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30JIOIIVTAKOBBIX OTXOJ0B B I'EOIIOJIUMEPBI
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KiroueBble ciioBa: 6CTOH; TCOIIOJIMMEPLI; 30JI0IITIAKOBBIC OT-
XOAbI; UCIIBITAHUA; CTPOUTCIIBHBIC MaTCPpHAJIbl; 9KOJIOTUs.

AHHoOTauus: PaccMoTpensl crocoObl MOMYYEHUS! XUMHUYECKUX
BEII[ECTB M3 30J0MLIAaKOBEIX oTX0M0B (3LIO): Banamus, nuokcuma
TUTaHa, 30J0Ta, U npuMeHeHue 31O B CTpOUTENbHOU HHIYCTPUU:
IpU NPOU3BOJACTBE LUIAKOOIOKOB, KUPIIMYA M CTPOUTEIBHBIX CME-
ce171; IJ1aBaTCJIbBHBIX CPEACTB, CUTHAJIbHBIX 6yeB, cIracaTCJIbHBIX KH-
JIETOB; TIIMHO30JILHOTO KUPIHYa; NeH030J1a. BeiBHHYTa U TTpoBepe-
Ha THIIOTE3a O CO3JIaHUU IeONOIMMEPHOr0 BSDKYILETO, B OCHOBE KO-
TOPOTO JIGKUT HPOLECC aKTUBALMHU ATIOMOCHIINKATOB, MOIYyYEHHBIX
u3 31O pacTBOpamu mienoyei.

BBenenune

CylecTByOIIME TEXHOJOTUM MEepepabOoTKH  30JIONIIAKOBBIX  OTXOJ0B
(3LLHO) urparoT BayXHYIO pOJIb B YCTPAaHEHHH MPOOIEMBI 3arps3HEHMs OKpYyKa-
IOLIel cpebl ¥ MOBBIICHUH (P GEKTHBHOCTH UCIIONIL30BaHUS pecypcoB. biaro-
Jlapsi THHOBAIIMOHHEIM MeTojaM oOpaboTku u yrunusanuu 31O ynmaercs He
TOJBKO CHHU3UTh HMX BpPEIHOE BO3JCHCTBUE Ha OKPYKAIOIIYIO Cpeay, HO
Y TIONyYUTh IICHHBIE MATEPHAJIbI JUIS JTATBHEUIIIETO HCIIOIb30BaHUS B Pa3jiny-

Kosnos IlaBen 'eHHagpeBHY — acIUpaHT, MperogaBaTelb BoeHHOro y4eOHOro LeHTpa,
OI'AOY BO «/lanbHeBocTOUHBIN (enepanbHblii yHUBEpCcUTeT», BiaanBoctok, Poccus; demtok
Poman CepreeBuu — JOKTOpP TEXHMYECKHX HayK, JOLEHT, Ipodeccop BoeHHoro yueOHOro neH-
Tpa, e-mail: roman44@ya.ru, ®I'AOY BO «JlanbHeBOCTOUHBII (eaepanbHblii YHHBEPCUTETY;
IJIaBHBIA Hay4yHbI coTpyaHuK pummana OI'BY «{THUUII Munctpos Poccun JlanbHeBOCTOUYHBII
HayJHO-HCCIIE0BATEIbCKUH, TPOCKTHO-KOHCTPYKTOPCKIUH M TEXHOJOTHYECKHH HHCTHTYT IIO
cTpouTensCTBY», Bnagusocrok, Poceus; Tackun Angpeil BacunbeBud — KaHIUIAT XUMUYECKHX
HayK, 3aBeyIOIUH TabopaTopuell TEXHOJIOTHH HCIIOIb30BaHUS BTOPHUHEIX PECYpPCOB, TUPEKTOP
00O «Jlaboparopus MPUKIAAHBIX HccaenoBanuil»; dexoros JlembssH PomaHoBHY — acrupaHT
JerapTaMeHTa IPHPOAHO-OXPAHHBIX CHCTEM M TeXHOC(EpHO! 0e30MacHOCTH, HayYHbIH COTPY.-
HHK 7a00paToOpHy TEXHOIOTHI HCIOJIb30BaHUsI BTOPUYHBIX pecypcoB; Beixoaues MBan Anekcee-
BuY — crynent; Oentox ['epman PomanoBuu — crynent, ®TAOY BO «/lanbaeBocTounslii dene-
pasbHBIA yHUBEpCUTET», BiaausocTok, Poceus.

YHUBEPCUTET um. B.. BEPHACKOI'O. Ne 3(93). 2024. 19


mailto:goldwingp@mail.ru

HBIX OTPACIISiX MPOMBIIIICHHOCTH. TaKkue TEXHOIOTUH MO3BOJISIOT PEIIUTh MPO-
omemy ckiamupoBanusi u HakoruieHns 31O, a Takke COKpaTUTh pacxonbl Ha
oOpamenue ¢ HAMHU. Pa3paboTka TEXHOJOTHWH MepepaboTKH HCKYCCTBEHHBIX
3IIO wurpaer KIOYEBYIO POJb B 00ECIICUCHUN WH)XEHEPHOU 3aIlIUTHI OKPYIKalo-
mel cpeapl, O0ppOe C 3arpsA3HEHUEM M CO3AaHMM MAaTepHajoB IJISi CTPOUTENb-
CTBA, XO35IMICTBEHHOU IEATEIIPHOCTU U KWIHIIHO-KOMMYHAIBHOIO XO35MCTBA.

[Tpon3BOACTBO KOMITO3HLIMOHHBIX TEOMOIMMEPHBIX CTPOUTENbHBIX Mate-
pHaJOB HA OCHOBE CBHIPHS, UCIIOJIB3YIOIIET0 IIPOMBILIUICHHBIE OTXO/IBI TETTOBBIX
3JIEKTPOCTAHIIMHI, TTO3BOJISIET OIIPEEIUTh NEPCIEKTUBHbIE HAIIPABICHUS pellie-
HUSI SKOJIOTHYECKUX MPOOJIeM KPYITHBIX TOpoaoB [1].

BriepBeie TepMuH «reomonumep» npumenun Davidovits J. B 1978 rony,
YTOOBI OIUCATh CEMEWCTBO MUHEPAIBHBIX CBA3YIOIINX, KOTOPbIE 00JIaAal0T XH-
MHYECKHUM COCTAaBOM, IOAZOOHBIM IIEOIHMTaM, IPU 3TOM IPOSIBISIOT aMOP(HYIO
MUKPOCTPYKTYPY [2, c. 24]. ['eononumeps! mpencTaBisitoT coboil Heopranmde-
CKMM aJIOMOCWIMKATHBIM ITOJIMMEPHBIM MaTepuall, KOTOPBIM CXBaThIBACTCS
Y TBEPJICET IPH TEMIIepaTypax, OJM3KHUX K TEMIIepaType OKpyKarolei cpensr [3].

[Ipon3BOACTBO T€OMONIMMEPOB COMPOBOXKIACTCSI 3HAUUTENBLHO Oojiee HU3-
KM YPOBHEM BBIOPOCOB ABYOKHCH YIJIEPOJA [0 CPABHEHHUIO C OOBIYHBIM IOPT-
JAHILEMEHTOM, IOCKOJIbKY MX IMPOU3BOJCTBO HEe TpeOyeT KajabLIMHUPOBAHUS
W3BECTHSKA M C)KUTAHUS TOIUIMBA B Ievd. [ eomnonuMepsl IposBISIOT Ype3Mep-
HYIO yCaJKy, XOTsl U MEHbIIe, YeM MaTepHhalbl U3 MOPTIaHIEMEHTa, JaHHBIN
¢akTop HEOOXOANMO yUUTHIBaThH [4]. B oTiumume oT ruapartanuy mMopTiIaHALe-
MEHTa, IPH NPOU3BOJICTBE TI'CONOIMMEPHOH CMECH HCIIOJIB3YETCSl JIMIIb He-
00JBII0E KOJTMYECTBO BOJIBI, OJTHAKO TPEOYETCsl 4acTb CBOOOIHON BOJIBI, YTOOBI
c/eNaTh CMeCh y/1000yKIIaAbIBAEMON U OJJHOPOIHOM [5].

Bnaronmapsi IOCTOSHHOMY pa3BUTHIO U COBEPIICHCTBOBAHHIO IPOIECCOB
nepepabdoTKH 30JI0ILIAKOB OTKPHIBAIOTCS HOBBIE BO3ZMOXKHOCTH Uil 3 deKTus-
HOT'O ¥ 3KOJIOTHYECKH YHCTOTO MPOU3BOACTBA.

Kakue cymectBytoT Texnonoruu nepepadorku 31107

Ilepsoe nanpasnenue — OTyuYeHHE XUMHUUECKUX BEIIECTB.

Banaoui. B pabore [6] aBTOp oTMeuaeT: «...BaHaauii ucmonb3yercs Kak
nerupymoomas 100aBka HpPH TOIYYEHHH H3HOCOYCTOHUYMBBIX, >XKapOIPOYHBIX
Y KOPPO3MOHHOCTOMKHUX CIUIABOB, JUIS MTOJYyYECHUS! MarHUTOB. .. J[s BbIieneHus
BaHA/US M3 30JI0LIJIAKOBBIX OTXOJOB TEIUIOBBIX AJIEKTPUUYECKUX CTAHLIHUHA HC-
MOJIB3YIOT TUAPOMETAIUTYPrUYecKre 1 KOMOWHUPOBAHHBIE METOJBI UX Tiepepa-
0OTKH, COCTOSIINE U3 XUMUYECKUX MPOLIECCOB BBIIICTAUYNBAHNS [INIAMOB H BbI-
JIeJIeHHsI BaHATUICOIEpKAIUX COSTMHEHUH U3 MTOYYCHHBIX PACTBOPOBY.

Huokcuo mumana. B mabopatopuu moyie3HbIX HCKomaeMbIx [lonmnTexauye-
ckoro wuHctuTyTa CeBepo-BocTouHOro rocynapcTBEHHOTO YHUBEpPCHTETa
(Maranman) mocTpoeHa TeXHOJorH4ecKas 1enouka oboramenus 31110 — BuHTO-
BBIMU ¥ MarHUTHBIMHU CETapaTopaMy, UI03aMHU TITyOOKOTO HAIMOTHEHUS U JIp.
B kauecTBe OCHOBHOTO IIEHHOTO KOMITOHEHTA H3BIICUCHHSI Ha JAHHOM JTarle
paccMaTpuBaeTcsl AMOKCH THTaHa. OOIacTH ero MpPUMEHEHUs] — XUMUYecKas,
(dapmareBTHUECKas], CTPOUTENIbHAS, PAAHO3JIEKTPOHHAS U APYTUe OTPaCiIi Ipo-
n3BojicTBA [7].

3onomo. Nuctutyt roproro nena JIBO PAH nmpoBoauT OMBITHO-TIPOMBIIII-
JICHHBIE HCClefoBaHus 3PQPEKTUBHOCTH LEeHTpoOexHoro oboramenus 3110
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IIpumopckoit I'POC B mensax omnpeneneHus BO3MOKHOCTH M3BIEUEHHS 30J10Ta
METOAaMH I'PaBUTALMH, & UMEHHO LIEHTPOOEKHOM KOHIIEHTPALM! Ha cerapaTo-
pe LIBK-200 (r. Hapo-®omumnck) [8].

Bmopoe nanpasnenue — npuMeHeHUE B CTPOUTENBHON HHAYCTPUH.

B Poccuu cymiecTByeT psia OpeapusaTHil, AESITEIbHOCTh KOTOPhIX HANPaB-
JIeHa Ha MPOU3BOJACTBO cTpouTenpHbIX MaTepuaioB u3 31O. K ux yuciy otHO-
catea: «Cubupckas renepupytomas komnanus (CI'K) B KemepoBckoit o6na-
ctu, Peprunckas 'POC «3uen Poccms» B CBepmyioBckoi obmactu, «OcHOBa
Xoaauar» B OMckoit oomactu [9].

1. 3omonuIakoBBIE  OTXOABI MOTYT HCIOJNB30BaTbhCcsA MJI1 MPOU3BOJACTBA
CTPOUTENIbHBIX MAaTEpPUaNoOB W H3ICNUH, TaKUX KaK IIAKOOJIOKH, KUPIHYH
U CTPOUTENIbHBIE CMECH; OHU pPEealM3yIOTCs B JOPOXKHOM CTPOUTENHCTBE (IIpH
COOPY>KECHHH 3€MJISIHOTO TIOJIOTHA, AJISl YCTPOMCTBA YKPEIUICHHBIX OCHOBAHUH,
JUISL BO3BEICHUS HACKITICH, JUTsl YCTPOMUCTBA TOPOKHBIX oAexn) [10, 11].

2. KazCenosphere's — MHHOBallMOHHBIM TPOEKT MHBECT xoyauHra Kusto
Group, KOTOpBIM IPOU3BOIUT MAaTE€pUANbl C NPUMEHEHUEM ATFOMOCUIIMKATHON
mukpocdepsr (ACMIT) u3 orxomoB Akcyckoit snexTpoctannmud AO «EDK».
IIpoayKT UCIIONB3YIOT MPU MPOU3BOJICTBE IUIABATENBHBIX CPEACTB, CUTHAIBHBIX
OyeB, criacaTenbHBIX XKIIETOB U ap. [12].

3. Astopsl pabotel [13] mpemnarator mytr momHOW yrunusanuu 31O
B LIENAX MOJYYECHHS IOJIE3HON MPOMBINUICHHON MPOXYKIUH U TMpeKpalieHus
00pa3oBaHMs 30JI0IIAKOOTBANIOB. Pa3paboTana TexHomorndyeckas cxema, 1mos-
BOJISIIOIIAsl B 3HAYMTEIBHOW Mepe M3BJICUb HECTOPEBLIMK YrOJb U KEJIe30CO-
Jiep>Kaline YacTHULbl M TOJYYUTh aJTOMOCHIMKATHBIA MPOAYKT JUIS TIPOU3BOJI-
CTBa psla CTpOHMAaTepHalIOB: TJIMHO30JIBHOTO KHUPIMYA; CBEPXJETKOTO MOpH-
CTOT0 CTEKJIOKPUCTAIUINYECKOTO MaTepHrajia — IIEH030J1a; APYTHX CTPOUTENbHBIX
Matepuanos, U m3nenuit. Kpome Toro, 31110 Moryt ObITh HUCIOIB30BAHbI B Ka-
YecTBE CBIPbsI JJIsl TIyOOKOW mepepaOOTKH Ha TIMHO3eM M OEJHMTOBBIN IIIaM,
IIPY IIPOU3BO/ICTBE KEPAMHUIECKUX U3JETHUH.

4. B pabore [14] mpemioxkeHa HOBasl TEXHOJIOTH TePepadOTKH 30JI0ILIa-
KOBBIX OTXOJIOB B CTPOUTEJbHBIE MaTepHalIbl, KOTOpask MPOXOAUT B YETHIPE 3Ta-
na: 1 — obe3poxkuBanue 31O c nmomyyeHnem TBepaoro ocanka (kexa) Ha GuiIb-
TPYIOIIE MOBEPXHOCTHM M BO3BpPaTOM OCBETIEHHOW Boasl Ha TOLl;
2 — TpaHyJISIMS KeKa ¢ J00aBKaMu — CBSA3KaMHU U YriieM; 3 — JOXKHTaHue TpaHy-
JsTa B KOTJIAX KHUILIIETO CJI0s ¢ Bo3BparoM Teruia Ha TOLI; 4 — mpou3BoaCTBO
CTPOUTENBHBIX MaTEPHAJIOB U3 KAUECTBEHHOI'O MUHEPAIBHOTO CBIPHS.

WsroroBienne reomonuMepa OCHOBAaHO Ha HCIIOJIB30BAaHUU CHIIMKATa
HATPHsSI WITU CHITUKATA KallUsi, PACTBOPEHHOTO B BOZIE, U MOYKET OBITh BBITIOJIHE-
HO TIIpH TEeMIIEpaType OKpykarouieil cpenpl. [Iporecc reononuMepusanuu 1o-
JKeH obecrieunBarh CTaOMIIBHBIN JONTOBEYHBINA MPOAYKT. McHoIp30BaHNE CHIIb-
HOTO IIEJIOYHOTO PacTBOpa HEMPHEMJIEMO JUIA TEOMOJIMMEPHOTO OEeTOHa, TaK
KaK MOXKET OBITh BPEJIHBIM JIJISI CTPOUTENSI U TPeOyeT CrenralibHON TTOATOTOBKH
JUIsL MCTIOJIB30BAaHUSI HA MECTE M JUIsl MacCOBOTO NMPUMEHEHHUs. Takxke clemyeT
TG PepeHINPOoBaTh MEKITY MIETOYHO-aKTUBUPOBAHHBIMUA MaTEpUAIaMH U T'e0-
nosmmMepamu [15]. T'eonmonumepsl HE SBISIOTCS IIEIIOYHO-aKTUBHUPOBAHHBIMHU
MaTepualiaMy, U TEONOJUMEPU3ANNSI OTIIMYAEeTCAd OT IIEJIOYHOW aKTHBalLlWU.
B oTnuumne ot 60IBIIMHCTBAa KEPAMUYECKUX MaTEPHAJIOB, B KAUECTBE apMaTypbl
B TEOINOJUMEPE MOXKET HMCIOJIb30BATHCS LIMPOKUN CHEKTP BOJOKOH, BKJIIOYAs
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OpraHMYECKUE BEIIECTBA, IOCKOJBKY TeMIlepaTypa CHHTE3a TI'€ONOIMMEPOB
0JIM3Ka K TeMITepaType OKpPYKaroIIe Cpe/Ibl.

Llenv uccnedosanuss — n3ydeHne HAyIHO OOOCHOBAHHOTO TEXHOJIOTUIECKO-
ro cmocoba MpPOM3BOACTBA T'EOMOJIMMEPHBIX CTPOUTENBHBIX MaTepHANlOB st
pEIIeHus TE0IKOJIOTHIECKOH 3a1a4l YTHINU3AI[UH 30JI0ILUTAKOBEIX OTXOJIOB.

Jst nocTKEeHNs TOCTABICHHOM LIEH PEIIANCh CIEAYIONNe 3a0ayu:

1) ompenenuTh NePCIEeKTUBHBIE CIIOCOOBI M3BJICUCHUSI KOMIIOHEHTOB CTPO-
uTenbHBIX MaTtepuanoB u3 31O 00bEKTOB TEII0IHEPTETHKY;

2) MPeUIOKUTh TEXHOJOTHYECKHNE PEXKHUMBI ITPOM3BOJICTBA TEOMOINMED-
HBIX CTPOUTENBHBIX MaTepuanoB u3 311O;

3) OLEHUTH BO3MOKHOCTh IPUMEHEHHSI T€OMOIMMEPHBIX OETOHOB B CTPOU-
TEJIBbCTBE.

MaTepI/IaJIbI H METObI

30/I01ITAKOBBIE  OTXOZbl, OYMIICHHBIE OT HENOXOIa M METaJUIMYECKHX
BKPAIUICHUN, IPOKAJIMBAJIUCH B IIE€UYH MPHU BBICOKOU Temmeparype. 3atem 31O
MoABEprajiuch 00pabOTKe IIETOYHBIMH pPACTBOPAMH W ABTOKJIABUPOBAHUIO.
CocraB cMecell A7l TOMYYEHUsI TEOMOJIMMEPHOTO OETOHA TOCTYKUJI OCHOBOIA
Uit popMUpoBaHUs 00pa3ioB-ipu3M pazmepom 160 x 40 x 40 mm. Ilocne BrICy-
MIUBaHUS 00Pa3IIBI-IPU3MBI UCITBITHIBAIIICH HA PACTSDKEHUE TIPH U3rnde Ha 00opy-
noBaanu PIM-1000-A. 3arem 9acTu TIpuU3MBI IOMEIIAIN B JTAOOPATOPHBIN TIpecc
MC-1000 u moaBepraiy UCTIBITAHUIO HA CKATHE TIOKa HE MIPOHU3ONUIET €ro CIIOM.

[Iporecc oGpa3oBanus reonoJuMepa 3aKJII0YaeTCsl B CAEAYIONIEM: aKTHB-
Hele Si0; u AlpO3 B cbIpbe CHayana pacTBOPSAIOTCS] B pacTBOPE IIENI04H ¢ 00pa-
30BaHMEM aMopQHBIX MOHOMEPOB Si u Al, a 3arem moHomeps! Si u Al moasep-
rafoTCsl peaKiuM MOJMMEpU3ali ¢ O0pa30BaHHUEM T'€ONOJIMMEPHOTO TeJs,
Y T€OTOJIMMEPHBIN TeIb U WHEPTHBIE YaCTHUIIBI CHIPhS CIIUBAIOTCS ¢ 00pa3oBa-
HHEM Teoronumepa.

MHuorue uccnenoBarenu [16 — 18], u3ydass XUMHUYECKYIO CTPYKTYpy I€o-
MOJIMMEPA, PACCMaTPUBAIOT €ro KakK aJIOMOCHJIMKATHBIA Te€jb, COCTOSIIUN W3
CBSI3aHHBIX ANIOMUHATHBIX M CHJIMKATHBIX YaCTHUI], K KOTOPOMY TNPEIbSBISIOTCS
orpezieieHHbIe TpeOOBaHMS N0 MPOYHOCTH U nopuctocTr. Co3aaHne TEXHOIOTHI
TeONOIMMEPOB CBSI3aHO C BO3MOXKHOCTBIO NPOU3BOJHUTH BSDKYIIME Ha OCHOBE
31O TenaoBbIX 3MEKTPOCTAHLUMN U IPYTHUX MPOMBIIIIIEHHBIX 0TX00B [19, c. 5].

B cratbe [20] aBTOpBI monTBepkaatot, uto 3O Ha 70 % cocrout uz Al,Os3
u SiO, — OCHOBBI T'eOIONIMMEPa, U BO3MOYKHOCTh M3TOTOBIICHHUS T€OMOIMMEPHOTO
0eToHa Ha OCHOBE KOMITOHEHTOB, H3BjIeueHHbIX 13 3LO.

ITonydenue reomonumMepHoro Oerona Ha ocHoBe 3O mpoucxoauT B
OIpeieIEHHOMN MOCIEI0BaTEIbHOCTH:

— TIPUTOTOBJICHHE PACTBOpa aKTHUBATOPa, CMEIIMBAHHE B CyXOM BHJE 3a-
MIOJIHUTENEN U OTOACGKEHHON 30JIbI, BBEJICHHE B CyXYIO CMECh aKTHBATOpa, Iepe-
MEIIMBaHHE;

— IPUTOTOBJICHUE pacTBOpa aKTHBAaTOPA, BBEAECHHUE 30JIbI, IEPEMEIINBAHME,
BBeZICHHE MO0ABKM IIIIaKa, MEpPEeMEIINBAaHNE, BBEIEHHE MEJIKOTrO 3aIllOJHUTEI,
NepeMeNIBaHNE, BBEJICHNE KPYITHOTO 3aIIOJTHUTENS, IEPEMEIINBAHHE;

— IPUIOTOBJIEHUE PAacTBOPA aKTMBATOpPa, BBEAECHUE 30JIbl, IIEpEMEIINBAHUE,
BBEJICHUE 3aMOJIHUTENEH, TepeMeIInBanue [2].
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Hcxomnplit MaTeprall MOJDKEH OBITh OOTaThIM KpeMHHEM Si WIIH aTFOMHHH-
eM Al i 06ouMH U3 HUX. DTO MOTYT OBITH IPUPOIHBIC MUHEPAJIBI, TAKHE KaK
KaOJIMHMT, IJIMHA U APYTHe, WIK TEXHOTEHHbIE OTXOAbI — 30J1a-yHOCa, 30J1a PU-
coBoit menyxu, 31O u 1.1. s cunTe3a reomoaumepa MOTYT OBITh UCIIOJIB30-
BaHp! menounas cpexa (Na*, K, Li*, Ca® u T.1.) unm cpeaHue KMCIOTHI, Takue
Kak (ochopHas KUCIOTa WM T'YMUHOBas. B 1menouHoi cpeae mpouecc reomno-
JUMEPU3ALUU POUCXOTUT, KOTJa OKCUIBI KPEMHHUS U aTIOMUHHEBBIX MUHEPA-
JIOB WM ATIOMOCHJIMKATOB PEarupyroT CO INEJIOYHBIM PAacTBOPOM C 00pa3oBa-
HHUEM MOJIMMEpPHBIX cBszel Si—O—Al.

PeakumoHHbIe IpoLEcCH B reONOIMMeEpax (Peakuyy I'e0noIMMepU3alin)
B OCHOBHOM CBSI3aHBI C TPEMsI ITPOLIECCaAMMU:

— pacTBOPEHUs], B KOTOPOM IIEJIIOYHOH PAcTBOP PACTBOPSET aTFOMOCHIIH-
KaTHOE ChIpbE [T BEICBOOOXKICHUS B CMECH YACTHIL aJIFOMUHUS U KPEMHUS;

— KOHJIGHCAllUM, B KOTOPOM QJIIOMHUHATHBIE M CHJIMKATHBIE MOHOMEPHI
MIPUMBIKAIOT APYT K APYTY IIyT€M COBMECTHOTO pa3/eieHHsI aTOMOB KHCIOPOAa
¢ 00pa3oBaHKEM OJUTOMEPOB U 00pa30oBaHUEM OoJiee KPYITHBIX CETeH;

— IepEeHacHIICHNs CMECH aTIOMOCHIMKATHBIM TrejieM (KOTOpBIM M3Havallb-
HO 00OTaIleH CBA3SIMH aTFOMHIHIS).

B naGopaTopuu TEXHOJIOTHI HCIIOJIB30BaHUSI BTOPUYHBIX pecypcoB IBDY
30JI0IIUIAKOBAs] CMECh TEIJIOBOW 3JIEKTPOCTAHIMM, OYHMILIECHHAS! OT HENOXKOra M
MeTaJUIMYECKUX BKPAIUICHHH, MpOKaluBaiack B meun mpu temmeparype 800 °C
B TeueHue 1 cyrok. [locne octeBanms 31O monBepramack 06paboTKe MIEIOY-
HBIMH PacTBOpPaMHU U aBTOKJIABUPOBaHUIO MpH Temmeparype 220 °C u gaBneHun
1,5 MIla. Ilo okoHYaHWU aBTOKIIABUPOBaHUS B peakTope chopMUpOBaiCs Ty-
ctoii ocanok (TCB) u xxunkas yacts (ACB).

CocraB cMmeceii (Tabmn. 1) s monydeHus reornoJMMepHOro OeTOHA MOCTy-
JKUIJI OCHOBOW J1s1 (POPMHUPOBAHUS IKCIIEPUMEHTAIBHBIX 00Pa3IOB-TIPH3M ITy-
TeM yKIaaku B Gpopmbl pazmepom 160 x 40 x 40 mm. Jlanee oHM moaBepraiuch
BUOPAIIMOHHOMY YIUIOTHEHHIO, a IIOCJIE€ BBICYIIMBAINCH B CYIIMJIBHOM IIKady
npu temnepatype 70 °C B reuenue 70 u.

B Tabnuie mpenctaBieHBl CMECH: MapKHUpOBKa M — HAIOJIHHUTENH 30714
U TECOK, cBs3ymomee BemecTso — ACB; MapkupoBka @ — HamonMHHATENb 30714,
ceszytoniee BemectBo — ACB, TCB u kpemHe3eM.

HcnbiTanue nposoawnoch Ha obOopynoBanmu ¢ummana GI'BY «JHUU
Munctpost Poccun JJaneHUMCy. O0pa3upl-npu3Mbl MPSIMOYTOJIEHOTO CEYeHUS
pasmepoM 160 x 40 x 40 MM 3aKpeIUIIOTCS Ha 00OPYIOBAHUU MAIIWHBI HCIIBI-
TaTenbHO yHUBepcanbHO PI'M-1000-A nns npoBeneHus UCTIBITAHUS HA pac-
TsDKeHHe TpH u3rude (puc. 1).

Taodmuma 1
CocrtaB cMecH 11 MOJIyYeHHs reonoaumepa, %
Mapxuposka 3oma ITecox ACB Bona | Kpemuesem | TCB | NaOH
00pasios MpOKaJeHHAas
M7 17,10 55,26 | 17,11 | 10,53
M8 18,57 55,72 | 18,57 7,14 -
M9 18,80 56,10 | 18,80 6,30
D1 50,00 17,50 | 21,90 0,50 2,30 | 7,80
@3 49,50 - 18,00 | 20,50 4,20 | 7,30
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Puc. 1. Mammna uenbirarenbuas Puc. 2. JIaGopaTopHbIii HCOBITATEIbHbII
ynuBepcaabHas PI'M-1000-A npecc MC-1000

B nentp mponera 3akpemieHHOro oOpaslia OKa3bIBaeTCs BO3pacTarollee
ycuiue moka o0pasell He CIIOMaeTcsl Ha JIBe 4acTH. MakcuMasbHble MOKa3aHUs
(huKCHpYIOTCS U 3aHOCATCS B TaOII. 2.

3areM KaXAYI0 W3 pa3[elleHHBIX YacTel IMOMEeIaT B J1a00paTOPHBIN HC-
neiTatenbHbiil mpecc MC-1000 1 noaBepraroT UCMBITAHUIO HA C)KaTHE MOKa He
Mpou30ieT ero ciaoM (puc. 2). 3aTemM nokazaHusi GUKCUPYIOTCS U TaKKe 3aHO-
csATCA B TaOJl. 2, a 1O MOJIyYCHHBIM PE3yJIbTaTaM HCIBITAaHUSI AEJIAcTCsl BHIBO.
4 3 MNpEACTABJIICHHBIX NAHHBIX BUAHO, YTO CYHICCTBYCT U3BMCHCHUE YPOBHS IIPC-
JICJIOB MTPOYHOCTH TMPU MOIUGUITUPOBAHUHM MACCOBOM JIOJIH IIEIOYHOTO aKTHBA-
TOpa, 3a CYET BBICBOOOXKICHHS KATHOHOB IIEJIOYM, YK€ HaXOISIINXCS B
AITIOMOCHUIIMKATHOM MaTe€puaJic, Ipu yYBEJINYCHUN BPEMCHU MEXaHOAKTHBAIlUU.

Tabnuma 2
HcnbiTanue 06pa3unos reonoumepa
Homep Ipenen mpounoctu npu cxatuu, KH | TIpenen npounoctu
obpasia Macca, r 1 yacth 2 4acTh MpY U3rHU0Oe, KI'c
1 2 3 4 5
M7
1 437,97 17,7 17,6 217
2 441,78 16,4 14,1 157
3 440,81 13,4 13,4 184
4 440,12 18,4 12,8 184
5 456,29 12,0 13,2 200
6 435,01 15,2 16,5 185
M8
1 445,50 19,2 10,8 267
2 416,71 26,8 25,2 284
3 418,20 20,4 27,6 272
4 460,52 31,6 29,8 352
5 459,17 34,1 26,0 322
6 453,80 19,4 20,8 292
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Ipooonacenue maon. 2

2 3 4 | 5
M9
1 443,82 11,4 14,0 121
2 445,71 11,8 14,0 185
3 416,13 19,3 14,2 50
4 435,75 14,8 20,8 189
5 432,81 16,4 17,7 273
6 437,69 225 16,5 234
@1
1 337,56 27,6 25,8 38
2 335,10 26,8 21,6 20
3 339,37 20,4 26,0 20
4 330,09 224 228 19
5 332,08 22,6 23,0 19
6 338,55 19,6 23,6 15
@3
1 334,45 33,7 36,0 112
2 342,68 36,2 35,9 150
3 339,55 30,1 45,2 194
4 347,94 32,9 42,8 100
5 335,48 34,8 37,6 162
6 340,23 35,3 48,4 196

Pe3yabTaThl M 00CyxkI1eHUA

JlaGoparopueill TeXHOJOTUH MCIOJIb30BaHUSI BTOPUUHBIX pecypcos [IBOY
BBIIBUHYTa U IPOBEPEHA T'MIIOTE3a O CO3IAaHHM T'€OIOJIMMEPHOIO BSDKYILETO,
B OCHOBE KOTOPOTO JISKUT MPOLECC aKTUBAIIMU aTIOMOCHUIMKATOB, TOTyYEHHBIX
u3 3O pactBopamu mienodeil. B pe3ynprate maHHOTO MpoIiecca MOIydaeTcs
TBep/as aJlOMOCHIMKATHAs CTPYKTypa, OX0Xasl Ha KaMeHb (pHc. 3), HO OTJIH-
YaroIasAcs OT MOPTIAHILUEMEHTA OTCYTCTBUEM IpOLECCa TBEPACHUS M3-3a TH-
paTalnuy MOHOB KaJbLIHA.

B pesynpraTe mpoBeNeHHBIX WCIBITAHUM IMOJYYEHBI JaHHBIE, CBUICTEIb-
CTBYIOIIHE O CJIEAYIOIEM:

— OCHOBOW TEOIOJIUMEPHOTO OETOHA SIBJISIOTCS| MPOMBIIIJIEHHBIE OTXOJIBI,
takue kak 31O, To ecTh B KauecTBE OCHOBHOTO MaTepuania ajs MPOU3BOJCTBA
TeONOJIMMEPHBIX BSDKYIIMX MOXET OBITh HMCIOJIB30BaH JIIOOOH Marepuai, co-
CTOSIINI B OCHOBHOM M3 aJIFOMOCHJINKATA;

— B Ka4eCTBE aKTUBATOPOB IIPOLIECCa OTBEPXKAEHHS MOTYT OBITH HCIIOIB30-
BaHBI THAPOKCHIBI MIETOYHBIX METAJUTOB — HATPHUS M KaJIHsl, U UX CHIIUKATEI,

—reonoiuMepsl Ha ocHoBe 31O XxapakTepu3yroTCsl BBICOKOW SKCIUTya-
TAllMOHHOM CTOMKOCTBIO K CYIIECTBYIOIIUM BHIAaM Pa3pyLIUTENBHOTO BO3AEH-
CTBUS OKPY>Kalolen CpeIbl.
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Wcnonp3oBaHue 1 COIIOJIMMCPHBIX
BsDKYIIUX Ppas3sjIM4YHOro COoCTaBa ITO3BO-
JSIET CO3aaBaTh KOMIIO3UITMOHHBIC Ma-
TEpUAJIbl C 3alaHHBIMHA (I)I/I3I/I‘IGCKI/IMI/I,
MCXaHUYCCKMMU U IKCIUTyaTalluOH-
HBIMU CBOf/iCTBaMI/I, HO 1A MMOJTy4YCHUA
3aIaHHOW  CTPYKTYpHl  HEOOXOIMMO
HaYy4YHOC o0ocHOBaHHE cocTaBa, T€ope-
Puc. 3. B3BemnBanue oopa3na-npu3Msbl TUYECKHUHI ¥ DKCIIEPMMEHTAIbHBIN MO -

reornoJMMepoB, OAT0TOBJIEHHOTO OOp TEXHOJIOTHI MPOU3BOACTBA TEO-
K UCIIBITAHUIO HA PACTHKEHUE HOJ‘II/IMGPOB.

npu u3rude

3akiaouyenue

I'eononmumepHsIe cTpouTensHBIE MaTepransl Ha ocHOBe 31O TOC moryt
OBITh HMCIOJIb30BAaHBI HA PA3JIMYHBIX 00BEKTaX CTPOUTEILCTBA, a CaMO IIPOM3-
BOJICTBO T€OIMOJIUMEPOB ITOMOTAE€T COKPATHTh KOJMYECTBO OTXOJOB, CHHU3HTH
MPOU3BOJCTBEHHBIE 3aTpaThl M CO3AaTh OoJiee IKOJOTWYHBIE W JOJITOBEYHEIC
Matepuanbl. Takum 00pa3oM, TEXHOIOTHS IPOHU3BOJICTBA TEOIMOIUMEPOB U3
31O sBnstercs 3G GEeKTHBHBIM CIIOCOOOM HUCIOJIB30BAHUS OTXOJ0B IPOU3BO/I-
CTBa M CO3J]aHMSI HOBBIX JKOJOTHMYECKH YHCTHIX MarepuaiioB. CiemayeT oTMme-
TUTb, YTO 30JIa SBJISIETCS OTXOJIOM, & TEXHOJIOTHS TPOM3BOJICTBA [€ONOIUMEPOB
13 30JIBI HE TIPEJIIOJIaraeT CII0Ib30BaHUs BEICOKOTEMIIEPATYPHOTO O0XKHUTA.

PesynbTathl nccnie10BaHUs TOKA3BIBAIOT:

1. Tepepabotky 31O Ha mpeanpUATHIX TEIUIO3HEPTETUKH C IEbI0 T0-
Jy4eHUs TOJIE3HBIX KOMIIOHEHTOB HEOOXOJMMO BECTH B HANpPABICHHSX MOJY-
YEeHUSI XMMHUECKUX BEIECTB M CO3/IaHUSI T€ONOIMMEPOB.

2. JIas TpOU3BOJCTBA TEOMOIMMEPHBIX CTPOUTENBHBIX MAaTEpHUaNoB H3
31O HE00XO0IMMO HCTOIK30BATH MPOKAJIEHHYIO 30JIOIIIAKOBYIO CMECh TEILIO-
BOM DJIEKTPOCTAHIIMK, OYMIIEHHYIO OT HEJI0KOTa M METAIIMUECKHX BKparuie-
Hull, rycroit ocanok (TCB) u xunkyio gacts (ACB), nomyueHHbIE TIOCTE BapKH
30JI0IUIAKOBBIX OTXOJIOB B ABTOKJIABE.

3. I'eononmumepHbIe OETOHBI B CTPOUTENHCTBE PEKOMEHAYETCS IPUMEHSTh
B Ka4eCTBE KAMEHHBIX MaTepPHAIIOB U MAaTEPUAIIOB JJIs IEGKOPATUBHOM OTAEIKH.

Paboma evinonanena 6 pamkax eocyoapcmeennoco 3adanusi Uncmumyma
xumuu J[BO PAH, mema Ne FWFN(0205)-2022-0002.
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Promising Technologies for Processing Ash
and Slag Waste into Geopolymers
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Abstract: Thanks to the improvement of ash and slag processing
processes, new opportunities for efficient and environmentally friendly
production are opening up. The first direction is the production of
chemicals: vanadium, titanium dioxide, and gold. The second direction is
application in the construction industry: production of cinder blocks, bricks
and building mixes; production of swimming equipment, signal buoys, life
jackets; production of alumina bricks; foam. A hypothesis has been put
forward and tested on the creation of a geopolymer binder based on the
process of activating aluminosilicates obtained from ash and slag with
alkali solutions.
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