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OunineHHss BoaM Big O0apBHUKIB MOJAM(PIKOBAHUMN
KepaMidyHUMHI MeMOpaHaMM 3 TJIMHUCTUX MiHepaJiiB

Busnauerno ochosHi 3aK0HOMIPHOCTE TPOUECY 0MUWEHHA 600U 610 AHIOHWHUL | KATMIOHHUT 6ap6-
HUKIE8 HA NPUKAAOL NPAMO20 YEPBOH020 MG OPUALAHINOB020 3€AEH020 34 JONOMO2010 BIMYU3HA-
10T MiKkpoPiabMPayitinol mpybuacmoi Kepamiuvrhoi Memopary Ha 0CHOBT 2AUHUCTUT MIHEDANIS,
wo modudpirosana zidpoxcoromnaexcamu AlPT. ITokasana eucoxa edexmusnicms ovuwera
800U 8i0 NPAMO20 4EPEOH020 6 wWupokomy iwmepsani pH (4,8-9,5) i 6pusvanmosozo senero-
20 6 xucaomy (pH 4,8-5,2) i ayorcnomy (pH 9,0-9,5) cepedosuwax. 3pobaeno 6uchoox npo
doyinbHICMD BUKOPUCMAHHA MAKULT MEMOPAH OAA OMUUEHHA 600U 610 AHIOHHUX 1 KAMIOHHUL
bapeHUKIB 3G NESHUL YMOS.

Ka104086t caoea: OUAIIEHHS BOIM, MOANMIKYBAHHA KEpaAMIdHIX MEMOpaH, JUHAMITHI MeMO-
panu, Mikpodiabrpanis, rigpokcocnonykn AT, karionni Ta npsvi 6apBHEKML.

Ha croromui B TexmHoJIOrIT BOMOOUUIIIEHHS ITUPOKY IOIMY/ISPHICTH HAOYBAIOTH MeMOpPaHU, 10 BU-
rOTOBJICH] 3 HeOprauivHUX Marepiais |1, 2|, HajfimomupeHimuMy peJICTABHIUKAME SIKUX € Kepa-
Migai MemOpanu. [nTepec /10 MpOro Kjaacy MeMOpaH BUKJIUKAHUN MOXKJIMBICTIO TX eKCILIyaTallil
B arpeCHUBHHUX CEPEIOBHINAX 1 B 00JACTI BUCOKHUX TEMIIEPATYP, CTIMKICTIO 10 MIKpOOPTaHi3MIB,
MPOCTOTOIO IX pereHeparii Ta mesundekii. Tepmin exciutyararii Takux MeMOpaH MPAKTUYIHO
HEOOMEXKEHMUIA.

Bukopucranus kepamMigHux MeMOpaH € IePCIEeKTUBHUM JIJIsI 0araTboX rajry3eil rocioIapcTBa,
B SIKNX BUHUKAE HEOOXITHICTH OUYMINEHHS BOJAW Bil OPraHivHNX pPEYOBHMH, 30KpeMa OapBHUKIB.
OjHi€r0 3 TAaKUX Tajy3eil € TEKCTUIbHE Ta (papMalleBTUIHEe BUPDOOHUIITBA, sIKi XapaKTepU3yThCs
3HAYHUME O0CATAMHU CTiYHUX BOJI.

s BupiteHHst i€l eKoJIOriIHOT TpobsieMu e(beKTUBHUM MOXKE CTATH BUKOPUCTAHHST MiKPO-
dinprpaniifHux KepamMidHuX MEeMOPaH y BUIJISAAI MOPUCTUX TPYOOK, 10 MoaudikoBaHni pisHUMEI
peuoBnramu |3, 4]. OgHak cucreMaTHIHUX JIOCII/PKEHDb BIIHOCHO MOANMDIKYBaHHS KepaMidHIX
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MiKpodiIbTpaIifiuux MeMOpaH, M0 € MEePCHEKTUBHUM HAIIPIMKOM MOJHMIIICHHS 1X PO3III0BUX
BJIACTUBOCTEN, Maiiyke He NPOBOIMIOCH. TOMY Ha CHOI'OJIHI HarajbHa IOTpeda y IPOBEIeHH] Ta-
KUX JIOCJIIZKEHBb € HaJA3BUYANHO aKTyaJbHOIO.

MikpodinbTpariitai kepaMiuai MeMOpaHM BHACIIZOK BEJINKOI'O CEPEIHBOTO iaMeTpa Iop
(0,6-0,8 MKM) OPaKTUIHO HE 3aTPUMYIOTH OPraHiuHI PEYOBMHHU, 30KpeMa OAPBHUKM PI3HUX Xi-
MigHEX KjaaciB. Tomy Taki MeMOpaHu MOMLIBHO MOAMMIKYBATH 3 METOIO 3MEHIIEeHHs JiaMeTpa
[OP 3 By3bKUM PO3MOJILIOM X 3a po3mipamu. Bimomo [5-7], mo sik mogudikaropu st Mikpo- Ta
yabTpadiIbTpAIIiHIX TOTIMEPHUX 1 KepaMiTHUX MeMOpaH 1acTO BUKOPUCTOBYIOTH I IPOKCOKOM-
wiekcn MetadiB. Jjist Takoro momudikyBaHHS TepedadacThesd (POPMyBaHHS Ha MOBEPXHI Kepa-
MIigHEX TPYOOK JAMHAMITHUX MEMOpPAH 3 JMUCIIEPrOBAHUX Y BOJI TiIPOKCOKOMILIEKCIB IepexiTHux
METaJIiB, sIKi CTBOPIOIOTH JOJATKOBHUI Oap’ep HjIsi 3aTPUMKHU JIOMIIIOK.

Merta mocJtimKeHHs ToJIAraga y BU3HAYEHHI OCHOBHUX 3aKOHOMIPHOCTEM MPOIECY OYUUIIEHHS
BOJIM BiJl OPraHivHUX PEYOBUH Ha MPUKJIAIl aHIOHHOTO Ta KaTiIOHHOIO OAPBHUKIB, 30KpeMa Bij-
MOBITHO MPSAMOT0 YE€PBOHOTO Ta OPUIBLIHTOBOTO 3€JIEHOTO, BITUN3HIHUMEI MiKpodinbTpariinumu
TpybdacTHMU KepaMidHUMHU MeMOpaHaMu i3 TJIMHUCTUX MiHepaJiB, Mo MOIugIKOBaHI IiIpoKco-
Komiutekcamu AP,

Monmudikypants kepaMigaux TpyOOK moJsAraao y popMyBaHHI Ha IX MOBEPXHI TOIATKOBOrO
BF. st Bu-
3HAYEHHsT 3aTPUMYIOUO] 3/IaTHOCTI CpOPMOBAHUX NUHAMIUHAX MEMOpPaH y HMOYATKOBHUI PO3UNH,
1o pUIBTPYBABCH, J0/IaBAM AHIOHHUN 1 KaTIOHHU OAPBHUKH BiIIIOBITHO MPSAMUN YepBOHUIL Ta

3aTPUMYIOUOr0 IMIapy y BUNIS JAUHAMIYHOT MeMOpaHu i3 TiJIpOKCOKOMILIEKCIB A

OPMIIBLSTHTOBHUI 3€JIeHNUIA.

Komnnenrpariito 6apBHUKIB y po3YnHAX BU3HAYAJIN 38 JOIOMOIOI0 (POTOEJIEKTPOKOJOPUMETPA
KOK-2MII. 3uauenns pH nmouarkoBux posumuiB KoperypaJu jgomaBarasy kKuciaoru HCL i syry
NaOH.

Bunpobysannsg moaudikoBaHUX KepaMivHUX MeMOpaH 3xaificHioBan Ha jabopaTopHiit 6apo-
MeMOpaHHIN YCTAHOBII, 110 IPAIFOBAJIA B IPOTOYHO-PEIUPKYIIsiiiiiromy pexkumi [8]. Pozuun, 1o
OYMIILYBaBCsI, IIPOTIKAB i THCKOM y PEXKUMI PENUPKYJIAIIT B30BXK 30BHIIIHBOI TOBEPXHI TPYOKH
Ta QiabTpyBaBcd B 11 cepeuHy i BUBOAMBCS i3 Hel 3 TOpIeBoro 60Ky (piibTpa.

Posinosi xapakrepuctuku MojudikoBaHIX KepaMidHux MeMOpan: Koedirient 3arpumMku (R,
%) GApBHUKIB, & TAKOK MMTOMY TPOAYKTUBHICTD (J,,, M°/(M? - ros)) MemGparn [9], BusHadamm Ha
OCHOBI JIaHUX, M0 Oy oTpuMaHi B Xoi ekcriiepumenTiB. Ciiii 3a3Ha4nTH, M0 HeMOIMbIiKOBaHA
MikpodinbTpariiiina KepamigHa MeMOpaHa, i3 TVIMHUCTUX MiHEpaJIiB MPAKTUYIHO HE 3aTPUMYyBaJIa
3a3HaveHl OAPBHUKMU.

Y pobori [10] mokazamo, mio jguHamiuHa Membpana, sika cdopmosana mpu pH 4,8-
5,0, ckiamagacs mepeBaykHO 13 HaiApibHimux wactuHoK (1,4-1,7 HM) riZpOKCOKOMILIEKCIB
[A11304(OH)24(H20)12]7+ i BUSIBJIsIJIA CBOIO 3aTPUMYIOUY IO 3TiAHO i3 CTEPUYHUM MEXaHIZMOM.
ITpu pH pozunny mmxte 4,6 KLIBKICTb TAKAX TiIPOKCOKOMILIEKCIB OyiIa HEJIOCTATHS JjIsI POPMY-
BaHHs e(PEeKTUBHOI JuHAMITHOT MeMOpanu, a 31 3poctanasm pH Burie 5,2 npu 36i/1bIieHni pajiy-
ca JYacTUHOK (popMyBaJiacsa IuHaMidHa MeMOpaHa 3 BEJIUKOIIOPUCTOIO CTPYKTYPOoIo. TakoxK Bimo-
13F snaxoaurses B inrepsari pH 6,5-7,5,
TOOTO IPU MEHIHUX 3a I1i 3HadYeHHaX pH JacTuHKM MaioTh HO3UTUBHUI 3apsl, a IPU OLIBIITNIX —

Mo [11], 110 i30€es1eKTpUYHA TOYKA I'JIPOKCOKOMILIEKCIB A

HeraTUBHUN.

gk BuzmHO i3 puc. 1 (kpusa 1), npu oummenni posunsy, skt Micras 350,0 Mr/qm® mpsMoro
4epBOHOTO, KepaMiuna MemGpana, o Moxudikosana rigpokcokomizekcamu AlPY, B niamasoni
suadenb pH 4,8-9.,5 npu pobouomy tucky 1,2 MIla nporsirom 5 roji mpakTUIHO MOBHICTIO 3a-
TpuMyBaJia 1eit 6apBHUK. Taknii BUCOKUH edeKT 3aTPUMKU IPSMOr0 YEPBOHOIO IIPU 3HAYEHHAX
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Puc. 1. Banexuicte koedinienta 3arpuvkun R 6apBHUKIB npsimoro 4epBonoro (1) Ta GPUIIBIHTOBOrO 3€JIEHOTO
. . 7 ! . . . . .

(2), a Takoxk mmromoi npoxykrusHocTi Jy (1, 2') moaudikoBanol kepamiunol membpanu Bix pH moyarkosoro

pO3YHHY

pH #mxkue 6,5-7,5 MO2KHA TOSICHUTHU, OYEBUJIHO, CTEPUIHUM (DAKTOPOM, a TAKOXK aJICOPOIIIHHO0
B3aEMOJII€I0 OPTaHIYHUX AHIOHIB 3 HO3UTUBHO 3aPSKEHUMU YACTUHKAMU T'iJIPOKCOKOMILIEKCIB
AIPT Ta mosasbInoo acorjarieio MoseKys 6apBHIKa Ha MeMbpani. Brcoke snadennsi R GapBH-
Ka B i30€JIKTPUYHi#l To4I 1OB’sA3aHe 3i cTepuaHUM (PAKTOPOM i ACOIIAINEI0 MOJIEKY/T DapBHUKA.
[Ipu 3nagenusx pH nounasn 6,5-7,5 BigOyBastacs nepe3apsika i mogasbiie 3pOCTaAHHS HETATUBHOTO
sapsiy rigpoxcokommiekcis AI3Y. Ba mux ymos saTpumMka GapBHEKa 06y MOBICHA CICKTPOCTAT-
IHUM BIiJIIMITOBXYBAHHAM MiK OJTHOIMEHHO 3aps?KEHIMU YaCTUHKAMHA ' TPOKCOKOMILIEKCIB AP
Ta aHiOHAMU OApBHUKA, 8 TAKOXK ACOILAITIEI0 HOr0 MOJIEKYJI.

[Mlo cTocyeThcst OPUIBLAHTOBOIO 3€JIEHOT0, TO ITPY HOTr0 KOHIIEHTPAIll B TOIATKOBOMY PO3YH-
ui 20,0 mr/ AM> Ta THIIMX AHAJIOM YHIX ymoBax B inTepsaji pH 4,8-7,5 BinbyBajocss 3MeHIIEHHS
sHaveHHst R GapBHuKa (auB. puc. 1, Kpusa 2), 1110, OYEBUIHO, [IOB’S3aHO 31 CTEPUYIHUM Ta 3a-
PSIJIOBUM MeXaHi3MaMHU.

13+ cnocrepiramocs miniMasibhe 3HadeHHs R I1HOro

B izoeslekTpuaHiit ToU Tigpocnosyk A
OapBHUKA BHAC/IIOK BIJCYTHOCTI 3apsijiy Ta 3POCTAHHS CEPEJIHBOIO JiiaMeTpa Mop MOIUMIKYyIO-
voro mapy. Ilpu momanbimomy 36inbinenti pH mouarkoBoro posumnny 3pocrasio 3uadenus R Opu-
JIbSTHTOBOTO 3€JIEHOTO (1uB. puc. 1, KpuBa 2) y pe3y/abTaTi mepe3apsiiKu HOBEpXHi AMHAMITHOL
MeMGpanu 3 rigpokcocnionyk AT i mposiBy azcop6riiinol B3aeMouii MixK HuMHU i OprapidHEME
KaTioHaMu OapBHUKA.

Suavenns J, AuHaMiYHO! MeMOpaHU IIpU OYUINEHHI BOIU Bifl OAPBHUKIB 338 HABEJIEHUX YMOB
eKCIIEPUMEHTIB JIermo 3pocTano (auB. puc. 1, Kpusi 1, 2’). [Te MOXKHA TOSICHUTU CTEPUIHUM
dakTopoM.

PesynbraTn ekcrepuMeHTiB MOKa3a/Id, M0 HiaBHUINeHHs pobodoro Tucky Bix 0,4 mo 1,2 MIla
IpU KOHIIEHTPAIIT IPSIMOrO YePBOHOIO Y HOYATKOBOMY po3umHi 295,0 mr/ reve; (pH 9,0-9,2) i pu-
BAJIOCTI €KCIIEPUMEHTY 2 TOf Jjid MeMOpaHu, dKa MOAUMIKOBaHA T'iIPOKCOKOMILIEKCAMUI A13+7
BUKJINKAJIO [TPAKTHYHO MOBHE 3aTPUMaHHsI aHIOHHOrO OapBHuKa (puc. 2, kpuBa ). Takwmii xa-
paKTep KPUBOI MOYKHA TOSICHUTH €JIEKTPOCTATUYHUM BIIIIITOBXYBAHHAM MiXK OJIHOIMEHHO 3aps-
IPKCHIMHE aHioHaMu GapBHEKa 1 moBepxHeio MoaudiKyodoro mapy i3 rixpokcokomiuiekcis AT
a TaKOXK YIJbHEHHSIM CTPYKTYPH J0JATKOBOI'O 3aTPUMYOUOro Iapy 3 acoIiaTiB OapBHUKA Ha

[IOBepXHiI MeMOpaHu. 3a aHAJIOTIYHUX YMOB, aJjie IPU MEMIHIll KOHIeHTpallil OPUIIbAHTOBOIO 3€-
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Puc. 2. Biums po6ovoro tucky P ma koedinient 3arpumkn R 6apBHUKa IPAMOro 9epBoHOTO (1) Ta GpUIBAHTOBOTO
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senenoro (£2'), a Takox nuToMy npomyktushicTs J,, (17, 2') monudikopamoi kepamiunol MeMGpaHu
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Puc. 3. Brms nouarkosoi koHnenTpanii C' 6apBHUKIB IPIMOT0 9epBOHOIO (@) i GpuIbaHTOBOrO 3eseHoro (6) Ha
koedimient ix sarpumku R (1) i muromy npogykrussicts J, (1) MomudikoBasoi KepaMiusoi MeMGpaHm

JIEHOTO B MOYaTKOBOMY po3umui — 34,0 Mr/,qM3 (pH 9,2-9,5) BinbyBasocsi jesike 3MeHIIEHHS
3aTPUMKH KaTIOHHOrO GapBHUKA (IUB. pHC. 2, KpuBa 2), IO HOB’S3aHO 3 HOro acopOmiiiHoo
B3aEMOJIIEI0 3 MOAUMIKYIOUNUM IIAPOM 1 MEHIIIOIO 3/IATHICTIO JI0 YTBOPEHHS acoIliaTiB. 30iIbIIeH-
He B 000X BHUIIaJIKaX 3Ha4YeHHs J, (AuB. puc. 2, Kpusi I ! 2/) BUKJIMKAHO I IBUIIEHHAM PYIIiiTHOT
cusn tiporiecy. OTKe, BIAIOBIIHO JI0 OTPUMAaHUX PE3YJIbTATIB 38 poOOUMiIl TUCK IHOTO ITPOIECY
npuitasgaro 1,0-1,2 Mlla.

[MTokazano (puc. 3, a, kpuBa 1), 1m0 361IbIIEHHs] KOHIIEHTPAIIT IPSMOro 4epBoHoro Bijg 55,0 10
412,0 mr/ mv? y mowarkosomy posunni mpu pH 7,0-7,2, po6ouomy tucky 1,2 MITa i Tpusasocrti
eKCIIEPUMEHTY 5 IoJI IPAKTUYIHO He BILIMBAJIO Ha HOro 3aTpuMKy, sika cranosuia 99,9%. ITuroma
MPOAYKTUBHICTE MOAUMDIKOBAHOI KepaMidHOl MeMOpaH! MpU KOHIEHTPAII] MPsMOr0 9epBOHOTO
6inbie 120,0 MF/,HMg (muB. puc. 3, a, kKpuBa I /) Mailzke He 3MiHIoBaJjacsd, IO CBLIYUIIO IIPO
BCTAHOBJICHHS CTAIIOHAPHUX T'iAPOJMHAMITHUX YMOB IIPOIECY OUUIIEHHs PO3UNHY Bi/l OapBHUKA.
Bucoke 3navennsi R 6apBHUKa MOXKHA TOSCHUTH, K 1 paHilie, #oro ajcopOiiHoio B3a€MO/II€I0
3 MOIMDIKYIOUNM MTapoOM 3 HACTYITHUM YTBOPEHHSIM CEJIEKTUBHOTO O6ap’epa y BUIVIsIIl JUHAMIUHOT
MeMOpaHn 3 acoriaTiB OapBHUKA.
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Puc. 4. Banexmnicts koedinienra 3arpumkn R 6apBauIKa mpsiMoro 9epBoHoro (1) Ta 6puibaaToBOro 3e1eHoro (2),
. . ! / . . . . . .

a Takoxk nuToMol npoaykrusHocTi J, (17, 2") MomudikosaHoi KepamMiuHOI MeMOPaHH BiJl TPUBAJIOCTI €KCIIEPUMEH-

Ty T

[Tpu 36inbIIeHH] KOHIIEHTPAIIl OPUIBTHTOBOTO 3€JIEHOTO y MTOYAaTKOBOMY po3dui Bix 15,0 10
30,0 mr/ ,H,M3, pH 9,0-9,2, tucky 1,2 MIla i TpuBajocTi ekcriepuMeHTy 5 ro, KoedilieHT 3aTPUMKH
6apsHuKa 3MeHntyBascst 3 99,9 10 92,0% (mus. puc. 3, 6, kpusa 1 ). IlojasbIie i BUIEHHS] KOH-
IeHTpaIil 6apBHUKA IPU3BOIMIIO 0 Ie OLIBIIOro 3HUKEHHsT 3HAYeHHA R, 110 MOB’s13aHO 3 KOH-
HMEHTPAIIHHOIO MOJIsIpU3aIlieio MoaudiKoBaHol KepaMiunol MmemOpanu. B3araJi, HuxK4y 3aTpumMy-
09y 3/IaTHICTD Iie] MeMOpaHU 1010 OPMJILSIHTOBOIO 3€JIEHOT'O MTOPIBHSIHO 3 TAKOIO JJIsT IIPSIMOTO
YE€PBOHOI'0 MOXKHA MOSICHUTH HOTO MEHIIIOI0 aJICOPOIIHOI0 B3aEMOIIEIO 3 MOIUMIKYIOUNM TapOM
i3 TiIPOKCOKOMILTIEKCIB AP § 3/IATHICTIO IBOTO OapBHUKA 10 acoliaril. XapakTep 1 MOsCHeH-
HsT 3aJI€2KHOCT] TIMTOMOI TIPOJYKTHBHOCTI MeMOpaHu Bij KOHIleHTpaIlil 6apsauka (quB. puc. 3, 0,
kpuba 1') 3a 1uX yMOB aHAJIOTIUHI HABEIEHNM [IjIs TIPFMOTO 9epBOHOTO (/UB. puc. 3, a, Kpusa 1).

3i 30ibIIeHHIM TPUBAJIOCTI eKciiepuMenTy 710 5 roj npu tucky 1,2 MIla, mouarkosiii KoH-
meHTparil npsamoro depsonoro 350,0 MF/;LM3 i pH 4,8 — 5,0 xoedimienT 3aTpuMkn HGapBHUKA
OPaKTUYIHO HE 3MiHIOBaBCs 1 jocsras 3uadends 99,9% (puc. 4, kpua 1), 110 MOYKHA ITIOSICHU-
TU HOTO 3HAYHOIO AJCOPOIINHOI0 B3aE€MOMIEI0 3 MOAUMIKYIOUNM IIApOM KepaMidHOl MeMOpaHu
it yTBOpEHHSIM Ha Hiil 0JaTKOBOIO IIapy 3 acoliaTiB bapsHuKa. IIpu modarkosiii KoHIIeHTpaIil
6puibsaaTOBOrO 3es1eHoro 20,0 Mr/ am®, pH 9,0-9,2, tucky 1,2 MIla i TpuBajocTi ekcriepumMeHTy
5 rox 3uadenns R p0ro 6apBHUKA JIEIT0 3HUKYBAJIOC, IO OB SI3aHO 3 10r0 MEHIIOI0 31aTHICTIO
JI0 YTBOPEHHs acolliaTiB y pasi ajicopbriitHol B3aemoil 3 MOAUMIKYIOUNM IAPOM. 3MEHIIEHHS
sHadens J, MoaubIiKOBaHOT KepaMidHoi MeMOpany 3a aHaJoriaHuX yMoB (uB. puc. 4, kpusi 1/,
2") 0byMoBIeHe 361bIIeH M TOBIIIMHE JI0IATKOBOIO 3aTPUMYIOUOro Mapy 3 acoliaTis GapBHUKA
Ta 3POCTAHHSIM y PE3yJIbTATI IIHOTO TinpoanHaMidHoro omopy. Ilpakrudno mocriiine 3uadenns J,
MeMOpaHU IIPU OYUINEHHI BOAM BiJi OapBHUKIB MpOTAroM 4-5 roji eKCIepUMEHTY CBIIYUTDL PO
BCTAHOBJIEHHSI CTAIlOHAPHOTO pexkuMy i1 poboru (mue. puc. 4, Kpusi 1, 2 ).

Takum YMHOM, BU3HAYEHO OCHOBHI 3aKOHOMIPHOCTI ITPOIIECY OYHUINEHHS BOJM BiJI aHIOHHUX
i KaTioHHUX OAPBHUKIB Ha MPUKJIAIL IPSIMOTO Y€PBOHOIO Ta OPUIBIHTOBOTO 3€I€HOTO 33, OO0~
MOT0I0 MiKpodiabTpariitnol TpydyacToi KepamMiuHol MeMOpaHu Ha OCHOBI IJIMHUCTUX MiHEPAJIiB,
10 MOIUQIKOBAHA TiIPOKCOKOMILIEKCAMMU AT, Tlokazamo, mo MoandikoBaHa KepaMiaHa MeMO-
paHa 3a IMeBHUX YMOB IPAKTHIHO HMOBHICTIO 3aTPUMY€ IpAMUil uepBoHuit. Taknit Bucokuii epekt
3aTPUMKHU TIOB’A3aHUN 31 cTepuaHUM (PAKTOPOM, a TAKOXK 3 aJICOPOIIiiHOI0 B3a€MO/II€I0 OpraHi-
YHUX aHIOHIB 3 MO3UTHUBHO 3apsA/PKEHUMU YACTHHKAMU T'iIPOKCOKOMILIEKCIB AT 1a HOJAJIBIIIOIO
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acoliallieo MoJIeKyJI OapBHUKa Ha MeMOpaHi. 3aTpUMYyI04a 3/IaTHICTh MOAM(DIKOBAHOI KepaMidHOT

MeMOpaH! 10 OPUILTHTOBOTO 3€JIEHOTO Ma€ JeI0 CKJIAIHIINNNT XapaKTep, SKAil MOKHA TOSICHUTH
MOETHAHHSAM CTEPUYIHOIO Ta 3apsaoBoro Mexanizmis npu pH 5,0-7,5 i agcopOmiitHoio B3aeMo/Ii-
eio mpu pH > 7,5. 3pobiieHo BUCHOBOK MPO JOMUIBHICTH BUKOPHCTAHHSI TAKUX MeMOpaH JJis
OYMIIEHHsI BOJAY BiJl aHIOHHUX 1 KaTIOHHMX OAPBHUKIB 3a IEBHUX yMOB.

HuroBana JiiTeparypa

1. Baker R. W. Membrane Technology and Applications. — Chichester: Wiley, 2004. — 552 p.

2. Memb6parve u Membpanusle Texunonorun / ITox pex. A.B. fIpocaasuesa. — Mocksa: Hayunbiii mup, 2013. —
612 c.

3. HUcaesa B. H., Baprosa M. U., Kyuepos A. B. u dp. IlonydyeHne KOMIIO3UIIMOHHBIX MEMOPaH HA KEpaMU-
9eCKOIl OCHOBE C HAHECEHHOH MeTaJI-OpraHu<ecKoil kapkacHoi crpykrypoit MOF — 199 u usyuenue nx
aJicopbruoHHbIX cBoiicts // Poccuiickue nanorexuosorun. — 2014. — 9, Ne 5-6. — C. 57-63.

4. Gascon J., Aguado S., Kapteijn F. Manufacture of dense coatings of Cusz(BTC), (HKUST-1) on a-alumi-
na // Microporous Mesoporous Mater. — 2008. — 113. — P. 132-138.

5. Pydenxo JI. U., Zowcyorca O. B., Xan B. E. llonynponuiiaembie JuHAMAIECKIE MEMOPAHBI ITPU YIHTPa(pUIb-
TPAIMOHHON OYUCTKE BOABI OT pajuoHykauaos // Pagumoxumusa. — 2007. — 49, Ne 1. — C. 85-88.

6. lTonuwapyx B.B., Kyuwepyx /. /., Baraxuna M. H., dysvnesa T. FO. Ouucrka BoAbl 6GapoMeMOPaHHBIMEI
MeTOIaMU Ha KepaMudecknx MeMbpanax // Xumus u rexsosmorus sogsl. — 2009. — 31, Ne 6. — C. 688-702.

7. Pydenxo JI. U., /owcyorca O. B., Xan B. E., Kosaavuyx C. H. CsolicTBa qUHAMUYIECKUX MEMOPAH TIPHU YJib-
TpadUIBTPAIMOHHON ouncTKe Boabl or ypana // Jon. HAH Ykpainu. — 2007. — Ne 6. — C. 139-143.

8. Hyavnesa T. FO., Tumopyx I. H., Kyuepyx /. /I., T'onwapyx B. B. O4ucTKa CTOYHBIX BOJ[ OT MPIMBIX KPa-
cuTesell yIbTpa- 1 HaHOMUIBTPAIMOHHBIME KepaMUIeCKUMU MeMOpanaMu // XuMust 1 TeXHOJIOI s BOJBL. —
2013. — 35, Ne 4. — C. 298-306.

9. Kouapos P. I'. Teopermdeckune ocHOBBI o6parHoro ocmoca. — Mocksa: PXTVY um. /1. . Mengneneena, 2007. —
143 c.

10. Kyuepyx /. /]. unamndeckue MeMOpaHbI U3 T'HAPOKCOIOJUMEDPOB amfoMuHus // XuMHsI U TE€XHOJIOrHsI
Bombl. — 1991. — 13, Ne 7. — C. 664—669.
11. Kapeaun B. A. Bomomoaroroska. PuU3nKo-XUMHUIECKHAE OCHOBBI ITPOIECCOB 00paboTKu Boabl. — Tomck: U3,
Tomckoro mosmmrexn. yu-ta, 2012. — 97 c.
References

1. Baker R. W. Membrane Technology and Applications, Chichester: Wiley, 2004.

2. The membranes and membrane technology, Ed. A.B. Yaroslavtsev, Moskva: Nauchnyi mir, 2013 (in Rus-
sian).

3. Isaeva V.I., Barkova M.I., Kucherov A. V. et al. Rossiyskie Nanotechnologii, 2014, 9, No 5-6: 5763 (in
Russian).

4. Gascon J., Aguado S., Kapteyijn F. Microporous Mesoporous Mater, 2008, 113: 132-138.

5. Rudenko L.I., Dzhuzha O. V., Han V. E. Radiochimiya, 2007, 49, No 1: 85-88 (in Russian).

6. Goncharuk V. V., Kucheruk D.D., Balakina M. N., Dulneva T.Y. Himiya i tehnologiya wodu, 2009, 31,
No 6: 688-702 (in Russian).

7. Rudenko L.I., Dzhuzha O.V., Khan V. E., Koval’chuk S.I. Dop. NAN Ukrainy, 2007, No 6: 139-143 (in
Ukrainian).

8. Dulneva T. Yu., Titoruk G.N., Kucheruk D.D., Goncharuk V. V. Himiya i tehnologiya wodu, 2013, 35,
No 4: 298-306 (in Russian).

9. Kocharov P.G. Theoretical Foundations of reverse osmosis, Moskva: RHTU im. Mendeleeva, 2007 (in
Russian).

10. Kucheruk D. D. Himiya i tehnologiya wodu, 1991, 13, No 7: 664-669 (in Russian).

11. Karelin V. A. Water treatment. Physical and chemical bases of the processes of water treatment, Tomsk:

Izd. Tomskogo Polytechnicheskogo Universiteta, 2012 (in Russian).

Haditiwno do pedaxuii 21.07.2015

ISSN 1025-6415  Jlonosidi Hayionasvroi axademii wayr Yrpainu, 2016, M1 115



116

T. FO. [ynsueBa, E. H. Yupkosa, /1. /1. Kyuepyk,
akamemMuk HAH Vkpaunor B. B. Tonuapyk

WNucruryt Kosutonaaoi xumun u xuMmun Bogael uM. A. B. Jlymanckoro HAH Ykpauns:, Kuen

E-mail: t _dulneva@ukr.net

OuncTka BoAbl OT Kpacurejeii MoanuIIMpoBaHHBIMA KepaMUYIeCKUMU
MeMOpaHaMu U3 IJIMHUCTBIX MUHEPAJIOB

Onpedeserv, 0CHOBHVLE 3GKOHOMEDHOCTU MPOUECCH OYUCTKY 6000, OM GHUOHHHLEL U KAMUOHHLT
Kpacumeneti na npumepe npamozo anr020 U GPUAAUAGHTIOE020 3EAEHO20 C MOMOULIO OTNEYECTGEH-
HOT MUKPOPUAOMPAYUOHHOT MPYduamoll Kepamuueckoth MEMOPAHDL HA OCHOBE 2AUHUCTIOLL MU-
nepa.nos, moduduyuposarnot sudporcoromnaercamu AT . Iokasana ewcorasn sfdexmusnocmo
ouuemKy 800be 0M NPAMO20 44020 6 WuPoKom unmepsare pH (4,8-9,5) u Gpusruarmosozo 3ene-
Ho20 6 Kucaol (pH 4,8-5,2) u wenrouwnot (pH 9,0-9,5) cpedax. Coesan 6vi600 0 yeaecoobpasnocmu,
UCIOADZOBAHUA MAKUL MEMOPAH OAA OWUCTIKU 600bL OM, GHUOHHLIL U KAMUOHHLLT Kpacumenet
npu ONPedeNeHHYT YCAOBUST.

Karouesnle €a08a: 09UCTKA BOMBI, MOANMDUINPOBAHNE KEPAMUIECKNX MeMOpaH, TUHAMUIECKUE
MeMOPAHBI, MUKPOhHIbTpaIst, THApoKcokoMmiIekesl Al*T | karnonnbie n npsiMble Kpacuresi.

T.Yu. Dulneva, K. M. Chirkova, D.D. Kucheruk,
Academician of the NAS of Ukraine V. V. Goncharuk

A.V. Dumansky Institute of Colloidal Chemistry and Water Chemistry of the NAS of Ukraine,
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Water purification from dyes by modified ceramic membranes made of
clay minerals

The basic laws of the process of water purification from anionic and cationic dyes are identified by
the example of direct scarlet and brilliant green by using domestic microfiltration tubular ceramic
membranes based on clay minerals and modified by hydrozocomplexes A1>T. The high efficiency of
water purification from direct scarlet in a wide pH range (4.8-9.5) and brilliant green in acidic
(pH 4.8-5.2) and alkaline (pH 9.0-9.5) environments. The feasibility to use such membranes for
the water purification from anionic and cationic dyes under certain conditions is substantiated.

Keywords: water purification, modification ceramic membranes, dynamic membrane, microfi-
ltration, hydroxocomplexes A>T, cationic and the direct dyes.
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