —
ruaporcoromIuiekcol Fe-Ce, Fe-Y, Fe-La, Fe-In

Cronbuatble IIUHBI ABISIOTCS MaTepUalaMU C BBICOKON OPUCTON
CTPYKTYPOM, MOJIy4eHHOH pa3/ieJIeHUEM CIIOEB IIMHBI (PUKCUPYIOIIUMHU
areHramu. Vcroap30BaHUE B KAYECTBE TAKOBBIX HEOPTaHUYECKUX TU]Ipa-
TUPOBAHHBIX MOJMOKCOKOMILIEKCOB, KOTOPBIE MOCIIE MTPOKATUBAHUS IPE-
BpAIalOTCs B CTOJIOMKH OKCHIOB METaJljIa, 00€CIeYNBAET TEPMUYECKYIO
CTaOMJIBHOCTH IJIMH MPU COXPAHEHUH BBICOKOH yAEIbHON MOBEPXHOCTH.
PaBHOMepHOE pactipeiesieHue CTOIOMKOB MEKTY CI0SIMU TJIMHBI TPUBO-
JUT K 00pa30BaHUIO MUKPOIIOPUCTON CTPYKTYPbl, aHAJIOTHYHON LIEOJIUTAM,
a MPH UCTIOJIb30BaHUU (PUKCUPYIOIINX ar€HTOB OOJIBIINX pa3MEPOB MOKHO
HOJIY4UTh TIOPHI C pazMepamMu, OOJIbIINMH YeM y 1eouToB. KatanuzaTopsl
Ha OCHOBE TAKUX MaTEPUAJIOB MPEICTABIIIFOT HECOMHEHHBII MHTEPEC IS
penieHus psiaa 3a1ad He(TEXMMUH, B YaCTHOCTH B TUJIPOKPEKUHTE KPYTI-
HBIX MOJIEKYJI YTJIEBOJAOPOJOB, pa3Mepbl KOTOPBIX AENIAIOT UCTIOJIb30BAHUE
KaTaJlnM3aTOPOB Ha OCHOBE TPAIULIUOHHBIX LIEOJIUTOB HEI(DPEKTUBHBIM.

B kauecTBe (PUKCUPYIOMIMX ar€HTOB TPAJAULIMOHHO PUMEHSIIOT MO-
muruapokcokomiiekcsl (I1I'K) anomunus u Xxpoma, MOCKOJIbKY pa3pa-
OOTaHHBIE METOAMKHN CUHTE3a MO3BOJISIFOT oy4arh [1I'K moBonsHO KpyTI-
HBIX pa3MepOB, HUCIOJIb30BAHNE KOTOPHIX NPUBOJUT K 3HAUUTEIBHOMY
pacuMpeHuro ciaoeB riauHsl [ 1, 2]. OcoOblit HHTEpEC MPEeCTaBIISIIOT T'e-
teposiaepHbie [ II'K, mocKoJIbKy COBMECTHBIN TMAPOIN3 ABYX PA3IUUHBIX
10 MPUPOJI€ HOHOB METAJNIOB CIIOCOOEH MOBJIUSATH Ha COCTAB U Pa3MephbI
[II'K. Kpome TOro, co3gaHueM MyJbTUAIEMEHTHBIX CTOJIOMKOB MOYXHO
MOBBICUTh TEPMOCTAOMIIBHOCTh MOAM(PUIMPOBAHHON IIIMHBI [4].

Honbl xkene3a Mo aHaJIOMHU C AIFOMUHUEM M XPOMOM TaKXE CHO-
coOHBI 00pa30BBIBATH KPYMHBIE OJIUKATHOHBL. HecMOTps Ha TO, UTO OK-
CHUJIBI JK€JIe3a LIMPOKO UCIOJIb3YIOTCS B KAUECTBE KAaTaIN3aTOPOB B PsIE
KAaTAUIUTUYECKUX MPOLIECCOB, UCCIECIOBAHUS MO CUHTE3y U CBOMCTBaM
CJIOMCTBIX allfOMOCUINKaTOB, MoaudunupoBanubix [1T'K sxenesa, 3aciy-
YKUBAIOT OOJIbILIETO BHUMAHUS.

Hapsiay ¢ BbIlIEN37105KE€HHBIM U3BECTHO, YTO JO0ABKH PEJIKO3EMEIIb-
HBIX METAJIJIOB UCIIOJIB3YIOTCS KaK IPOMOTOPBI U KOMIIOHEHTBI CJI0KHBIX
KaTaJM3aTOPOB B PEAKUMSIX JAETUIPUPOBAHUS U JAETUAPOLUKIN3ALUN U
CHOCOOHBI BIIUATh HA KWHETUKY BOCCTAHOBIIEHHUS CaMOT0 JKeJe3a.

B nannoM paznene usydeHsl aficOpOLUOHHO-CTPYKTYPHBIE CBOICTBA
U TEpMHUYECKasi yCTOMYMBOCTh MOHTMOPHIIJIOHUTA, (PUKCUPOBAHHOTO T10-
JUTUAPOKCOKOMITIIEKCAMU KEJE3a U PALla PEAKO3EMETBHBIX METAJIOB.
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CornacHo JTUTEepaTypHBIM JaHHBIM [3], paCTBOPEHUE COJIEH Keme3a
Fe (III) compoBoxkaaeTcs Ha HAYAJIBHOW CTAIMH THAPOJIM30M ¢ 00pa3oBa-
aueM yactul Fe(OH)?", Fe(OH),", Fe2(OH)**, Fe3(OH)4>". ITpu mocneny-
IOIIEM THIPOJIn3e POPMUPYIOTCS AUCKPETHBIE CheprudecKre MoJIKaTH-
OHBI, KOTOPBIE, B CBOIO OUEPE/Ib, CTIOCOOHBI arpeTUPOBATHCS B IIETIOUCYHBIC
CTPYKTYpBI, cocTosiime u3 2—6 nommkarnoHoB. Coctas [1I'K 3aBucut ot pH
Cpe/lbl U MIOHHOM CUJTBI paCTBOPA U SIBJISIETCSI OHUM U3 (PaKTOPOB, OMpe/ie-
JISFOIMM U3MEHEHUE BETMYUHBI Sy, B IIPOIIECCe MPOKAIMBAHUS 00pa3Ia.
Tax, rIMHBL, MHTEPKATUPOBaHHbIE nonukaTnonamu tumna (FeOs3(OH)4 "),
COXPaHSIOT yAEJIbHYI0 TOBEPXHOCTH Nocie npokanuBanus mpu 550°C [5].

U3BecTHO, uTO ¢ yBenuuenueM cootHomenus OH™ / Me** Bo3pacraer
He Tosbko pasmep [II'K, Ho u ero kKoauM4ecTBO B cocTaBe MOIUDHUIIPO-
BAaHHOTO MOHTMOpPWLIOHUTA. [I0ATOMY nepBOHAYaIbHO MbI CTAaBUIIM 3a-
nagy nosyuuts nonauruapokcokomiuiekchl (I1I'K) metamnos Ce, La, Y,
In ipu cootnomennn OH™ / Me*" = 2 — MakcMMaIbHO JOCTHXKUMBIM IS
Fe [18]. Onnako, Kak mmoka3any pe3yiabTaTbhl SKCIIEPUMEHTA, MOJYYUTh
paccMaTpuBaeMble METAJUIbI TAKOTO COCTaBa 3aTPYAHUTEIHLHO, TOCKOJIBKY
Y u La HaunHarOT BhIMaaTh B BUJIE THIpOKcHaa yxke mpu OH ™/ Me* =0,1,
Ce — npu 0,4, In — pu 0,65. TTo-BugumMoMy, 0OBSICHIETCS 3TO TEM, UTO
karuonsl Ce**, La*", Y**, In** cunpao rugponusyrores B kucoii obnactu
u yxe rpu pH 2,5-3,0 B pactBope npeobnanaror I1TK ctpoenns Me(OH)*".
C noBbltieHueM pH npoucxoauT ykpynHeHue yactuil. Tak, THapoIii3 uH-
JIUs, B YaCTHOCTH, XapaKTepu3yeTcsi 00pa30BaHUEM MOJIMMEPHBIX KOM-
mwiekcoB cocrasa [In(OH):In],"*. Tuapokcuabl paccMaTpUBAaEMBIX Me-
TaJNIOB 00pa3yloTCs MpU TOBOJILHO BBHICOKMX 3HaYeHUsX pH.

B ta6n. 5.12 npencraBnensl 1aHHble 0 U3MeHeHUIo pH pacTBopoB
TUAPOKCOKOMILIEKCOB B 3aBUCUMOCTH OT COOTHOILICHUS] METAJIIIOB-KOM-
iekcooOpasoBareneit Fe / Me.

ITpu usmenenuu copepxkanus Fe’™ u Me** B pactBope mporekaror
JBa BCTpeuHbIX nporecca. C ogHoi ctopoHsl, nodasnenue 0,2 M pac-
TBOpa xyopuiaa xenesa (III) B konnuectse 10 moit. % K SKBUBaJIEHTHBIM
pacTBOpaM COJIel METANIOB MPUBOJIUT K CHUKEHUIO COOTBETCTBYIOIIUX
uM 3HaueHuit pH ot 5,7-4,7 no 2,5-2,7 (tabn. 5.12). JlansHeiiiiee yBe-
audeHue cooTHomeHus: Fe / Me npuBOIUT K MOCTENIEHHOMY CHUYKEHUIO
pH no 3nauenus 2,1, xapakrepHoro mig uHauBuayainsHoro 0,2 M pac-
tBOpa xsopuaa Fe**. C npyroii — npucyTCTBHE OTHOCUTENLHO HEOOIBIIHIX
KOJIMYECTB MOHOB Me>" (110 20 M011.%) B pacTBOPE COJIHM JKejle3a IPUBO-
IuT K pocty pH 1, ciienoBartenbHO, YBEIIMUEHHUIO CTETIEHU TOJIMMEPHU3a-
UM ¥ TUIPOJIN3a MOHOB kKeJe3a [3]. ITogkucienue pacTBOPOB METAIIOB,
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Ha0JII0/JTaeMoe B IEPBOM cllydae, Mo-BUAMMOMY, 00YCIIOBIIEHO 00pa3oBa-
HHUEM MOCTHKOBBIX CBsi3el ¢ yuactreM OH -rpyrmin Mex 1y pa3audHbIMU
MeTaJlJIaMU-KOMIUIEKcooOpa3oBarensamu [3].

Tabnuua 5.12
3nauyenne pH 0,2 M uHIMBHUAYAIBHBIX PACTBOPOB
cyabparos Fe3', Ce™, La’*", Y3*, In** u cMemanubIx pacreopos
NpH pa3aiu4HoM cooTHomeHun Fe / Me

pH pacTBOpOB NpH pa3TMIHOM COOTHOIIICHUN
MeTaibl pH KaTHOHOB MeTamioB Fe / Me, moa. %
10/90 | 25/75 50/50 | 75/25 90/10
Ce 5,7 2,5 2,3 2,1 2,1 2,1
In 2,6 2,5 2,4 2.3 2,2 2,1
Y 4.8 2,7 2,6 2,5 2,3 2,2
La 4,7 2,7 2,5 2.3 2,2 2,1
Fe 2,1 — — — — —

Ha puc. 5.22 nmoka3zaHa 3aBUCHIMOCTb OCHOBHOCTH THIPOKCOKOMITICK-
coB OH™/ (Fe*" +Me*") oT cooTHOLIEHHS METAJLIOB KOMILIEKCOO0pa30Ba-
Tenel B ucxoanbix pactBopax: Fe/In (1), Fe/Ce (2), Fe/La (3),Fe/Y (4).

[OH]/ [Fe*" + Me**]

Fe’* MOJTb. % Me?*

Puc. 5.22. 3aBUCUMOCTE OCHOBHOCTH
rugpokcokommiekcos OH™ / (Fe* + Me*") or cootHomenus
METaJIOB KOMILJIEKCOOOpa3oBaTeneil B HICXOIHBIX PacTBOPAX:
I—-Fe/In;2—-Fe/Ce;3—-Fe/La;4—-Fe/Y

Bbosnee HU3KHE MO CPaBHEHUIO ¢ UCXOHBIMM 3HaueHusI pH pacTBo-
POB METAJIOB ¢ J00aBkamMu Fe’" m0o3BOJISIOT MOMy9aTh CUCTEMEI C BbI-
cokumu cootHomenusmu OH™ / Me**, ocobenno minst Ce uIn — 1,2 u
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1,3 coorBercTBeHHO (npu conepxanuu Fe** 25 mon. %). [lonydenne
(GUKCUPYIONIUX areHTOB, COJEpX aluX In cO CTENneHbl0 OCHOBHOCTHU
pPaBHOM 2, CTAHOBUTCSA BO3MOXKHBIM YK€ TIpU cooTHouieHuu Fe / In =
=50/ 50 mon. %, 4TO CBA3aHO ¢ OJU30CTHIO MHAMS U JKelie3a M0 KpH-
CTAJJIOXUMHUYECKUM U XUMUYECKUM cBoucTBaM. st cuctemsl Fe—Ce
KOMILIEKC ¢ cooTHoenrneM OH™ / Me*" = 2 MoxkeT OBITh HOJIyYeH IpH
COJIep>KaHMHM KeJie3a He MmeHee 75 Mo, %, a nyist cuctem Fe—Y u Fe—La —
TOJbKO 1pu 90 mom. %.

Ha puc 5.23 npencrapieHa 3aBUCUMOCTb NIEPBOT0 0a3aJIbHOTO OT-
paxkeHust (doo1) 00pa3OB MOHTMOPHILITIOHUTA, ukcrpoBanHoro [1T'K me-
TaJIOB OT pa3inuuHoro cootHomenus: Fe / Me. OOpaiiaet Ha ceOst BHU-
MaHHe TOT (haKT, YTO B JAHHOM CJTy4ae KOJIMYECTBO IIEJI0YHN HE SIBIISICTCS
onpezaensitonuM (axktopom aiia noiayuenus kpynubix [ITK. TIpusenen-
HbI€ JJAHHBIE CBUJIETEIBCTBYIOT O TOM, YTO JJisi 00pa3lioB MOHTMOPHJI-
nonuta, MmoguduimpoBanubix [II'K Y, In, La, mapamerp dooi paBen 1,77,
1,73, 1,71 HM COOTBETCTBEHHO, YTO HECKOJIBKO OOJIbIIIE 3HAUEHUH dooi
st oopasioB Fe-OM (1,65 um) u Ce-®M (1,63 um). Beenenue Fe B
cocrtaB [II'K meTanna B konuuectse 10-25 mon. % npuBOIUT K yMEHbIIIE-
HUIO BeTWYUHBI doo1 Ha 0,05—0,06 am mu1s o6pasioB Fe-Y, Fe-In, Fe-La
u K yBesmmuenuto Ha 0,14 am mia Fe-Ce.

1,8

_ 1,7
~
1,6
1’5 l 1 1 ! l 1 1 1 l ! |
0 20 40 60 80 100
Me* Mot % Fe’*

Puc. 5.23. 3meHenue nepBoro 6a3aibHOTO oTpaskeHus (dooi, HM) 00pa3ioB
MOHTMOPHUTOHUTA, MOAH(DHUIIMPOBAHHBIX THIPOKCOKOMIUIEKcaMu Fe-Me,
B 3aBUCUMOCTH OT COJICPYKaHHS METAJUIOB B COCTaBE T'MIPOKCOKOMILICKCA:

1 — nns Fe-Ce; 2 — Fe-Y; 3 — Fe-In; 4 — Fe-La (4).
Temnepartypa TepmooO6padoTku 00pasmnos 120°C
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HansHenmme n3menenns B cocrase [1I'K, HarrpaBieHHbIE B CTOPOHY
YBEJIMUYEHUS CONEPKAHMS Kele3a 10 75 Mo. % ¥ yMEHBIICHHUsI COJIEpKa-
Hue Y, In, La, 1o 25 moi1. %, He MPUHOCAT KaKUX-TUOO CYIIECTBEHHBIX
U3MEHEHUH B 3Ha4eHUsI doo1 MOAU(PUIIMPOBAHHBIX UMHU 00PA31[0B MOHT-
MopmuionuTa. Mckmouenue coctapiset oopaszen Fe-La. Ha kpuroii 3a-
BUCHUMOCTH TapameTpa dooi 0T coctaBa Fe-La runpokcokomriekca Ha-
OJr0/1aeTCS OTYETIIMBBIA MUHUMYM JIJISI CUCTEM, COACPIKAITUX METAILIBI
B cooTHouieHuu 1 / 1. AnanoruyHasi 3aBUCUMOCTb doo1 OT coctaBa [1I'K
onucana B padore [10] 115 CIOUCTBIX aTFOMOCHIMKATOB, (PUKCUPOBAH-
HBIX CUCTEMaMHU THAPOKCOoKoMIuIeKkcoB Fe-Al. [lo MHEHUIO aBTOPOB, TTpU
yKa3aHHBIX BBIIIE YCIOBUSIX MTPOUCXOIUT 0Opa3oBaHKe HauboJee yCTOM-
YHBOIO FETEPOSIAEPHOTO TUAPOKCOKOMITIIEKCA, UMEIOIIETO CTPYKTYPY THIIA

P OH - 4+
(H20)4Fe Al(H20)4
Son

O06pa3zoBaHMe TaKOTO T'HIPOKCOKOMILIIEKCA COTTPOBOXKIAETCS HE TOJb-
KO JIOBOJILHO 3aMETHBIM CHUKeHHEM pH, 00ycIoBIeHHBIM 00pa3oBaHUEM
OJIOBBIX CBSI3€H MEXY pa3INYHBIMHU METANIAMHU-KOMIUIIEKCO00Opa3oBa-
TEJSIMU, HO U JIEJAeT NPAKTUYECKU HEBO3MOXKHBIM JalbHEUIITYIO TOJIU-
MEpHU3aLNI0 KOMIUIEKCA U3-3a TPYAHOCTEN C OpUeHTAIMEN MOHOSIEPHBIX
(GbparMeHTOB MO OTHOIICHUIO K IIEHTPaM MOJIUMEpHU3aIUU.

AHaJIOTUYHO, MPUCYTCTBHE MHOTO3aAPAAHBIX KaTHOHOB La’" npemst-
ctByer npoueccy nomumepusanun IIIK Th3*. BeposTHO, UMEHHO 110 3TOMH
MPUYMHE U B HAIlIEM clly4yae 00pa3iibl MOHTMOPUIUIOHUTA, PUKCUPOBAH-
Hble cmemanHbiMu [II'K Fe u La, xapakTtepu3yroTcss HAMMEHBILINUM Pa3-
JIBHKEHHEM CIIOEB — 3HaYeHue doo1 cocTasisier 1,58 uM. Jlobasnenue In®*,
Y?, Ce** k pactBopy Fe** mpuBoaurt k yBenuuenuro napamerpa door MOJIH-
burmpoBanHbix cMeranabiMu [IT'K 06pasiios ot 1,65 1o 1,66, 1,74, 1,78 M.

N3oTepmbl agcopOium OeH3osia MOAUGUIIMPOBAHHBIX 00pPa3IoB
MOHTMOPHWJUTOHUTA UMEIOT S-00pa3Hbiii Bu (Turt H4 o knaccudukarmm
HIOITAK) [11] ¢ xopou1o BeIpa’k€HHOW METIEH TUCTEPE3UCA, HAUNHALO-
Ieics BOMM3U OTHOCUTENIbHBIX AaBieHusx 0,2—0,3. Beicokue 3HaueHus
BEJTMYHMH COPOIMHU B 00JACTH MaJIbIX OTHOCUTENBHBIX JABICHHUHN yKa3bl-
BAIOT Ha HAJIMYKE B UX CTPYKTYpPE 3HAUUTEIIBHOTO KOJIMYECTBA MUKPO-
nop. B To e BpeMs OTUETIMBBIN TUCTEPE3UC XapaKTEPEH I COpOeH-
TOB C MepexoiHOM nopuctocThio. [lpu P/ Py, 6nu3kux k 1, Habmomaercs
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pe3Kuil moabeM COpOLIMOHHOM KPUBOH, YTO YKa3bIBAET HA HAJTMYHUE B 00-
paslax KpynHbIx nop paguycom 6osaee 20 HM. Takum 06pa3oM, 00pa3Libl
MOJU(ULHPOBAHHOIO MOHTMOPHIJIOHUTA OTHOCSITCSI K COPOEHTaM C He-
OJHOPOJHOW MOPUCTOU CTPYKTYPOH.

W3MeHeHus yAenbHOM MOBEPXHOCTH OOpa3loB B 3aBUCUMOCTH OT
YCIIOBUH MOJXYYEHHs] U TEPMOOOPATKHU MPECTABIEHbI HA pHC. 5.24.

0 20 40 60 80 100

Moia. %

0 20 40 60 80 100
Me?** Mot % Fe3*

o

Puc. 5.24. 3aBHCHMOCTb y/IebHOI TTOBEPXHOCTH (Syx, M>/T) 06pa3IoB
MOHTMOPHUTOHUTA, MOAU(DUIIMPOBAHHBIX THAPOKCOKOMIUIeKcamu Fe / Me,
OT COJICpKaHUSI METAJNIOB B COCTaBE THAPOKCOKOMILIEKCA
st In (1), Ce (2), La (3), Y (4).

Temmnepatypa TepmooopadoTku 0opasnos 120 (a) u 550°C (6)

3aBHCUMOCTHY 3HAYEHUH Sy; MOAUDUITTPOBAHHBIX 00PA3IIOB OT COCTA-
Ba [II'K, mpuBenenusie Ha puc. 5.24, 61u3ku apyr k Apyry. [locne npoka-
muBanus ipu 550°C kpussle 11t Fe-Me (Me-Ce, Y, In) npu conepxanuu
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Fe ot 10 1o 100 mou. % nipaktruecku coBmnaaaot. CiaeaoBaTenbHO, Be-
auduHa Sy, HE 3aBUCHUT OT cocTaBa Fe-Me B unTepBaine coaepxanus Fe
oT 50 7o 100 mon. % u nuib npu yMeHblIeHUU cojaepxanus Fe 1o 10
u 25 mon. % Sy, camxaercs ot 120 no 110 u 115 M%/T COOTBETCTBEHHO.
OOparmaeT Ha ceOs BHUMaHUE TOT (DAKT, YTO MOBBIIIICHUE TEMIIEPATYPHI
npokanuBanus ot 120 1o 550°C cumxkaer Sy, Fe-Me ot 180 mo 120 m*/r,
B TO BpeMms Kak Sy, Fe-Me (Me = In, Ce, La) He U3BMEHSAETCS U COCTABJISET
100, 85, 75 M*/T COOTBETCTBEHHO.

[TpuBeneHHBIE 3aBUCUMOCTH Syx U doo1 0T coctasa III'K no3sosstor
IIPEANOJIOKUTD, YTO IPHU ycinoBuu coaepkanus Fe ot 100 xo 50 mon. %
(UKCUpYIOIIHE areHThI OJIM3KU 0 pa3MepaM roMOosJIEPHBIM KOMITJIEKCaM
Kese3a, MOJIYYSeHHBIM B CXO0XKHX YCIoBUsIX. OOpa3iibl MOHTMOPWILIOHUTA,
MOM(UIIMPOBAHHEIE TETEPOSIEPHBIMH I'HAPOKCOKOoMILIeKcamu Fe*-Me™",
B IIpo1iecce TepMooOpaboTku B nHTepBasie Temmeparyp 120-550°C umerot
JIOCTaTOYHO BBICOKHME 3HAUYCHUS Sy; IIPH COJICPKAHUHU B COCTABE KOMITJIEK-
ca 40% HOHOB Xkene3a.

[TonyueHHble HA OCHOBE MOHTMOPUJIJIOHUTA U TETEPOSIACPHBIX TH/I-
POKCOKOMILIIEKCOB eJje3a U psia peako3deMenbHbix MetamuioB Ce, La,
Y, In 06mamar0T BHICOKUMH aICOPOITMOHHBIMU XapaKTEPUCTUKAMHU H
TEPMOCTA0UIBLHOCTBIO, YTO JIETIAET MEPCIEKTUBHBIM UX UCIOJIH30BAHUE
B KQUECTBE COPOEHTOB, KAaTAIM3aTOPOB U HOCUTEJICH aKTUBHBIX KaTalu-
TUYECKUX (a3.

YcraHoBII€HO, YTO MOJIU(PUITMPOBAHNE MOHTMOPUIJIOHUTA TOMO- U
reTepOosIEPHBIX THAPOKCOKOMIUICKCOB KeJie3a MPUBOIUT K MOBBIILICHUIO
a7ICOPOITMOHHBIX XapaKTEPUCTUK U TEPMOCTAOUIBHOCTH, a 3TO JIeJIaeT
MEPCIIEKTUBHBIM UX HCIIOJIh30BaHUE B KaUeCTBE COPOCHTOB, KaTajin3a-
TOPOB M HOCUTEJICH aKTUBHBIX KaTaJTUTUYECKUX ¢a3.
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I'JTABA 6
VICCJIEJOBAHUE CBOMCTB KATAJTIM3ATOPOB
HA OCHOBE CJIIONCTO-CTOJIBYATBIX
MOHTMOPUJIJIOHHUTOB
Y1 BbICOKOKPEMHE3EMHBIX ITEOJINTOB

Co==o9

B nocnennee Bpems BO3POAMIICA UHTEPEC K INIMHAM KaK KaTalau3a-
TOpPaM Pa3JIMYHbIX IIPOLIECCOB, OCYIIECTBIAEMBIX B IPUCYTCTBUU CIIOU-
CTBIX CHJIMKATOB.

I'iHBL, JEACTBYIONIME B OCHOBHOM KaK KHCJIOTHBIE KATAIU3aTOPBI,
UHUIMUPYIOT pa3HOOOpa3HbIe PEAKIMH YTIEBOAOPOIOB, TaKUE KaK Kpe-
KHHT, B-3JJUMUHUPOBAHUE, CIIBUT METUIILHOM IPYMIIBI U JP.

Pa3paboTka HOBBIX METO0B MOJIM(DULIMPOBAHUS TJIUH ITyTEM BBEJIE-
HUS B MUX MEXKCIIOMHOE ITPOCTPAHCTBO IOJIATUIPOKCOKOMILIEKCOB MHOTOBA-
JIEHTHBIX METAJUIOB OTKPbHLUIA HOBBIE BO3MOKHOCTH CO3/JaHUS KaTaJIN3aTO-
POB IIPEBPAILEHUS BBICOKOMOJIEKYJISIPHBIX COEIMHEHUI ¢ KHHETHYECKUM
nuameTpoM > 0,9 HM, KOTOpbIE€ NPHUCYTCTBYIOT B TSKEIBIX HEDTIHBIX
dpaxusax. BonbIIMHCTBO U3 3TUX peakUil HE U3YYEHBI B IPUCYTCTBUU
JOPYTUX aTIOMOCHIIMKATOB, BKIIOYAs LIEOJIUTHI.

6.1. [leonmuTCcomepsKaliye KaTaIn3aTopPhbl
AUTKUWINPOBaHUA Ha ocHOBe HIIBM 1 MOHTMOPW/UIOHUTA
CO CJIOMCTO-CTOI0YATOM CTPYKTYPOU

OpaHMM U3 OCHOBHBIX TPEOOBAHUMN, TPEABSABISAEMBIX K TOPUCTHIM Ma-
TepUajgaM, UCIOJIb3YEMBIM B KaTAIUTHYECKUX MPOLECCAX, SBIAETCS UX
BBICOKAsi aKTUBHOCTB U CEJIEKTUBHOCTD I10 OTHOLIEHHUIO K IIPOyKTaM pe-
akuuil. Hanbonee n3BeCTHBIMU MOJIEKYJISIPHO-CEJIEKTUBHBIMU KaTaJln3a-
TOPaMHU SIBJISIFOTCS LIEOJIUTHI, B KOTOPBIX Pa3Mep MOP MPEBBIILIAET pazMep
MHOT'MX IPOCTBIX OPraHUYECKUX MOJIEKYI. [ [pumepamu kKaTaIuTHIECKUX
IPOLIECCOB, OCYIIECTBIIIEMBIX Ha LIEOJIUTAX, MOTYT CIIYKUTh cesiekTadop-
MUHT, JienapaduHu3anus, U30Mepu3alns KCUI0JI0B, TUCIPONIOPIUOHU-
POBaHME TOJIYO0JIa U KOHBEPCHS METaHOJIa B O€H30J1, AIKUIMPOBAHUE U JIP.
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OnHako crepudeckre PakTopbl B 3HAUMUTEIILHOM MepEe OTPAHUYHBAIOT BO3-
MO>KHOCTU KPUCTAJUIMYECKUX LIEOJUTHBIX CTPYKTYP.

YcrpaHeHne yKa3aHHOTO HEIOCTaTKa IIEOIUTHBIX MaTepUaIOB ObLIIO
OCYIIECTBJICHO ITyTE€M CHHTE3a HOBOT'O KJIacca IIE0JIUTONOI00HBIX CTPYKTYP
Ha OCHOBE MPUPOJHBIX ATTFOMOCUIMKATOB CJIOUCTON CTPYKTYPBI, pa3/iBH-
KEHUS U (PUKCUPOBAHUS CJIOEB INTMHUCTOIO MUHEPala HEOPraHU4eCKUMHU
Mo u(pukaTopamu. B kauecTBe MOCIEAHUX NUCIOIB30BATUCH MOJTUTHIPOK-
COCOEJIMHEHUS PA3INYHbIX METAILJIOB.

[Tosy4yeHHbIE TTIUHBI CO CIIOUCTO-CTOJI0YATON CTPYKTYPOM UMEIOT BbI-
COKHE 3HAYECHHS TEPMOCTAOUIILHOCTH, yI€TIbHOM MOBEPXHOCTU U pa3Me-
POB KaHAJIOB, 00pa3yeMbIX CIOSMU INIMHUCTBIX MAaTEPUAIIOB, 3HAYUTEITHHO
MPEBBIILIAIOIINX PA3MEPBI IOP LIEOJUTOB, YTO MOBBIIIAET JOCTYITHOCTD aK-
TUBHBIX [IECHTPOB BHYTPEHHEN MOBEPXHOCTH aTFOMOCHIIMKATOB 17151 0OJIb-
IIMX OPraHNYeCcKuX MoJieKyJl. Kak mokazano B padote [ 1], oHE MOTYT OBITH
MCIOJIb30BaHbI KaK KaTAJIM3aTOPhI B HEKOTOPBIX OPIraHUYECKHUX PEAKIIUSX,
YTO C yCIIEXOM IIPUMEHAETCS Ha npakTuke. OaHaKo, Ha Halll B3TJIs1/1, Hau-
0o0Jiee NEepPCHEKTUBHBIM SIBIISIETCS] UCIIOJIB30BAHNE YKa3aHHBIX MaTepHa-
JIOB KaK HEOPraHMYECKUX MATPHIL B COUETAHUH C Pa3TMYHBIMU LEOIUTAMHU.

HccnenoBanus nokasaiu, YTO HauOOJIee MepCeKTUBHBIMU KaTallu-
3aTOpaMHU napa-CeeKTUBHOTO CUHTE3A alIKMIIAPOMATHUYECKUX COEANHE-
HUM SBJISFOTCS BBICOKOKpEMHE3eMHbIe 11eonuThl Tuna HIIBM u neonur-
conepxarntue katanuzaropsl (LICK), momyueHnHbie Ha ux ocHOBe [2, 3, 4].
Tak, HanpuMep, B peaKIuu aJKHUINPOBAHUS TOJIY0JIa STHIICHOM J1I0CTHTa-
€TCs CEJIEKTUBHOCTD T10 apa-3TUWITOITYOIy 110 95 mac. % npu noiIHOM OT-
CYTCTBHH B IPOAYKTAX Opmo-u30Mepa [S]. Y CTaHOBIIEHO, YTO ITOIABJICHUE
NOOOYHBIX peaklMil B Mpolecce alKUIMPOBAHUS TOJIYO0JIa STUICHOM —
n30Mepu3aIum, (parMeHTalru, JUCTIPOIIOPIIMOHUPOBAHUS M OJIUTOMEPH-
3allUU — CBSI3aHO KAK C CEJIEKTUBHBIM OTPABJICHUEM CHIIBHBIX KHCIOTHBIX
LEHTPOB BHYTPHU KaHAJIOB LIEOJIUTA U HA BHEUTHEH MOBEPXHOCTH, TaK U C
YMEHBLIEHUEM MOP LIEOIUTA U MATPULIBI IO PA3MEPOB, OTPAHUUUBAIOIIINX
o0Opa3oBaHUE MEPEXOAHBIX KOMITJIEKCOB BHYTpH HUX [0, 7]. B pesynbrare
3TOTO PE3KO BO3PACTAET POJIb KOH(PUIYyPALIMOHHON CEIEKTUBHOCTH, TaK
KaK 00pa30BaHUE napa-3TUIITONIY0JIa OOBIYHO KOHTPOJIUPYETCS] KOHIICH-
Tpauuel KUCIOTHBIX LIEHTPOB ONPEIEIECHHON MPUPOABI U CHIIBI, pac-
MOJIOKEHHBIX BHYTPU KAHAJIOB 1I€0JIUTA U IOP HOCUTENS. SICHO, YTO 11
JTOCTUXKEeHUS TnipeneabHol napa-cenektuBHocTH [ICK HEeoOxoammo mo-
BBICUTh U30UPATEIbHOCTD J1I€3aKTUBAIIUU CHIIBHBIX KUCIOTHBIX IIEHTPOB
IIPU OAHOBPEMEHHOM COXPAHEHUH BHYTPUIIOPUCTOIO ITPOCTPAHCTBA KATa-
au3zatopa. [lepBoe qocturaercs neneHanpaBiIeHHbBIM MOAU(PUIIMPOBAHUEM
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[CK pa3znuynbiMu KaTHOHaMU U (hochopoM [2, 5], BTopoe — ImyTeM noJ-
00opa COOTBETCTBYIONLIEH MaTpHUIIbl, 00J1a/1al0IIEH ONTUMATBHBIM pa3Me-
pOM Top U copOLIMOHHOM eMKOCThI0. B padote [8] mokazaHo, uyTo KaTa-
JN3aTOPbl, MOAU(DUIIMPOBAHHBIE XJIOPUCTHIM JTUTUEM U COAEpIKAIIUE B
KaueCTBE MATPUIIbl OKCUJbI ATIOMUHUS U [IUPKOHUS, XapaKTEPUIYIOTCS
BBICOKOH 1apa-CeIeKTUBHOCTBIO U HU3KUM KOKCOOOpa30BaHUEM.

B uctounuke [9] orMedaeTcs BO3MOXHOCTh UCIIOJIB30BaHUS TJIMH
CO CJIOMCTO-CTOJIOUATON CTPYKTYPOM KaK B KaueCTBE CAMOCTOSTEIbHBIX
KOHTaKTOB, Tak U B Buae Marpulbl B LICK. BHenpenue onuroMepHbix
KAaTHOHOB (JIIOMHUHHM, K€J1€30, HIUPKOHUH U JIp.) B CIIOMCTHIE MUHEPAJIBI
M03BOJIsAET 3aUKCHPOBATh CJIOM IJIMHBI Ha paccTosHuAX 15-20 A, uTo
CHOCOOCTBYET MOBBIIICHUIO UX COPOIIMOHHONM €eMKOCTH ¥ TEPMOCTAOMITb-
HOCTU. Takue CTPyKTypHO-1e(pOpMUPOBAHHBIE ATIOMOCHIUKATHI MOTYT
OBITh MCIIOJIb30BaHbI, HA HALI B3IJISII, B KAYECTBE MaTPHULIbI P CUHTE3E
LEOIUTCOACPIKAIINX KaTATM3aTOPOB, UCIOIb3YEMbIX B KOH(DUTYPaTMOHHO-
CEJICKTUBHBIX PEAKIHUAX, TAKUX KaK AJIKWIIMPOBAHUE, N30MEpU3aIus U JIp.

Hacrosmumii pazzien MocBsIIEeH CUHTE3Y BBICOKOCEJIEKTUBHBIX KaTa-
JIM3aTOPOB ATKWIMPOBAHUS TOJIYOJIa 3TUIIEHOM Ha OCHOBe 1ieosita HIIBM
¥ MOHTMOPHWJJIOHUTA CO CIIOUCTO-CTOIOYATOM CTPYKTYPOM, MOAU(DUIIH-
poBaHHBIX O0poM U hochopom.

JUia mony4yeHust Kataau3aTopoB ObUIH B3sTHI eosuT HIIBM ¢ Mouib-
HbIM oTHOIIeHHueM S10, / Al,Os, paBHbiM 42,3, moyueHHbI u3 NHa-dop-
MBI npokanuBanueM npu 550°C, a Takke MOHTMOPHWILIOHUTOBAS TJIMHA
ACKaHCKOT0 MECTOPOXK/ICHUS C (PUKCUPOBAHHOU CTPYKTYPOl B BECOBOM
COOTHOIIIGHUH 1eosuT / riuHa, pasaoM 30 / 70, 50 / 50, 70 / 30.

MouduimpoBaHnye rIMHbI OCYIIECTBIISUIN TyTEM YaCTUYHOTO 3aMe-
HIEHUS] OOMEHHBIX KATUOHOB Ha MOJUTHIPOKCOKOMIUIEKCHI aTFOMUHHUS B
konuuectse 15 Mr-skB Al Ha rpamm riussl [9]. KaTanuzatopsl noayyanu
IyTEM TIIATEJIbHOTO niepeMerrBanus nopouika HIIBM ¢ paccuntanHbiM
KOJIMYECTBOM CIIOUCTO-CTOI0YATOr0O MOHTMOPHILIOHUTA. 3aTEM CMECH
dbopmoBau, Cyluiau Ha Bo3ayxe, B cymiabHoM 1ikady (120°C) u, Ha-
KoHetl, mpokanuBayim ipu 550°C B Teuenue 4 4. [loaydeHHbIE TAKUM 00-
pa3om oOpasitsl Moguduimposanu 2,0-3,8 mac. % 6opa myTeM MPONUTKH
[HCK KOHIIEHTPHPOBAHHBIM PACTBOPOM OOPHOI KMCIIOTHI C MOCIEAYIO-
IIMM MX BBICYIIMBAaHUEM U IpoKaduBaHueM. 3atem oOpabdotkoit [ICK
pactBopom NH4H>PO4 B 06pa3ust BBogmu 6,0-6,8 mac. % docdopa u
BHOBB IpokaymBanu 1pu 550°C 4 4. CocTaB NOJyYEHHBIX KaTaJIn3aTo-
POB, UX aJICOPOLMOHHBIE U CIIEKTPAIbHbIE XapaKTEPUCTUKH YKa3aHbI B
Tabm. 6.1.
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Tabmn. 6.1

PU3NKO-XUMHYECKHE XaPAKTEPUCTHKH CHHTE3HPOBAHHBIX KAaTAJIU3ATOPOB

Karanuzatop

AncopOIIMOHHBIC
XapaKTCpI/ICTI/IKI/I

CnekrpalbHbie
xapakrepuctuku (1K)

Vs,
oeM/T

Syﬂa
M2/T

VMI/IK,
cM/T

Fep,

A

Dsss /
Daes

Ancop6uus Py 473 K

Py,
MMOJIB/T

Db1449/
Dll450

CO,

MMOJIB/T|

Xapakrepu-
CTUYECKas
SHEPrus
azicopOoIum,
kJI>x/ MoTB

Na-MoHTMOpUII-
JJIOHUT

0,089

65

27

0,878

Al-MmoHTMOpPMII-
JOHHUT, 15 w™rT-
5kB A"/ T rimHBI

0,116

111

0,054

21

0,937

0,250

0,134

0,705

0,121

HIIBM
(n=423)

0,124

200

0,095

12

0,653

0,597

2,14

3,19

0,194

70% HIIBM -
30% Al-moHTMO-
PULTOHHT

0,132

199

0,094

13

0,184

50% HIIBM -
50% Al-moHTMO-
PULTOHHAT

0,128

168

0,065

15

0,738

0,145

30% HIIBM -
70% Al-moHTMO-
PULTOHHAT

0,126

145

0,065

17

0,135

70% HIIBM -
30% Al-mMoHTMO-
pwuionut +2,3 B+
+62P

0,113

2,03

50% HIIBM -
50% Al-moHTMO-
pwuionut +2,0 B+
+60P

0,064

88

0,032

14

0,567

0,107

30% HIIBM -
70% Al-MmOHTMO-
pwuionnt+23 B+
+ 6,8P

0,115

KucnoTtHbie cBolicTBa onpeaensau B BbicokoBakyymMHon MK-ycra-
HOBKE C OJIHOBPEMEHHOM perucTpaiueil CIeKTpoB U BEJIMYHUH aJcopo-

UM TUpuadHa o metoauke [10].

Karanutudeckue cBoicTBa O6p33HOB B pCaKINU AJIKUIIUPOBAHUA
TOJIyOJia 3THJIICHOM OIIPCACIIAIN B YCTAHOBKC IIPOTOYHOI'O THUIIA IIPH
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atMocdepHoM AasieHuu, temreparype 340-440°C, 00beMHOM CKOPOCTH
nogaun Tosyona 1,3—1,8 4 ! u MONEHOM OTHOIIEHUY TOIYOJ / DTHIIEH,
paBHoM 1 / 1. IIpoayKThl peakiiuu aHAIM3UPOBAIU TrazoxpomaTorpadu-
YECKUM METOIOM.

Ha ocHOBaHuM aHa/IM3a peHTreHO AU (PAKIIMOHHBIX JaHHBIX ObLIO yC-
TAHOBJICHO, YTO MPH BBEJICHUH B COCTAB IIMHUCTOIO0 MUHEpajia MOHTMO-
PULTOHUTA TUIPOKCOKOMIUIEKCOB aTFOMUHUS POUCXOUT Pa3/IBUKEHUE
MaKeTOB MUHEPAa, O YeM CBHUJIETEIHCTBYET H3MEHEHHUE MTEPBOTO Oa3aib-
Horo otpaxenus (dooi) ¢ 9,6 A y Tepmoo6paborannoii runel 10 17,5 A
y pukcupoBaHHbIX 00pa3noB. [Ipu 3TOM UX COPOIIMOHHAS] EMKOCTh BO3-
pactaet B 1,5 pasa, a yJenbHasi IOBEpXHOCTh — OoJiee ueM B 2 pa3a. Xa-
PAaKTEPHO, YTO (PUKCHUPOBAHHAS CTPYKTYpa MOHTMOPHIJIJIOHUTA CO CIIOUCTO-
CTOJIOUATOM MPUPOAON HE pa3pyIIAECTCS U TTOCIIE €ro MPOKATUBAHUS TIPU
500-550°C. ITprueM BbICOKask CTENEHb KPUCTATUIMYHOCTA CUHTE3UPOBAH-
HBIX 00pa3110B, OIEHEHHASI TI0 OTHOIIEHUIO CTPYKTYPHO-YYBCTBUTEIHHBIX
nonoc Dsss / Dass B UK-criekTpax, xapakrepHas 17151 PUKCUPOBAaHHOTO MOHT-
MOPUJIJIOHUTA, COXPAHSAETCA U B LIEOJIUTCOAEPKALUX KAaTaTU3aTOPaXx.

HK-cniexTpbl a1copOMpOBAHHOTO TUPUIMHA TTIOKA3AIH, YTO (PUKCHPO-
BaHHAs TJIMHA XapaKTePU3yeTCs MOBBIIICHHOM MO0 CPAaBHEHHUIO C €CTECTBEH-
HBIM MOHTMOPHUJUTOHUTOM JIbIOUCOBCKOM KUCTIOTHOCTBIO. DTO O0YCIIOBIICHO
TEM, 4TO IpU JeruaApoKcUInpoBaHuu IMUHbI (500°C) riIpOKCOKOMILIEKCHI
AJIOMHUHUS SIBIISIIOTCS. KICTOUHUKOM KOOPAMHAIMOHHO-HEHACHIIIEHHBIX
KaTHOHOB aJIFOMUHUS — L-1IeHTpoB. Kpome Toro, BHyTpEHHsISl TIOBEPXHOCTh
TaKUX TJIMH I0CTYITHA JIJIsl MOJIeKYJ nupuanHa. Ciaeayer OTMETUTh ITpak-
TUYECKH MOJTHOE OTCYTCTBHUE B LIEOJUTCOAEPKAIINX KaTaIU3aTopax OpeH-
CTEJOBCKUX KHCIOTHBIX LICHTPOB. B TO %e Bpemsi BenunHa oO1en Kuc-
JIOTHOCTH Y TaKuX 00pa3IoB J0CTaTOYHO Bbicoka — 0,259 MMoIb/T.

AHanu3 aicopOIIMOHHO-CTPYKTYPHBIX XapaKTePUCTUK CUHTE3UPO-
BAaHHBIX KaTaJIN3aTOPOB MIOKA3bIBAET, YTO IO CBOMM COPOIIMOHHBIM CBOM-
CTBaM CTPYKTYPHO-(PUKCUPOBAHHBIII MOHTMOPHJUIOHUT CYIIECTBEHHO HE
OTJIMYaETCs OT cMelaHHoro ¢ HuM 1ieosuta HIIBM. Tak, nanpumep, copO-
IIMOHHBIN 00beM, ynenbHas noBepxHocTh LICK coctaa 70-50 mac. %
neosnuta u 30—50 mac. % MOHTMOPUIUIOHUTA OJIM3KY K aHAJIOTUYHBIM I10-
Ka3aTessiM YucToro mneosimra (tadsm. 6.1, puc. 6.1 1 6.2). OnHako xapaxre-
pUCTHYECKas SHEPrus acopOIy HauOOobINas y [E0JIUTa, BCICACTBUE
YEero CHJIa aKTUBHBIX IIEHTPOB €r0 TTOBEPXHOCTH BBIIIE, YeM Y (DUKCUPO-
BaHHOT0 MOHTMOpHLIOHUTA WK LICK. OTcyTCcTBHE 3HAUNTENIBHBIX pa3-
JIMYUM CTPYKTYPHBIX MTAPAMETPOB 1IE0JTUTA K HOCUTES TTOJI0KUTEIILHO CKa-
3bIBAETCS HA AKTUBHOCTH U CEJIEKTUBHOCTHU MOJTYUYEHHBIX KaTaJIU3aTOPOB.



http://chemistry-chemists.com

6.1. lleonuTcogepsKaliye KaTalIM3aTOPbl ATKUIUPOBaHMS Ha OCHOBe HIIBM 149
0,12F
0,10
= 0,081
3 0,06
xF 0,041
0,021
O)OOI 1 1 1 1 1 1 L 1 L 1 0,00 I " 1 N 1 " 1 " 1 1 1
00 02 04 06 08 10 00 02 04 06 08 1,0
P/ Ps P/ Ps
a 9]
Puc. 6.1. U3oTepmel ancopOruu mapoB O6eH3o1a
Ha UCXOJIHBIX 00pa3Iiax, MpokajaeHHbIX mpu 550°C:
a — Al-MOHTMOPHUTOHHUT CIIOMCTO-CTOJIOUATON CTPYKTYPBI;
6 — neomut HIIBM
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Puc. 6.2. 3otepmsl aicopOunu mapoB 6eH301a
Ha MOAM(UIMPOBAaHHBIX 00pa3Lax, MpoKaieHHbIX npu 550°C:
a—70% HIIBM — 30% Al-MOHTMOpHJIJIOHUT CIOUCTO-CTOJI0YATOMN CTPYKTYPBI;
6 —50% HIIBM — 50% Al-MOHTMOPHJUIOHHUT CJIOMCTO-CTOJI0YATON CTPYKTYPHI,
6 — 50% HIIBM — 50% Al-MOHTMOPHIJIJIOHUT CIIOUCTO-CTOIOUATON CTPYKTYPBHI,
Mo uduIHMpoBaHHbIN 2% 60pa u 6% docdopa
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JlaHHbIe, MOTYYEHHBIC MTPU U3YUYECHUU KAaTATUTUYECKON aKTUBHOCTHU
IIEOJIUTCOCPIKAIINX KAaTAIM3aTOPOB B PEAKIINN AJIKMIIMPOBAHHUS TOTYOJIa
STUJICHOM, TIPEJICTaBJICHBI B Ta0. 6.2.

Tabnuia 6.2
Karanurnyeckasi aAKTHUBHOCTH CHHTE3MPOBAHHBIX
HEOJTUTCOAEPIKANUX KATATHU3ATOPOB B PeaKIUI
AJIKWIMPOBAHMS TOJIY0JIa ITUIEHOM
Conep- B C ] N3omepHblit
YcnoBusa | wxkauue bIxon Kongep- C/ICKTHB COCTaB
ombITa | yraro- | 0T g To- | HOCTP 06- STHJITOJTY OJIOB,
Karanuzatop JyOJIOB pa3oBaHUs o
Jyona B nyona, mac. %
Ha TO- o STHIITOIY-
T, 100. CK(: aJ]KI/IJ'IilTe, ayon, % % om0, % | no | oo | o
°C pocTe, ¥ | Mac. )
HIIBM 300 1,8 31,6 36,2 41,7 64,0 31,8/60,2| 8,0
(n=42,3)
Na-mormvopw(420| 1,3 3,1 3,1 2.9 90,0 67,4/19,9(12,7
JIOHUT
50% HIIBM —|400 1,3 15,0 15,6 12,2 96,3 100 0 | O
50% Al-moHT-
MOPWIJIOHUT ~+
+2,0B+6,0P
50% HIIBM —|400 1,3 18,0 18,7 14,4 98,3 99,31 0,7 0O
50% Al-MoHT-
MopwutoHuT +420| 1,3 19,9 20,8 15,9 98,0 989/ 1,1 0O
+23B+6,2P
50% HIIBM —(420( 1,3 5,1 5,2 4.6 85,8 100 0 | O
50% Al-MoHT-
MOPHWUIOHUT +
+3,7B+6,9P
70% HIIBM —{400| 1,8 19,3 20,2 16,2 96,4 98,4/ 16| 0
30% Al-moHT-
MOPHWUIOHUT +
+23B+62P
70% HIIBM —(340| 1,8 29,9 32,6 25,6 93,8 88,4/10,3| 1,3
30% ALOs; +
+2,1B+6,0P
70% HIIBM +({340| 1,8 27,3 29,6 24,4 89,9 94,006,0| 0
30% ALOs3 +
+23B+6,2P
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Oxonuanue Tadim. 6.2

Copnep- W3omepHblit
Brix KTHB-
YcnoBus | sxanme e Kongsep- Cene 5 COCTaB
ombIta | sriaro- |0 07 cust to- | FOC™ 997 Istimromyornos,
Karanuzatop JyOJIOB pa3oBaHUs 0
Jyona B nyona, mac. %
Ha TO- STHJITOJTY-

%

- | JIKWJIATC
T, |00. cko *lmyou, % onoB, % | n- | M- | o-

°C pocr[,,tfl Mac.%
70% HLIBM —(340| 1,8 28,8 31,3 25,0 92,8 89,7/10,0( 0,3
30% AlLOs +
+2,5B+6,2P
70% HIIBM —400| 1,3 14,7 15,2 12,5 93,8 1000 0,0 | 0,0
30% Al-MoHT-
MOPHJUIOHUT +
+ 0,35 Li +
+3,0Mg+6,0P
30% HIIBM —(380| 1,3 16,7 17,3 14,0 97,0 98,8/ 1,2 1 0,0
70% Al-moHT-

MOPWIJIOHUT ~+
+2,6B+6,7P

N3 taba. 6.2 BUIHO, YTO MOHTMOPUJIJIOHUT CO CIIOMCTO-CTOJIOUATOMN
CTPYKTYpOW HEAKTUBEH B PEAKIIUU AJIKWJIMPOBAHUS TOJIYOJIa, a YUCTHIN
1EOJIUT 00J1aJaeT HU3KOU CEJIEKTUBHOCTHIO.

3710 00yCIOBJIEHO, B IEPBYIO OUEPE/Ib, OTCYTCTBUEM CTEPUUECKUX
OTpaHWYEHUN BHYTPU KaHAJIOB 1I€0JIUTA U TIOP HOCUTES, B PE3YJIbTATe
Yero MpoUCXOIUT MPEBPAILICHUE nApa-3TUIATONYOJa B Memda- U Opmo-
n3oMephl. Hu3kas ak THBHOCTH MOHTMOPUJUIOHHTA B TAHHOU PEaKITUU CBSI-
3aHa C MPAKTUYECKHU MOJHBIM OTCYTCTBHEM Ha €r0 MOBEPXHOCTH OpEH-
CTEJOBCKUX KUCIOTHBIX LIEHTPOB.

BrIicokue nokaszareian KaTATMTHYECKUX CBOMCTB LIEOJIUTCOIEPIKALINX
KAaTaJIM3aTOPOB OBLIM IMOJYy4YEHBI NMPU MOJAU(PUIMPOBAHUU HX OOpPOM
(1,5-2,3 mac. %) u hochopom (6,0-6,6 mac. %). Kak Buano u3 tabdi. 6.2,
it oopasua coctaBa 50 mac. % HIIBM u 50 mac. % duxcupoBaHHOTO
MOHTMOPWIJIOHUTA, coaepxkaniero 2,0-2,3 mac. % B u 6,0-6,2 mac. % P
pu 400°C 1 06bEMHOM CKOPOCTH NOAa4X Toayosa 1,3 u!, conepxanue
ATUITOJIYOJIOB B KaTanu3are coctasisieT 15—18 mac. %. [1pu aTom sTun-
TOJIYOJIbl MPEJCTABICHBI MTPAKTUYECKUA OAHUM napa-uzoMepom (99,3—
100 mac. %).

VY4YuThIBas, 4TO NAPA-ITUITOIYOI SIBISETCS HAanOOJIee IIEHHBIM IPO-
JTYKTOM aJIKHJIMPOBAHUS, TIOTyYCHHBIC PE3YJIHTATHI TTO3BOJISIIOT CYUTATh
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CJIOUCTO-CTOI0YATYI0O MOHTMOPHILLIOHUTOBYIO MaTpUILy HauboJiee moi-
XOZIsIIeH JIsl OCYIIeCTBICHMSI JaHHOM peakiu. KucnotHocTs 60p-, poc-
dopcoaepxamux [{CK 3HaunTenpHO HUXKE, 4eM y ucxoaHoro HIIBM u
Al-MOHTMOPUJIIIOHHUTA, YTO UCKIIIOYAET MPEeBpallieHne 00pa3yromierocs
napa-3TUiAToONyOJa B Mema- U Opmo-u30Mephbl. 3aMeIseT TaHHbII Mpo-
IIECC M COKpaIlleHue pazMmepa kananoB moauduimposanHoro [ICK.

NHTepecHO OTMETUTD, YTO MPU TAKOM XKe cojiepKanuu oopa u (oc-
¢dbopa B 1IEOTUTCOIEPKAIIEM KaTaIU3aTOPE C aJTIOMOOKCHUIHON MaTpu-
el CEeJIeKTUBHOCTD M0 1apa-3TUIITONYOy He npeBbimaeT 94,6 mac. %
(Tabin. 6.2). Beegenue B cocTaB Katanu3atopoB Oosee 2,5 mac. % O6opa
OPUBOJUT K PE3KOMY MaJE€HUI0 UX AKTUBHOCTH.

YactuuHasg u3oMepusanus napa-3TUiIToIyoJIOB B Mema-u30Mep Ha
Al Os-nieonurcoaepxkaiieM KaTaau3aTope OOBACHIETCS HATHMYHEM Yy
OKCH/JIa aTIOMHHUS 00Jiee KPyIHBIX 0P, HE UCUE3AI0IIUX B IIPOIEcce
00paboTku ero 60pHOM KucIoToM U hochaToM aMMOHUSI. ITOTO HETO-
CTaTKa JIMIeHa MOANPUIIMPOBAaHHAS MOHTMOPHJTIOHUTOBAS MaTPHUIIA,
oOecrieunBaronas BBICOKUH BBIXOJ napa-npoayKTa MPU UCIOJIb30BaA-
HUM BMECTO O0pa U JAPYTrUX MPOMOTOPOB, TAKUX KaK JUTUN U MarHuit
(Tabma. 6.2).

B pa6orte [11] mokazaHo, 4To mpu mponuTke 1eoauta ZSM-5 6op-
HOM KHCIJIOTOM OOp BHavase JIOKaJu3yeTcs IPEUMMYILECTBEHHO BHYTPHU
€ro MoJoCTel U MPUCYTCTBYET B BuJe 6opHOTO anrunpuna. UK-cmnek-
TPBl B CTPYKTYpHOU 00JaCTH MOATBEPKAAIOT CyIIECTBOBaHHE OOpO-
CHJIMKATHOU rpynmnupoBkd =B-0-Si= (m.m. 930 cm '), kotopas o6pa-
3yetrcst B pesynabtare koHaeHcaunu H3BOs; ¢ B-uentpamu. B utore
YMEHbBIIAETCSI UHTEHCUBHOCTH MOJOCHI MOTJIONIEHHUS! KUCTOTHBIX TH/I-
pokcuios 3610 cm .

[Tpu Gosee BrICOKOM cojiepskanuu 6opa (> 2,5 mac. %) oH JoKasu-
3yeTcsl HE TOJIBKO BHYTPHU MOP LIEOJIUTA, HO U HA BHEUTHEH MOBEPXHOCTH
kpuctaioB. [Iponutka Takux oOpasnoB GpochaTaHHOHAMH COMTPOBOXK-
naeTcst 00pazoBaHUEM HEPACTBOPUMBIX 00podochaToB, KOTOPbIE MOTYT
HE TOJIBKO 3aKpbIBATh BXO/IbI B KAHAJIBI LIE0JIUTA, HO U BBI3bIBATH YACTHY-
HOE pa3pyIlIeHHE ero KPUCTAJIOB U MaTPHUIIbI.

Ha camxenune kpuctamumanocty oopasnos LICK, MoaudpuuupoBaH-
HBIX 00poM 1 pocPOopoM, yKa3bIBaET yMEHbILIEHNE OTHOLEHUS Dsss / Dass
(Tabm. 6.1).

B pesynbrare aToro npu conepskanuu 0opa cBbiie 2,5 mac. % u goc-
dopa coime 6,7 Mac. % Pe3KO CHIKACTCS aKTUBHOCTH KaTaln3aTOPOB.
B T0 xe BpeMs HeOobmne KonudyecTBa 6opa u pocdopa yMEHBIIAIOT
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KHCJIOTHOCTh MCXOJTHOTO KaTajnu3aTopa M MOBBIIIAIOT CHTOBYIO CEJeK-
TUBHOCTh O0Opa3IoB.

OO0pa3oBaHKe OOPOCUIUKATHBIX IPynIUpoBoK =B-O-Si= BHyTpH
MOp CIOCOOCTBYET OoJIee PETYIIPHOMY i pABHOMEPHOMY pacrpeesie-
HUIO O0pa Ha BHYTPEHHEH MOBEPXHOCTH KaHAJIOB II€0JIUTA, a TIPU y4va-
ctun pocdhopa OH CTAHOBHUTCSA MEHEE IMOJBHMIKCH, YTO OOECIICUMBACT
CTaOMIIBHOCTH PAOOTHI KaTaJIN3aTOPOB MOCIIE UX OKUCITUTEIBHOMN pere-
Hepaluu.

6.2. AmcopOIIOHHAsA ¥ U30MepPHU3YIOIIas
aKTHBHOCTH KaTaIM3aTOPOB Ha OCHOBE
BBICOKOKPEMHE3eMHBIX I[€0JIMTOB U CTOI0YATHIX
MOHTMOPUWIUIOHUTOB

Peakuyst n3oMepu3anny M-KCHIT0JIa TPOTEKAET C BBICOKOM CEJIEKTHB-
HOCTbIO 00pa30BaHus /- U 0-U30MEPOB HA BHICOKOKPEMHHUCTBIX 11€0TH-
Tax tuna ZSM, 1l KOTOPBIX XapaKTEPHbI CUJIbHBIE KUCIIOTHBIE LIEHTPHI
U IMaMEeTp op, OJIM3KUH K pa3Mepy MoJieky kcuona [12]. OtHocurens-
Hasl JOPOTrOBU3HA ATUX LIEOJIUTOB CTABUT 33/1a4y HAXO0K/ICHUS MHBIX MaT-
pHL, HE CHIIKAIOIIMX BBIXO/A IIEJIEBBIX MPOAYKTOB M HE YXYIIIAIOLIUX
CEJIEKTUBHOCTH IIpoliecca.

B cBsA3M ¢ 3TUM HECOMHEHHBIN MHTEPEC NMPEICTABISIET CUHTE3 CME-
HIAaHHBIX KAaTalM3aTOPOB, COJACPIKAIIUX I[COJUTHI U CTOIO0YATHIE MOHT-
MOPWLUIOHUTHI [ 13]. @UKCHpPOBAHHBIE OJIUTOMEPHBIMU THAPOKCOKATHO-
HaMU METAJJIOB TJIMHUCThIE MUHEPaJIbl (CTOIOYATHIE TTIMHBI) U3YUYEHBI B
KayecTBE KaTajau3aTopoB BO MHOIMX peakuusax. OJIHaKo JaHHbIE MaTe-
pHUanbl NPOSIBIAIOT HanOONbIIYyI0 akTuBHOCTh npu 100-200°C, Hecta-
OunpHBI Ipu OoJiee BBICOKUX TemnepaTypax. [loBblieHne TemMnepaTypsl
10 500°C nmpuBOAMT K NETUAPOKCUIMPOBAHUIO (DUKCUPOBAHHBIX TJIUH,
3a CYET Yero CHUXKAIOTCA UX KUCIOTHOCTh, aICOPOIIMOHHAsI eMKOCTh U
KAaTaJIUTUYECKasi aKTUBHOCTb.

B nanHOM paszelie paccMaTpUBAETCS BIUSIHUE PUPOIBI TOJIUTUT-
POKCOKOMIUIEKCOB LIMPKOHHUS U KeJe3a, UCIOIb3yEMBbIX I (PUKCALIMU
CJIOEB TJIMHBI U TEMIIEPATypPhl MPEIBAPUTEIHLHON 00pabOTKH Ha aicopo-
LIMOHHYIO CIOCOOHOCTh U KaTAIUTUYECKYIO AKTUBHOCTh CMELIAHHBIX Ka-
TaJIN3aTOPOB, MOJYUYEHHBIX HA OCHOBE JIEKATHOHUPOBAHHBIX ()OPM BBICO-
kokpeMHHCTHIX 1IeonuToB [IBK (HLIBM) u deppreputa (HD), a Taxke
Zr u Fe-cton64atrbix MOHTMOPWLIOHUTOB (Zr-CM u Fe-CM).
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O6pasupl Zr-CM u Fe-CM BO BJIQXXHOM COCTOSIHUM CMEIIMBAJIH C
reoutamu HIIBM (x =42,3) u HO (x =23,5) B MacCOBOM COOTHOIIICHUH
1EOJUT / MOHTMOPHJUIOHUT, paBHOM 1 / 1. Takxke monyudeH oOpaszerr
30% HLBM + 70% Zr-CM. Ilonydennsle oOpa3iibl BRICYUIMBAIN MPU
KOMHATHOM TeMrepatype B TeYeHUE CYTOK, 3aTEM MPOBOAMIN TEPMOOO-
pabotky mipu 120, a mocie mpu 200, 220 u 500°C B Teuenue 3 .

Karanutnyeckue cBoiicTBa 00pa3ioBs, MpeIBaApUTEIHLHO TTPOKAIICH-
HbIx npu S00°C, uccnegoBany B peakuny U30MEPU3ALUN M-KCHIIOA B
MIPOTOYHON ycTaHOBKE B mHTepBajie Temreparyp 250-500°C npu 00b-
eMHOI cKopocTH mogaun 1 u !,

N3 peHTreHOBCKUX IU(PpaKkTOorpaMM 00pa3loB pacCUYUTaHbI Iep-
Bble 0azanbHbIe OTpakeHus dooi. Juist o6pasua Zr-CM, mpocyieHHOTo
npu 200°C, doo1 = 18,6 A, uTo yka3biBaeT Ha BHEPEHNE TETPAMEPHBIX
TUJPOKCOKOMIIJIEKCOB IIUPKOHUS B MEXKCIIOEBOE MPOCTPAHCTBO MOHT-
MOPHUJUIOHUTA, TaK KaK door HEMOJU(PUIUPOBAHHOMN TIIMHBI COCTABJIS-
et 9,6 A. Ha nudppakrorpamme o6pasia Zr-CM, IpoKaaeHHOro Ipu
500°C, mepBbiit udpakIIMOHHBIN MUK HE BhIsABIsieTcs. J[s oOpasia
Fe-CM, npocymennoro npu 220°C, dooi = 12,3 A, a ms npokanen-
noro npu 500°C — 9,8 A. Ipu 480°C naumHaeTcs paspylleHUEe CTPYK-
TYpbI CUIIUKATHBIX clioeB Fe-hukcupoBaHHOM TIIMHBL, 4YTO OTPaKaeTCs
Ha ee aJIcoOpOIMOHHBIX CBOMcTBax. B Tabi. 6.3 npeacTaBicHbI JaHHBIC
1o ajgcopOiuu 0€H30J1a Ha CMEIIaHHBIX Zr-CoJIepKalluX KaTaln3aTo-
pax, Ha puc. 6.3 u 6.4 moka3zaHbsl U30TEPMBbI COpOITMU OEH30I1a MPOKa-
JIEHHBIMH 00pa3iamMu Zr-coAepKaiiux cToJI09aThIX MOHTMOPHUIIOHH-
TOB M CMEIIAHHBIMH I[€OJIUTCOAepKAMMHU oOpa3amMu. M3 maHHbIx
Tabi. 6.3 u puc. 6.3, 6.4 BugHO, uTO NpokanuBanue Zr-CM npu 500°C
MPUBOJIUT K HEKOTOPOMY CHHMKEHHUIO €ro aJIcOpOIMOHHOT0 o0beMa U
yIEIbHON MOBEPXHOCTU MO OeH30iy. XapaKTepHO, 4TO GopMma H30-
TepM ajacopOIuu 0eH30J1a Ha Zr-coiepKaluX 00pa3iax NpakTUIeCcKu
HE M3MEHSETCA C IMOBBIIMICHUEM TeMIepaTyphsl 00paboTku. M3mens-
eTcsa auiib GopMa MecOpOIMOHHONW BETBH HU30TEPM, YTO YKa3bIBAET
Ha yMEHbllIeHue oobema mezomnop odpasnoB Zr-CM u 50% Zr-CM —
50% HIIBM, npoxkanennbix npu 500°C. AncopOuroHHbIe 00BEMBI U
yAeIbHBIE IOBEPXHOCTH ITUX 00PA3IOB OCTAIOTCA TOCTATOYHO BBHICO-
kuMu 1 cocTaBiaoT 0,120 u 0,095 em®/r n 153 u 116 Mm%/t qna Zr-CM
(200°C) u Zr-CM (500°C) coOTBETCTBEHHO.

JIJist cMemaHHbIX LEOTUTCOAEPKAINX 00pa3OB 3HAUEHUE Y IEITb-
HOM MTOBEPXHOCTH HECKOJIBKO BBIIIE 332 CUET MPUCYTCTBUSI LIEOJIUTHOM
dasbl.
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Tabnuna 6.3
AncopOuus 0eH30/1a HA CMEIIAHHBIX Zr-coJAepKallnX KaTaJIu3aTopax
Ancopbuus, cM>/r, ipu P / Ps Sy,
Karanuzatop 2
0,200 0,500 0,900 M/T
Zr-CM (200°C) 0,049 0,060 0,104 153
Zr-CM (500°C) 0,032 0,055 0,080 116
50% Zr-CM - 50% HIIBM (200°C)| 0,072 0,078 0,095 222
50% Zr-CM — 50% HIIBM (500°C)| 0,070 0,075 0,090 204
0,10 r
0,08 |
= 0,06
p= I
Q
0,04 o
0,02
0,00 -
0,0 0,2 0,4 0,6 0,8 1,0
P/ Ps
a
0,12
0,10 r
& 0,08 5
=
° 0,06
%
0,04
0,02 1
O’OO C 1 " 1 " 1 1 " 1

0,0 0,2 0,4 0,6 0,8 1,0
P/ Ps
o

Puc. 6.3. U3oTepmbl copbuinu OeH30ia Ha 00pasnax:
a—Zr-CM (500°C); 6 — Zr-CM (200°C)



http://chemistry-chemists.com

156 I'maBa 6. ViccimemoBaHMe CBOMCTB KaTaTM3aTOPOB

P/ Ps

0,06
0,04 [
0,02
0,00 C : 1 : 1 : 1 : 1 . 1
0,0 0,2 0,4 0,6 0,8 1,0
P/ Ps
o

Puc. 6.4. 3otepmbl copO1iiu 6eH30I1a Ha 00pasiax:
a—50% Zr-CM — 50% HIIBM (500°C);
6 —50% Zr-CM — 50% HIIBM (200°C)

B Ta6:n. 6.4 v Ha puc. 6.5—6.7 npencTaBiaeHbI aCOPOIIMOHHO-CTPYK-
TypHBIE XapaKTEPUCTUKHU U H30TEPMBI COPOIMHU OEH30ja U n-TeKCaHa
CMEIIaHHBIMU KaTaJu3aTopaMu Ha OCHOBE IeoniuTa u Fe-hukcupoBan-
HOT'O MOHTMOPHWJUIOHHTA.
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Tabn. 6.4
AncopOuus 6eH30/1a U H-TeKCaHAa
Ha cMemaHHbIX Fe-conepxkamux katajauzaropax
Ancopbuus, cM>/T, E
Katanuszatop npu P/ Ps 0
M°/T
0,2 0,5 0,9
benzon
Fe-CM (220°C) 0,025 0,069 0,113 93
Fe-CM (500°C) 0,015 0,034 0,106 52
50% Fe-CM — 50% HIIBM (500°C) 0,019 0,048 0,077 82
n-I'excan
Fe-CM (220°C) 0,036 0,060 0,117 92
Fe-CM (500°C) 0,015 0,052 0,116 56
50% Fe-CM — 50% HIIBM (500°C) 0,045 0,071 0,092 91

Hudpakrorpamma o0pa3iia MOHTMOPUIITIOHUTA, (PUKCUPOBAHHOTO
KEJIE30TUIPOKCOKOMIUIEKCOM M NpocymeHHoro npu 220°C, nokassl-
BaeT, uTo doo1 AJIs 3TOro odpasua coctasnser 12,3 A, a snauenne dooi
s o0pasia, npokaneHHoro npu 5S00°C, He3HAUYUTENBHO OTINYAETCS
oT doo1 UcxoHOU TyIMHBL. OHAKO MPeaeTbHBIA COPOIMOHHBIN 00BEM
(Vs) aTux 00pa31oB nociie TepMooOpabOTKU COXpaHIETCs Ha JJOBOJIBHO
BBICOKOM ypOBHE Kak MO O€H30Jly, TaK U MO H-TeKcaHy (Tabiu. 6.4 u

puc. 6.5-6.7).

0,107
0.08[
0,067
0,041 °
0,021 °

0,00[

Vs, eM3/r

0,16
0,12

Vs, cM/T

0,04

0,00

0,0 02 04 06 08

1,0

0,08

P/ Ps

a

00 02 04 06 08 1,0
P/ Ps

o

Puc. 6.5. U3oTepmbl copOuimu OeH3ona Ha o0pa3uax:
a —Fe-CM (500°C), 6 — Fe-CM (220°C)
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0,081 0,087
= 0,06 = 0,061
2 0,04 %; 0,041
= 0,021 ~ 0,021
0,00t~ , . ., ., . 000F . , . .. .
00 02 04 06 08 1,0 00 02 04 06 08 1,0
P/ Ps P/ Ps
a 0

Puc. 6.6. U3oTepma copOruu:
a — 6eH3oza Ha obpasue 50% Fe-CM — 50% HLIBM (500°C);
6 — n-rexkcana Ha obpasue 50% Fe-CM — 50% HIIBM (500°C)

0,20 0,161
e O = 0,12}
"’E 0,12 %
A 5 0,08
2 0,08F = 3
0,041 0,04f
0300_: ' 1 . 1 . 1 . 1 L 1 0,00_- L L L L L
00 02 04 06 08 1,0 00 02 04 06 08 10
P/ P P/ P
a o

Puc. 6.7. 3oTrepma copOI1inu xH-rekcaHa Ha o0pasiax:
a—Fe-CM (500°C); 6 — Fe-CM (220°C)

Tax, 3Hauenue Vs mo 6ensomy o6pasia Fe-CM (220°C) pasuo 0,113 em™/r,
aFe-CM (500°C) — 0,106 cm*/r. CopOLMOHHBIA 00BEM II0 71-T€KCaHy 3THX
00pasuoB npaktuuecku ogunakos (0,117 u 0,116 cm/r). Bennuunsl Sy,
Fe-¢pukcrupoBanHoro oopasia MOHTMOPUILTIOHUTA B 3aBUCUMOCTH OT TEM-
nepaTypbl 00paboTKH OTiIM4atoTes B 1,6—1,8 pasa, 4ro 00BICHIETCS YyMEHbB-
HIeHuEM 00beMa MUKPOTIOP MPpH MpoKaTuBaHuU. O4YeBUHO, C STUM CBSI3aHa
HEBBICOKas aJICOPOIMOHHAst eMKocTh oopasiia 50% Fe-CM—-50% HIIBM,
npokaneHHoro npu 500°C.

Takum oOpa3zom, JaHHBIC aACOPOIMOHHBIX HCCISIOBAHUN ITOKa-
3BIBAIOT, YTO HA aJICOPOIIMOHHO-CTPYKTYPHBIE XapaKTEPUCTUKHU II€OTUT-
COJIEpIKaIlMX KaTaIu3aTOPOB 3HAYUTEIBHO BIUSAET TEPMOCTAOUILHOCTD



http://chemistry-chemists.com

6.2. AIcopOIIOHHasA U N30MepHU3YIoIasi akTUBHOCTD KaTalu3aTOPOB 159

T'HJIPOKCOKOMIUIEKCOB METAJUIOB, (PUKCUPYIOIIUX CUITUKATHBIE CIIOM MOHT-
MOPHUJIOHUTA.

Karanutnueckue cBoiictBa Zr- u Fe-copepkalmnx cMENIaHHbIX Ka-
Tanu3aTopoB, IpokajaeHHbIX Mpu S00°C, u3ydyeHsl B peakiiii U30Mepu3a-
1K m-Kcusona. Takasi teMriepaTypa npeiBapuTebHON 00pabOTKH BBIOpa-
Ha B CBSI3U C HEOOXOIMMOCTBIO MMPOBEICHHUS pEreHepaIliy KaTaIn3aTOPOB
MpeBpaLIEHHUs YTIIE€BOAOPOIOB.

JlaHHbI€ 110 pe3yJibTaTaM U30MEpHU3aIluU M-KCUJI0JIa HA CMEIIIaHHBIX
Fe- u Zr-conepxamux karanuzaTopax MpeacTaBlieHbl B Ta0d. 6.5. Ak-
TUBHOCTH (CTENEHb MPEBPAILICHUS M-KCUJI0JIa) CMEIIAHHBIX KaTaln3aTo-
POB HMXE aKTUBHOCTU MCXOJHBIX 1eosuToB HIIBM u H®, uto 00y-
CJIOBJICHO HE3HAYUTEIHLHOM aKTUBHOCTHIO Z1- U Fe-cTonbuaTbix MOHTMO-
pronuToB. [locnennue neaktrBHBI 10 430°C, a B 006J1aCTH TEMIIEPATYP
430-520°C ux akTUBHOCTbH HE NpeBbIIacT 4%.

Tabnuna 6.5
Cocras kaTaau3aTa H30MepU3alNu M-KCHJI0JIa
Ha cMemiaHHbIX Fe- u Zr-cogepaxamux oopasuax
NPHU pa3jIMYHON TeMIeparype

CogepxaHue yrieBoaopoaoB (mac. %)
< o
Q. O 1 = = !
o | = = = = 3 = o
EHIE SRR
o 460 | — 0,1 - 12543 883 | 48 | — -
Ze-CM (00°C) | 550 1 0.1 | 03 | 0.6 | 18] 54 | 866 52 | — | —
) . _
730032};5];\41\4 375102 | 1,5 | 61 | — [21,3|46,1| 9,7 |{0,1] 5,0
0
(500°C) 4501 0,3 | 2,1 | 235] — | 16,8 36,2 4,77 10,5]| 5,9
285 — 02|14 (15109786 73 | — | 0.1
0 _ _ b b b b b b 2
Sg)oﬁ;Z}i]_?];\/lM 330 | 0,1 | 09 | 23 [1,0(21,7|545]19,1| — | 4,0
(5000°C) 450 |1 0,6 | 2,2 {239 | — (14,340,912, 7| 0, | 5,1
505109 | 64 [323| — | 124287126 0,5 6,2
Fe-CM (500°C) | 490 | 0,1 | 0,1 | 1,4 |1,6| 3,2 |88,1| 4,7 | 0,1 0,7
50% Fe-CM — | 265 - 0108 [1,3]| 9,1 |81,7| 7.0 | — -
50% HIIBM 390 | 04 | 1,5 | 87 | — |17,8152,0|17,0[0,1| 2,5
(500°C) 440 |1 0,6 | 1,8 | 222 | — [16,5|37,7|16,4|04 | 3.8
50% Fe-CM—~ | 395 ] 0,1 | 03 |05 1,4 49 |881| 46 | — | 0,1
50% H® (500°C) | 430 | 0,1 | 0,6 | 1,8 |09| 9,6 |793| 7.0 | — | 0,7
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Puc. 6.8—6.11 nmnocTpupyroT 3aBUCUMOCTb OT TEMIIEPATYPHI AK-
TUBHOCTU M CEJIEKTUBHOCTH M30MEPU3aIMU KCUJI0JIA, BEIX0AA Opmo- 1
napa-KCUIioJia Mpy MpoBEACHUH TIPollecca Ha MHIMBU Ty JIbHBIX 00pa3iiax
Zr-CM u HIIBM u Ha cmemanubix oopasmax 70% Zr-CM — 30% HIIBM
u 50% Zr-CM — 50% HIIBM.

70}
60
o\o L
a 501
g —
= 30 —a—3
< " —O—
20} !
10f =

0 250 300 350 400 450 500 550 600
T, °C
Puc. 6.8. 3aBUCHMMOCTh aKTUBHOCTH U30MEPU3ALIUH KCUJTIONIA
OT TEMIIEPATYPHI MPOBEACHUS MTpOLIecca st 00pa3IoB:
1 — Zr-CM (500°C); 2 — 70% Zr-CM — 30% HIIBM;
3 —=50% Zr-CM - 50% HIIBM; 4 — HIIBM

100 [
90 [
80 [
70T
60 [
50T
407
30T
20[

CeJIeKTUBHOCTE 71- + 0- KCHIJION

250 300 350 400 450 500 550 600
T,°C
Puc. 6.9. 3aBUCHMOCTb CEIEKTUBHOCTH N30MEpPU3AIMN KCUITOJIA
OT TEMIEPATypbl MPOBEACHHUS ITpoLiecca s 00pa3IoB:
1 —Zr-CM (500°C); 2 —70% Zr-CM — 30% HIIBM;
3 —50% Zr-CM - 50% HIIBM; 4 - HUBM
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18 ©

= 16f

Q

g 14

< 12f

s 120

S 101

2 8 o

S 6 —0—2

ST

2 - = 4 D/D

A 2l
0 . .

250 300 350 400 450 500 550 600
T, °C
Puc. 6.10. 3aBUCHMOCTb BBIXOJIa 0-KCHJIOJIA ITPU U30MEPU3ALIMU KCUIIOJIA
OT TEMIIEPATYPHI MPOBEJACHUS MIPOLIecca sl 00pa3IoB:
1 — Zr-CM (500°C); 2 — 70% Zr-CM — 30% HIIBM;
3—-50 % Zr-CM - 50% HIIBM; 4 — HIIBM

201
X
g
= 151
<
=
]
=
g 101 —O— ]
o o>
S L A
X5 3
O 1 1 1 1 1 1 1

250 300 350 400 450 500 550 600
T,°C

Puc. 6.11. 3aBUcUMOCTB BBIXOJIa 7-KCUJIOJIA IIPU U30MEPU3ALINN KCUIIOJIA

OT TEMIEPATyphl MPOBEACHUS ITpoLiecca sl 00pas3IoB:
1 —Zr—CM (500°C); 2 —70% Zr-CM - 30% HLIBM,;
3—-50% Zr-CM - 50% HIIBM; 4 — HIIBM

Karanuzaropsl, conepxamue 50 u 70 mac. % Zr-cToin04aToro MOHT-
MOPUJUIOHUTA, UMEIOT MPAKTUYECKU OJJUHAKOBYIO aKTUBHOCTD (pHC. 6.8—
6.11), koTOpas pacTeT ¢ MOBBIIICHUEM TEMIIEPATYPhI 38 CUET PEAKIIUU JIUC-
MPONOPLHOHUPOBAHUS M-KCUIIOJIA.
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Brixoasl n- 1 0-kcuiioy10B B uHTepBajie temneparyp 320-500°C na
ATUX KaTtanuzaTopax paBHbl U npu 320—400°C HECKOJBKO BBIIIE, YEM
Ha ucxoaHom neosmre HIIBM. OT0 cBA3aHO C yBEIM4YEHNEM CEJICKTHB-
HOCTHU 00pa3oBaHUs /- U 0-U30MEPOB Ha CMelIaHHbIX oOpa3nax. Cie-
JOBATENIbHO, Z1-CTOI0YAThIA MOHTMOPHWJUIOHUT, BBITIOJHSS POJIb MaT-
pHUILIBI B CMEIIAHHBIX KaTalU3aTOpax, BHOCUT 3HAYUTENILHBIN BKJIAI B
BBIXOJ] II€JIEBBIX MPOJYKTOB, YTO 00ECIIEUMBACTCS 32 CUET €ro Ie0H-
TOIOJ0OHOM pa3BUTON MOPUCTON CTPYKTYPhI, CHIOCOOCTBYIOIIEH ONITH-
ManbHOU A (Py3un MOJIEKYJ peareHTa v MPOoAyKTOB PEaKIUH B Opax
KPHUCTAJIJIOB 11€0JIUTA.

J1J1d cMelaHHOT0 KaTajanu3aTopa, MoJy4eHHOro Ha ocHoBe Fe-cTos0-
4aTOr0 MOHTMOPHILTOHUTA U 1ieosiuTa HIIBM, Habmtomaercs ananoruy-
Has KapTuHA. Pe3ynbTaTsl U30MEpu3aliiu KCUIo0Ja Ha CMEIIaHHbIX KaTa-
au3atopax, cojepxanux Fe-cTon0uaTelii MOHTMOPWIJIOHUT U 1ICOJIUT,
npenacTaBiieHbl Ha puc. 6.12-6.15. O6pazen; 50% Fe-CM — 50% HIIBM
uMeeT 0osiee HU3KYIO aKTUBHOCTh, ueM 1ieoaut HIIBM, ognako 3a cuet
MOBBIIIIEHUS CEJIEKTUBHOCTH BBIXOJ] #-KCUJIOJIa Ha CMEIIaHHOM o0pasIie
HaxoauTcs Ha ypoBHe neonuta HIIBM.

Kak u Zr-CM (500°C), Fe-CM (500°C) umeeT HE3HAYUTEIbHYIO
akTUBHOCTh. Clie10BaTENbHO, BBICOKUI BBIXOJ LIEJIEBBIX MPOAYKTOB HA
obpasiie 50% Fe-CM — 50% HIIBM obecneunBaet marpuia — Fe-cton6-
YaThIil MOHTMOPHUJUIOHUT HECMOTPS HA TO, YTO aJICOPOIIMOHHBIEC TIapa-
METpPHBI 3TOT0 00pa3iia 3HAYUTEIBbHO HUXKE, yeM obOpasna 50% Zr-CM —
50% HIIBM. MHas 3aKk0OHOMEpPHOCTh HAOJII0AAETCS IIPH PACCMOTPEHUN
JAHHBIX IO U30MEPU3AIUU M-KCUJI0JIa Ha 00pa3ile, MOJyYEHHOM Ha OC-
HoBe Fe-cTo109aToro MOHTMOPHUIUIIOHUTA U IEKATUOHUPOBAHHOW (POPMBI
dbeppbeputa (puc. 6.12—6.15). AKTUBHOCTb U CEIIEKTUBHOCTh 00pasiia
50% Fe-CM — 50% H® 3naunTenbHO HUXKE, 4eM ucxogHoro H® u BbI-
XOJ - M 0-U30MEPOB HE IOCTUTAET 3HAYEHUM, MoJTy4yeHHbIX HAa HD. Cme-
manuble o0pasiel 50% Fe-CM — 50% HIIBM u 50% Fe-CM — 50%
H® nonyyens! ¢ ucnonap3oBanueM Fe-cTon64yaroro MOHTMOPHUIIIIOHH-
Ta OJTHOTO IPUTOTOBJIIEHUS U KX TEPMOOOPaOOTKA MPOXOIUIIA OJHOBPE-
MeHHO. Cle0BaTeNbHO, pa3HOE MOBEACHUE CIEAYET CBS3BIBATH HE C
YCJIOBUSIMU UX MPUTOTOBJIEHUS, a C APYTUMU PA3TUUYUSIMU B UX CBOM-
CTBaX, B MEPBYIO0 OUYEPEAL C MOJIEKYJISIPHO-CUTOBOU CEJEKTUBHOCTBIO.
YV (eppbeputa quamMeTp BXOAO0B B KaHalbl paBeH 4,3 X 5,5 A, y neonura
IIBM —5,4x 5,6 A, T. e. peppbepur umeer Gonee y3kue nopsl, uem LIBM.
B pesynbTraTe CHUX)AETCS aKTUBHOCTH, CEJICKTUBHOCTh U BBIXOJ /- U
0-KCWJIOJIOB Ha CMEIIAaHHOM KaTaJlu3aTtope, cojiepKaiieM (heppbepur.
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[Tpu pereneparnuu cMemanubix Fe-copepxammx kaTaiu3aTopoB Ha0IIo-
JIaeTCsl CaMOIIPOU3BOJILHOE MOBBIIIIEHHE TeMnepaTypsl Ha S0—-60°C B Ha-
yajie moIauM BO3/lyXa Ha KaTallu3aTop, yKa3blBalolee Ha y4acTUue OK-
CUIHBIX COEIMHEHUM Kele3a («CTOTOMKOBY») B OKMCICHUHU KOKCa.

40 1
301
20 [

AKTHBHOCTB, %

250 300 350 400 450 500
T,°C

Puc. 6.12. 3aBUCMMOCTb aKTUBHOCTH M30MEpHU3AIIMHN KCUJIOJIA
OT TEMIIEPATYPHI MPOBEACHUS MTpOLIecca JJisi 00pa3IoB:
1 —H®; 2 —-50% Fe-CM — 50% H®; 3 — HIIBM;
4 —50% Fe-CM — 50%HILIBM; 5 — Fe-CM (500°C)

100 [
80
60 |
40 |

20 |

CeJIEKTUBHOCTB 71- + 0- KCHIIONI

0 1 " 1 " 1 " M 1
250 300 350 400 450 500
T,°C
Puc. 6.13. 3aBUCHMOCTb CEIEKTUBHOCTH U30MEPHU3ALIMU KCUIIOIa
OT TEeMIIepaTypsl MPOBEACHUS IIpoliecca s 00pa3IoB:
1 —H®; 2 -50% Fe-CM — 50% H®; 3 — HLIBM;
4 —50% Fe-CM — 50% HIIBM; 5 — Fe-CM (500°C)
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Brixon n-xcuiona, mac. %

-0

250 300 350 400 450 500
T,°C

Puc. 6.14. 3aBUCMMOCTb BBIX0JIa 7-KCUJIOJIa
OT TeMIIepaTyphl MIPOBEACHUS Tpoliecca sl 00pa3IoB:
1 —H®D; 2—-50% Fe-CM — 50% H®; 3 — HIIBM,;
4 —50% Fe-CM — 50%HIIBM; 5 — Fe-CM (500°C)
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Puc. 6.15. 3aBUCHUMOCTBH BBIXO1a O-KCHUJIOJIA
OT TeMIIepaTyphl MIPOBEACHUS Tpoliecca sl 00pa3IoB:
1 —H®; 2—-50% Fe-CM — 50% H®; 3 — HIIBM;
4 —50% Fe-CM — 50% HIIBM; 5 — Fe-CM (500°C)

Taxum 00paszom, IpeICTaBICHHBIC JTaAHHBIC CBUICTEIBCTBYIOT O TOM,
YTO CBOMCTBA IIEOJIUTCOACPIKANINX KATATU3aTOPOB B 3HAYUTEIIHLHON Mepe
OTIPEICTISIOTCS CBOMCTBAMHU TTTMHUCTON MAaTPHUITBI (MOHTMOPHIUTOHHT CO
CIIOMCTO-CTOJIOYATOMN CTPYKTYpOii), KOTOpasi BHOCHUT OIIyTUMBIN BKJIa/I B
BBIXO/I IIEJIEBBIX MTPOIYKTOB 32 CUET €€ Pa3BUTOM 1IEOTUTONOA00HOH 110-
PHUCTOM CTPYKTYPBI, CIOCOOCTBYIOIIECH ONTUMATBHON T Py3un MOTEKY I
peareHTta u MpoIyKTOB PEaKIIMU B MOPaX KPUCTAJUIOB IIEOJTHTA.
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Haubonee nepcneKTUBHBIMU MaTepUaiaMHu, IpeIHa3HAYCHHBIMU 1151
ITyOOKOT0 OKMCIIEHHUS OPraHMUYECKUX BELIECTB, SABJISIOTCSI KOMIIO3UIIMOH-
HBbIE aJICOPOCHTHI-KAaTAIN3aTOPbl HA OCHOBE BEICOKOKPEMHE3EMHBIX 11€0-
autoB Tuna HIIBK. KucnotHocTs n mopucras CTpyKTypa LIE0IUTCOAEp-
KAIIMX KOMIO3UIIMOHHBIX aJICOPOECHTOB-KATAIN3aTOPOB ONPEACIIACTCS
COCTaBOM M COOTHOLIEHUEM LIEOJIUTA U MATPHULIbI, U3MEHEHHE KOTOPBIX
MO3BOJISIET PErYIMPOBATH UX COPOLIMOHHBIE U KaTaIUTUYECKHE CBOMCTBA.
[Tpu 3TOM HEMaIOBaXXHOE 3HAYEHUE TPUOOPETAET BHIOOP MAKCUMAIBHO
3((PEKTUBHBIX U CTAOMIIBHBIX MAaTPHIL, KOTOPBIE B COCTABE LEOJIUTCOIEP-
KaIIMX KOMITO3UIIMOHHBIX aJCOPOEHTOB-KaTaIN3aTOPOB, IOMUMO o0ec-
NEeYEHUs MEXaHUYECKON MPOYHOCTU B KAUECTBE CBSA3YIOIIETO, JOKHBI
BBINIOJIHATh CAMOCTOSITENIbHYIO (DYHKIIMIO, HAPABJIEHHYIO Ha MOBBIIIIE-
Hue 3 (PEeKTUBHOCTH COPOIIMOHHBIX M KaTaJTUTUUYECKUX nponeccoB. Hau-
OoJiee MepCIEeKTUBHBIM JJISl 3TUX LIEJIEH SBISETCS IPUMEHEHNE MOAU(H-
LUPOBaHHBIX ATFOMOCHUIMKATOB C (PUKCUPOBAHHOMN CIIOMCTO-CTOJIOUATON

CTPYKTYPOH.
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PaccMoTpena nuHamuka 100bIYM OEHTOHUTOBBIX IJIHH ¢ 1991 1. 1o
HACTOSIIIEE BPEeMs, OTIpeieTICHbI Chephl MPUMEHEHUS U OCHOBHBIE TEXHO-
JIOTUYECKUE MPOLECCHI, B KOTOPBIX UCIOJIb3YIOTCSI OEHTOHUTOBBIE IJIHHBIL,
CZ€JIaH CPAaBHUTEJIbHBIN aHAIN3 XUMUYECKOTO U (Da30BOr0 COCTABOB ISl
[JIMH Pa3IMYHbIX MECTOPOXKICHUH, a TaK)Ke MPOBEIeHa OLEHKA JTOJIH UC-
MOJIb30BaHUsI OEHTOHUTOBBIX TJIMH B Pa3IM4HbIX 00JacTsX 11 benapycu,
Poccun n YkpanHsl.

[TokazaHo, 4TO OJIHOM W3 Ba)XHEHIIMX MPOOJIEM MPU MPOBEICHUHU
COpOLIMOHHBIX U KAaTAIMTUYECKUX TMPOIECCOB SIBISETCS CHUKECHHUE aK-
TUBHOCTH aJICOPOCHTOB U KaTaJlU3aTOPOB HA OCHOBE TNIMHUCTHIX MUHE-
PaJIOB U3-3a YMEHBIIICHUS pa3MePOB MOBEPXHOCTU. [109TOMY TOKUCK HOBBIX
MOAU(PUKATOPOB, OMPEEICHINE MEXaHU3Ma UX JCHCTBUS Ha MOPHUCTYIO
CTPYKTYPY U TEPMHUUECKYIO CTAOMIBHOCTh MO3BOJUT PACIIMPUTH I'pa-
HUIIBI TPUMEHEHUS JAHHBIX MaTepuasioB. B 3Toi CBSA3M MPOBEICH UK
MCCJIEIOBAHUI 110 U3YUEHUIO BIUSIHUS MHTEPKATUPOBAHUS MOHTMOPHJI-
JOHUTA OMSAIEPHBIMU KOMILIEKCAMH Ha OCHOBE Jkele3a (3+).

CocTostHUIO THIPOJIU30BAHHBIX (POPM MIEPEXOAHBIX METAILIIOB JI0 He-
JTABHETO BPEMEHU YIEJISATI0Ch KpalHE Majio BHUMaHUsA. boJIbIION TOTYOK
HCCIIeIOBAHUSIM B TAaHHOM 001acTH Jai oTKphIThINA B 70-¢ rT. XX B. HO-
BBIH KJIacC BEIECTB, KOTOPHIM HA3bIBAIOT CTOJIOYATHIMU CIIOUCTHIMU CH-
nmukaramu (pillared sheet silicates), a Tak)ke monepeyHO-CIIUTHIMU (CroSs-
linked) nnu puKkCUpPOBaHHBIMU CIIOUCTBIMHM CHJIMKATaMH. DTH BEIIECTBA
OTHOCSITCSl K COeTUHEHUSIM BHeipeHus. UHTepec, MposiBICHHBIN K U3y4e-
HUIO THJIPOJIM30BAaHHBIX (POPM, OOYCIIOBIIEH TEM, YTO MPUPO]Ia HOHA-KOMII-
JexcooOpa3zoBaresi, KOHIIEHTPAIMU PEareHToB, CTETIEHh OCHOBHOCTH 71
(xomuuectBo OH -rpyrmm, mpuxosIuxcs Ha OAuH HoH Me”") OKa3bIBatoOT
00JIBIIIOE BIUSHUE HA CBOMCTBA MOJIy4aeMbIX MAaTEPHAIIOB.

OcHOBY HOBOTO THIA (PUKCUPOBAHHBIX CIOUCTHIX ATFOMOCHIIHKAT-
HBIX aJICOPOCHTOB M KaTaIN3aTOPOB COCTABUIIM TJIaBHBIM 00pa3oM MpH-
POAHBIE MOHTMOPHUJIJIOHUTBI, CHIUTHIE HEOPTAaHUYECKUMU TOJIUTUIPOK-
COKOMILJIEKCAMU MEPEXOAHBIX METAJJIOB.

VY cTaHOBIEHO, YTO MOAU(PUIMPOBAHNE MOHTMOPHIIJIOHUTA TOMO- U
reTepOosIACPHBIMU TUIPOKCOKOMILICKCAMH KEJI€3a MPUBOJIUT K MOBBIIIIE-
HUIO a/ICOPOIIMOHHBIX XapaKTEPUCTUK U TEPMOCTAOUIILHOCTH, UTO JIETAeT
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NEPCHEKTUBHBIM UX MCIOJIb30BAHUE B KaUeCTBE COPOCHTOB, KaTallu3a-
TOPOB Y HOCUTEJICH aKTUBHBIX KATAIUTUYECKUX (ha3.

[TokazaHo, yTo npu MOAM(PULIMPOBAHUN MOHTMOPHUIIIOHUTA PACTBO-
pamu, coJepKaluMu ruapokcokomiuiekesl Al, Fe u Zr B konudectse 5,
10, 15,20, 25 mr-3xB Me"'/r TIMHBL, 110 CPABHEHHIO C KCXOIHBIM 00pa3-
LIOM aICOPOIIMOHHO-CTPYKTYPHBIE MAPaMETPhl 3aMETHO YBEIUYHIIUCH C
doo1 9,2 A, Sy, 65 M/, V5 0,086 e/t o 15,57-20,36 A, 96-207 m?/r,
0,107—0,213 cM*/r COOTBETCTBEHHO.

[Ipu u3ydyeHun pacnpeneneHus o0beMa MepexoJHbIX Mop MO JHa-
MeTpam HaOJI0JaeTCs IBa YETKO BBIPAXKEHHBIX MAKCUMYMa, JICJKAIUX B
obmactsax 40-50 u 70-80 A.

Y CTaHOBJIEHO, YTO YCIIOBUSI CUHTE3a KEJIe30MOAU(PHUIIMPOBAHHOTO
MOHTMOPHWJUIOHUTA OKa3bIBAIOT CYIIECTBEHHOE BIMSHUE HAa TEPMOCTa-
OWJIBHOCTBH €r0 MOPUCTOM CTPYKTYphl. Ilpu 3TOM XapakTep U3MEHEHUs
yACIBHOM MOBEPXHOCTH 00pa3ioB, npokaieHHbIX Tipu 550°C u 800°C,
B 3aBHCHMOCTH OT JIFOOOr0 U3 BapbUPYEMBIX MapaMeTPOB OCTAETCs Ta-
KHM %€, Kak 1 JU1si COpOeHTOB, TepMooOpadboTanubix pu 120°C. Paznu-
YUl HOCAT JIMIIb KOJIMYECTBEHHBIN Xapaktep. [Ipu aTom oTMeTHM, 4TO
ONTUMU3ALINA YCIOBHUM CHHTE3a O3BOJISIET MOIYYUTh 00pas3iibl, 001a1a-
IOIAE BBICOKOW BEIIMYMHOU Sy; AaXKe IOCIE NPOKAIMBAHMUSA HMX IIPU
800°C (50-76 m?/1).

B xone nposenenus uccienoBanuii no 3(HpeKTUBHOCTH U3BICUEHUS
(eHoJ1a U3 CTOYHBIX BOJl YCTAHOBJIEHO, YTO IS IOJYYEHHS] OPTaHOMO-
TU(ULIHPOBAHHOTO COPOEHTA Ha OCHOBE CTOJIOYATOTO YKEJIe30CoAeprKa-
[IET0 MOHTMOPHJJIOHUTA C HAWTYYIIIUMHU COPOIMOHHBIMU CBOWCTBAMHU 10
OTHONICHHUIO K (eHOJTy HE0OXO0IUMO MOTU(PUIIMPOBATH €TI0 PACTBOPOM,
cofepKaM OpoOMUJT HETHIITUPUANHUS U3 pacyeTa S MMOJIb Ha | T IIIMHBI.

[ToxazaHo, uyTo 00pa3iel, MoauduurpoBanHbie 5—10 mr-3xB (Fe-Zr)/r
TJIMHBL, UMEIOT Sy, 148—160 M%/r 1 06beM Muxpomnop 0,05-0,06 cm>/r,
pU COAEpPKaHUM KOMILIEKca B oOpasie B konuuecTBe 1520 Mr-sks
(Fe-Zr)/r rIMHBI aHAJIOTUYHBIE TTApaMeTphl cocTaBsaoT 270-300 M*/r n
0,10-0,11 cm?/r. DTO CBUAETENBCTBYET O NPUCYTCTBUM 3HAYUTEIHLHOTO
KOJIMYECTBA MUKPOIIOP B CTPYKTYPE CUHTE3UPOBAaHHBIX MaTepuasioB. Copo-
IIMOHHAsl €MKOCTb MOIJIOIIEHNSI CHHTE3UPOBAaHHBIX CMEIIAHHBIX 00pas3-
IOB IIPU TEPMOOOPAOOTKE HE MPETEPIIEBAET CYIIECTBEHHBIX U3MEHEHHIH,
BILIOTH J10 Temreparypbl 600°C.

[IpencraBiieHHbIE TaHHBIE MOKA3bIBAIOT, YTO C YBEIUYEHHEM KO-
JMYEeCTBa NOJUTHAPOKCOKOMILIEKCOB Fe-Ni B pacTBope ¢ 5 Mr-3kB/T
10 20 Mr-3KB/T BenuuuHa Sy; MOAU(UIIMPOBAHHOTO MOHTMOPHUJIIIOHUTA
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HOBBIIIaeTCs ouTH B 1,6 pasza (ot 125 M2/t 10 207 M%/r). IIpu 310M COpO-
ITMOHHBINA 00HEM TIOP H3MEHSIETCSI He3HAYUTEITLHO U HE3aBUCUMO OT KOH-
[EeHTpalnu BBeIeHHBIX KoMIuiekcoB Fe-Ni B unreppaie 400-800°C nHa-
Onronaercs maato 1Js Sy; U Vs, 4TO MOXKET CIIY>KUTh JOKa3aTeIbCTBOM
BBICOKOW T€PMOCTAOMIBHOCTH 00pa3OB B JaHHOW 00J1acTH.

[IpoBeneHHbIC NCCIIEAOBAHMS TTOKA3AIH, YTO MOJU(PHUITMPOBAHUE TIIHMH
CMEIITaHHBIMH OJIMTOMEPHBIMH TIOJTUTHIPOKCOKOMILICKCAMH KeJIe3a-Xpoma
MO3BOJISIET CYIIIECTBEHHO MOBBICUTD UX aJICOPOITMOHHO-CTPYKTYPHBIE Xa-
PaKTEPUCTUKH U TEPMOCTAOUITBLHOCT.

Y cTaHOBJIEHO, YTO MPHU UCTIOIH30BAHUN CMEIIAHHBIX OJTUTOMEPHBIX
KOMIIJIEKCOB JIJIs1 (DUKCAIMH CIIOCB TJIMHBI HAPSTY C TAKUMH TTapaMeTpamMu
CUHTE3a MOHTMOPHWIJIOHUTOB CO CJIOUCTO-CTOIOUATON CTPYKTYPOil, Kak
KOHIICHTpAIUs TIIMHUCTON CyCTICH3UH, KOJTUIECTBO KOMIUIEKCA, €r0 OC-
HOBHOCTb, OOJIBIIIOE BIUSHUE HA (PU3UKO-XUMUYECKHUE CBOMCTBA MOJY-
YaeMbIX 00pa3IIOB OKa3bIBAECT COOTHOIICHUE MEX Ty METAIIIAMU-KOMILIICK-
cOo00pa3oBaTEISIMHU.

[Tpu ucnonp30BaHNY B KA4ECTBE MOAU(PUKATOPOB KOMITIICKCOB C M€-
HsromuMces cootHoruenneM Al / Fe na0mromaercs oqHa 0cOOEHHOCTD: 10-
BBHINIICHHE CO/IepKaHus Fe B cocTaBe CMENIaHHBIX THAPOKCOKOMILIEKCOB
IPHUBOAUT K yBeauueHuro Vs o6pasuos ot 0,07 cm’/r (Al / Fe =90/ 10)
10 0,15 em®/r (Al/ Fe =10/90) mpu 800°C.

CpaBHEHHE MOTJIOTUTENBHONW CIIOCOOHOCTU 00pa3IoB MO OTHOIE-
HUIO K ra3aM B 3aBUCUMOCTH OT MPUPOJBI MOJIUDUIIMPYIOIIETO areHTa
MO3BOJISIET TIOMECTUTH UX B CICAYIONINC PSIBL:

NH3 — Al < Fe-Ni < Fe-Al < Fe-Zr < Fe;
SOz — Fe-Ni < Fe-Zr < Fe < Fe-Al < Al
CsHs — Fe < Al < Fe-Zr < Fe-Al < Fe-Ni.

3aBUCUMOCTH 3HaUYCHUN Sy; MOAUPUIIUPOBAHHBIX 00PA3IIOB OT CO-
crasa [II'K 0nu3ku apyr k apyry. [locne npokanusanus npu 550°C kpu-
Bole 1 Fe-Me (Me-Ce, Y, In) npu cogepxanuu Fe ot 10 7o 100 moi. %
pakTU4YecKu coBnagaroT. CiaeaoBaTenbHO, BEIMYUHA Sy HE 3aBUCUT OT
coctaBa Fe-Me B unrepnaine coaep:xanus Fe ot 50 1o 100 mon. % u numib
npu ymeHblueHun coaepxkanud Fe no 10 u 25 moin. % Sy, cHIkaeTcst oT
120 mo 110 u 115 mM*/r cootBeTcTBeHHO. OOpaIaer Ha ceOs BHUMAHUE
TOT (JaKT, 9TO MOBBIIIICHHUE TEMITEpaTyphl mpokanuBanus oT 120 1o 550°C
CHIKAET Sy, 00pa3nos ot 180 go 120 mM?/r.

[TpuBenennbie 3aBUCUMOCTH Syx U doo1 0T coctaBa [1I'K mo3Bomsior
IIPEAIIONIOKHNTB, 4TO IpH ycaoBuu conepxanns Fe ot 100 no 50 mon. %
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(bUKCHpYIONTUE areHThl OJU3KH TI0 pa3MepaM TOMOSICPHBIM KOMITICK-
caM >keJie3a, MOJTYUYCHHBIM B CXOXKHUX yCIoBUAX. OOpa3Iisl MOHTMOPHII-
JIOHUTA, MOJU(DUITMPOBAHHBIC TETEPOSICPHBIMHU THIPOKCOKOMITIIEKCAMHU
Fe**-Me**, B nponecce TepMooOpaboTKH B MHTEpBae TemmepaTyp 120—
550°C uMeroT 10CTaTOYHO BHICOKHUE 3HAYEHUSA Sy, PU COACPIKaHUHU B CO-
ctaBe komiuiekca 40 moin. % MOHOB KeJe3a.

ITokazaHo, 4T0O pa3paboTKa HOBBIX METOI0B MOAU(MHUITMPOBAHUS TJINH
MyTEM BBEJCHUS B MX MEKCIOWHOE TMPOCTPAHCTBO MOJHUTUIPOKCOKOM-
MJICKCOB MHOTOBAJICHTHBIX METAJUIOB OTKPBIJIa HOBBIC BOSMOYKHOCTH CO-
3MTaHUS KaTAIN3aTOPOB MPEBPAIICHUS BHICOKOMOJICKYJISIPHBIX COEIIMHE-
HUW ¢ KHHETHYECKUM auameTpom > 0,9 HM, KOTOpBIE MPUCYTCTBYIOT B
TSKEBIX HEPTAHBIX (PpaKIHIX.
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