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Metonom UK-crnieKTpoCcKOMMM BHITIOJTHEHBI UCCIEI0BAHUS CTPYKTYPBI TOBEPXHOCTHOTO CJIOSI BO3IYIITHO-
CyXUX, BOJOHACHILIEHHBIX U pab04YrX 00pa31[0B MUKPOGUIbTPALIMOHHBIX KOMITO3ULIMOHHBIX MEMOpaH Ha
ocHoBe nommamMuna MMK-0.45 1 droporutacta MODK-2T. UK -crieKTpbl aHATU3UPOBAIU B TUaNa30Hax
gactoT 500—1700 u 2800—3400 cm~!. B ciyuae nonuamunHoit MemO6pansl MMK-0.45 ocHOBHbIE TTMKU
dyHKIIMOHaTBbHBIX rpyri noauMmepoB B MK-cnekTpax cyxoro, BogoHaChIIIIEHHOTO U paboyero o6pas3ion
coBanaoT. [ToJ0Chl MOMIOLIEHNS TOINAMUIOB KOJIeBIIoTes B MHTepBaiie ot 650 1o 5000 cm~!, cooTset-
CTBYIOLIEM TICIITHIHON cBsI31. B monoce momommenust 1650 cMm~! mpoucxomsT nedopMaLnoHHbIe Kojleba-
HUSI KapOOHWJIBHOM IpyIIbl, a B nosoce 1550 cm™! HaGmonaioTes: necopMalOHHbIe KOJIeGaHUs CBSI3M
N—H. O6mactb 3500—3000 cM~! — 310 BanenTHBIe Kone6anus rpyrt NH, OH u Boxel. B ciydae paGodero
o6pasia ¢proporuiactoBoit Memopanbl MO ®K -2T" BajieHTHBIE KoIe6aHUs (PTOp3aMellleHHbIX TPYIIIL JIeXKaT
B muamazone 1100—1400 cM~', OHM cOOTBETCTBYIOT BaleHTHBIM KoseGanusiM C—F (1198 u 1171 em™!). Tak-
ke B MK-criekTpe BUIHBI IBa KA B 061acTu 2800—3000 cM ™!, oHM XapaKTepHBI [UIsl G1oqu3eNst U3 pac-
TUTELHBIX Macell. [IpoBeneHbI ncciienoBaHus yAeIbLHOTO BBIXOAHOTO TTOTOKA U udMeHeHus1 pH niepmeara
B 3aBUCUMOCTHU OT BpEMEHU U TpaHCMeMOpaHHOro aaBiieHus. HabmonaoTcss HeCKOIbKO MEPUOIOB CHU-
KEHMUSI yIeJIbHOTO BBIXOIHOTO TTOTOKA B 3aBUCUMOCTU OT BpeMEHU, YTO, CKOpee BCero, 00yCIOBJIEHO pa3-
OJIOKMpPOBaHVEM TTOP MUKPOMDUIBTPALIMOHHONH MeMOpaHbl BEIIECTBAMU, HAXOASIIMMUCS B pa3neisieMoOM
pacTBope, 1 BO3MOXHBIM 00pa3oBaHUEM TTOrpaHUYHOTO rojieBoro ciosi. CHuxxeHue pH nepmeara ¢ po-
CTOM TpaHCMEMOpPaHHOIro JABJICHUSI HA MUKPOMUIbTpaMOHHBIX MeMOpaHax MMK-0.45 u MO®K-2T,
BEPOSITHO, OOBSICHSIETCS TTOBBIIIIEHNEM CKOPOCTU MUTPAIIMU OPTAaHUUECKUX KUCJIOT Yyepe3 CJIOW reivs u

pabouunii cioii MeMOpaHBbI.

KitoueBble cjioBa: MUKpOdUILTpallMOHHAss MeMOpaHa, IIOpOBOe MPOCTPAHCTBO, TpaHCMeMOpaHHOE JaBjie-
Hue, cTpykTypa, MK-criekTpockomnusi, BaJleHTHbIE KOJIEOaHMSI.

DOI: 10.31857/51028096023030056, EDN: LHIPRZ

BBEAEHWE

B npoMBbIILIEHHOCT B OCHOBHOM MPUMEHSIIOT MO0~
JINMEPHBIE MEeMOpPaHbI, KOTOPbIE UMEIOT 00JIee BbICO-
KWe TT0Ka3aTe/d MPOYHOCTH U XUMUYECKOU YCTOM-
YUBOCTH, YeM MX OMOJoTHYecKre aHaioru. [1pu BeI-
6ope MeMOpaHHOTO MaTepuaia IJIsI KOHKPETHOTO
pasneneHusI HeOOXOIMMO YIUTHIBATh psii (haKTOPOB,
B TOM 4ucJie GJaronpusiTHOE couyeTaHue TpedyeMoit
MMPOHUIIAEMOCTH U CEJIEKTUBHOCTH, a TAKXKE MEXaHU -
YecKMe, XMMUIECKUE U CTPYKTYPHO-MOpGhOIornie-
CKMeE CBOMCTBA MEeMOpaHBHI.
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B Hacrosiee BpeMs yueHbIe aKTUBHO UCCIICAYIOT
CTPYKTYPY MOJIUMEPHBIX MeMOpaH IS COBEpPIIECH-
CTBOBaHUS MEMOpPAaHHBIX MAaTepPHUaIOB Y OBLILLIEHUS
3(pGEKTUBHOCTH IIPOLIECCOB pPa3dCICHUS SKMOKUX
cpen [1—15].

B [1] ObpuM monydeHbl 0Opa3ibl MOHOIPOBOIS-
UX MeMOpaH 1 UcceaoBaHa UX CTPYKTYpa ¢ TIOMO-
IIbIO >KNAKO(a3HOM CIIEKTPOCKOIINH SIIEPHOIO Mar-
HUTHOTO pe3oHaHca. bplito oTMedeHo, uToO B 00pas3nax,
He CIIUTHIX PypdyposioM, UCcYe3aeT CUTHATT CBOOOI -
HbIXx OH-rpynn noJIuBUHMIOBOIO CIIMPTA, CMEIaB-
IIMICS B CWJIbHOE MOHU3MPYEMOE II0JIe, YTO O0y-
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CJIOBJIEHO XMMUUYECKOI CBS3bI0 MexXy pypdyposiom
1 1IeTNbI0 MOJUBUHUIOBOrO crivMpTra. ABTOopamMu [2]
OTMEYEHO, YTO MOHOCEJEeKTUBHbIE MeMOpaHbl TMpU
MaJIbIX U OOJIBIIMX KOHIIEHTPALIUSIX COJIeil B BOOHOM
pacTBOpe XxapaKTepu3yITCs BLICOKOI CTeIeHbIO pa3-
neneHust. CiieryeT OTMETUTD, YTO MOHOCEJIEKTUBHbIE
MeMOpaHbl (POPMUPYIOTCSI MPU HEOOJIBIIUX TPaHC-
MeMOpaHHBIX AaBiaeHUsAX 0.1—2 6ap B 3aBUCUMOCTU
OT MOAJIOXKHW, HA KOTOPYIO HAHOCST aKTUBHBIN CIIOM
MeMOpaHbl. B mocienHee BpeMmsi B mpoliecce M3ro-
TOBJIEHUS MCIIOJIb3YIOT MPOBOSIIUE MOJUMEDPHI, Ta-
KM€ Kak nojraHuwinHa. [TppuMeHeHre oaHuInHA
MPU MOJyYeHU N WU MoArubUKaIUM MeMOpaH UMeeT
MPEUMYIIECTBA B JOCTYIMTHOCTU ChIPbSI U TPOCTOTE
U3TrOTOBJIEHUSI, TaKXKe OHU 00JIafaloT BbICOKOW W3-
OmpaTtelIbHOI ITpoHnaeMocThio. B [3] ycTtaHoBeHO,
YTO TIPU MPABWJILHO MOAOOPAHHOM U KOHTPOJUpPYE-
MOM peXUMe HUCIapeHUsl paCTBOPUTENS U MOCTENy-
I0llIeil TepMOOOpadOTKe yaaeTcsl MOJyYUTh MeMOpa-
HbI ¢ OoJiee yropsgoueHHOit MOp(hOIOTUE U CTPYK-
TypO¥i, BLICOKMM YPOBHEM MEXaHUYECKNUX CBOMCTB U
BBICOKOI MPOTOHHOM MPOBOAMMOCTbBIO. ABTOPbI CBSI-
3bIBAIOT TAKUE PE3YJbTAThI C peann3aliuei CTpyKTyp-
HOIl caMOOpraHu3alluu MOJUMEPHOU OCHOBBI MEM-
Opanbl pu GOPMUPOBAHUN HAHOTLJIEHOK.

B [4] MeTooOM peHTIeHOBCKOI (POTO3IEKTPOH-
HOIi CIEKTPOCKOITUU UCCAeNOBAHbI XMMUYECKHUI CO-
CTaB U CTPYKTypa HAHOPa3MEPHbBIX ITOJIMMEPHBIX ITO-
KPBITUI, OCaXXASHHBIX Ha ITOBEPXHOCTU TPEKOBBIX
MeMOpaH. AHaiu3 CIIEKTPOB TMoOKaszajl pasjinuue
BJIEKTPOHHOI CTPYKTYPHI 1 XUMHUYECKOTO COCTOSTHUS
yIjepojaa B MCXOOHBIX TOJIMMEPax M OCaXKICHHBIX
MMOKPBITUSIX: B IIOJIMMEPax — XMMUIECKOE COCTOSTHIE
yrepopaa B ¢Bsa3s1x C—C u C—H, B ocaxIeHHBIX 11O~
KPBITUSIX — B KMCJIOPOACOAEpKAIINX (DYHKIITMOHAIb-
HbIx rpynmnax C—OH u C—OR. B [5] pa3ubiMu MeTO-
JaMU CIIEKTPOCKONUU U PaCTPOBOM 3JIEKTPOHHOI
MUKPOCKOITMH UCCIIEAOBAaHBI CTPYKTypa 1 MOP(OJI0-
rMYecKue CBOMCTBA TPEKOBBIX MEMOpaH Ha OCHOBE
MoJMaTUIeHTepedTaIaTa u mojaurnponwieHa. [Momy-
YeHbI KPUBBIE pacIIpeaeeHIs Y1CIa TPEKOB B 3aBU-
CUMOCTH OT UX CpeIHero [uaMeTpa.

ABTOpHI [6] 9KCTTEpUMEHTAILHO U3YyJalTH ITPOLIECC
HabOyxaHus moiamMepHoii meMOpaHbl Nafion mero-
noM MUK-cnekrpockonuu. McciaenoBaHusl BhISIBUIN
rnepexo rnojuMepa U3 ruipoOOHOTO COCTOSIHUST B
ruapoduIbHOE C PSIOM 0COOEHHOCTE, KOTOphIE 3a-
BUCSIT OT BUJA MpeABapUTEIbHOI 00paboTKu, (pusn-
YEeCKOTO COCTOSTHUS U pa3Mepa rmoanmMepa. B [7] mpu-
BeCHbl 9KCIEPUMEHTAIbHbIE MaHHBIE O CIIEKTpax
MIpoNyCKaHWs 1 oTpaxkeHus MeMOpaHbl Nafion, roe
MPOaHaTU3UPOBAHbl OTIMUUSL MEXAY MUKaMU TO-
IJIOLLIEHUsI CIIEKTPOB ABYX BUIOB. Pasnnuus B muKax
BBbI3BaHBl XMMMWYECKUMM OKpYXEHUEM paboyeil mo-
BEPXHOCTU U 00beMa MeMOpaHbl. 3HAYUTEJIbHBIE OT-
JINYWS MEXIy MMKaMU BbISIBJIEHBI B pe3yJibTaTe Tep-
MU4ecKoi 0opadoTku meMopanbl Nafion.
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ABtopamu [8] m3ydeHa Mop@dOJIOTHUS MOBEPXHO-
CTU MUKPODUIbTpALIMOHHBIX MeMOpaH M®PK-3
OTEYECTBEHHOIO MPOU3BOJACTBA TOCJIe BO3AEHCTBUS
Ha Hee TpaHCMeMOpaHHOTO nasiieHus. bwino ycra-
HOBJIEHO, YTO Ha IOBEPXHOCTU aKTUBHOTO CJIOST MEM-
OpaHbl OOpa3yeTcsd OUHAMMWUYECKUI TeaeBOM CIIOiA,
MpenoTBpalaluii MpornyckaHue MOJIEKYJ BOBI.
Taxeke mpuBeAeHBI JaHHBIE O BHIXOAHOM ITOTOKE IS
MeMbpaH MO DK-3 u ITI1-190 npu usmeHsoremMcst
TpaHcMeMOpaHHOM naBjieHun. B [9] uccnemoBaHa
KpUCTaJUTMYeCcKast CTPYKTYpa U BOAOIIPOHULIAEMOCTh
pabourx M BO3AYIIHO-CYXMX O0Opa3loB MOJIUMEP-
HBIX YJIbTpa(uIbTpallMOHHBIX MEMOpPaH PEHTTEHO-
IUpakKIMOHHBIM 1 3JIEKTPOHHO-MUKPOCKOTIMYE-
cKkumu MetogamMu. OTMEUeHO, YTO KpUCTATMYHOCTD
OTpabOTaHHBIX OOpPa3lOB CHMXKAETCSI MHPUMEPHO B
JIBa paza IIocje BO3AEHCTBUS TpaHCMeMOpaHHOIO
naBlieHUsT Ha MeMOpaHy. B [10] BbIIIOJIHEHBI MCCe-
JIOBaHUSI CTPYKTYPbl U 3JEKTPUUYECKUX CBOMCTB MO-
BEPXHOCTU HU3KOHAMIOPHBIX MEMOpPaH, MU3TOTOBJIEHHBIX
U3 KOMILIeKca cybdhaTcoaepKaliux apoMaTUIeCKUX
CO MOJIMaMUNIOB, T€ BbISIBJI€HA CBSI3b WHTEPIOJIU-
MEPHOI peaKIM1 CO CTEeTICHbIO MPEeBPAIIeHUS U CO-
CTaBOM 00pa3ymllerocsi KoMIiekca MeMOpaHbI.

B [11] metonom UK -cniekTpocKonmuu U3y4eH Me-
XaHU3M abcopOLuM (eHwnanaHnHa (HOPMOBaHHOM
MOHOOOMEHHON MeMOpaHOIl CO CTUPOJI-TUBUHUII-
OeH3osbHON MaTpulieil. O000IIeHrEe pe3ybTaToB
HCCeA0BaHUM KOJie0aTeIbHOUN CIIEKTPOCKOIUU MO-
Ka3ajo, YTO B OCHOBE COPOLIMOHHOIO B3auMMONEH-
CTBUSI JIEKUT OOMEH MOHOB Yepe3 MPOTOHUPOBAHUE.
B [12] MmeTOmOM pacTpOBOii 3IEKTPOHHON MUKPOCKO-
MUY WU3Yy4eH IMOBEPXHOCTHBIN CJIOM MOHOOOMEHHOM
MeMOpaHBbl. BBISIBIIEHO, UTO B pe3y/ibTaTe MEKMOJIEKY-
JISPHOTO B3aUMOJIENCTBUSI MOHOOOMEHHOI MeMOpaHbI
C aMUHOKMCJIOTON (DeHMITaJJaHMHOM HaOI0IaroTCs
U3MEHEHMS B TOBEPXHOCTHOM cJioe (YIUIOTHEHHUE), UTO
9KCIIEPUMEHTAIbHO MOATBEPXKIEHO METOIOM KOJie-
OaTenbHOM crieKTpockonuu. ABropamu [13] paspa-
0oTaHa MeTOAMKa MOJYyYeHUs] KaTUOHOOOMEHHBIX
OMCIIOHBIX TPOMUIMPOBAaHHBIX MEMOpPAH C TOMOTe-
HU3UPOBAHHOI MOBEPXHOCTHIO HA OCHOBE MPOMBIIII-
JieHHbIx MemOpaH MK-40. M3yuyeHa Mopdosorus
MOBEPXHOCTH U MHUKPOCTPYKTYpa KaTMOHOOOMEH-
HBIX MeMOpaH. ITokazaHo, 4To B pe3yJbTaTe HaHece-
Hus 1wieHkKu M@P-4CK Ha IMOBEPXHOCTh ITPOQUIn-
pPOBaHHOI MeMOpaHbl HAOJIIOAAeTCsl yMEHbIIIEHUE e
I GY3MOHHON TTPOHUIIAEMOCTH M HEKOTOPOE YBE-
JINYeHUe yaeIbHOM 3JIeKTpONpoBoaAHOCTU. Ha ocHO-
BaHWMU TMOJIyYEHHBIX TaHHBIX B pAMKax MUKPOTeTepo-
T€HHOM MOJIEIM aBTOpaMU PACCUYUTaHbl TPAHCIOPTHO-
CTPYKTYpHbIe MapaMeTpbl JISI OLUEHKU BIUSIHUS
MoAUMULIMPOBaHUS HA CBOMCTBA 6a30BOi MEMOpaHHbI.

Astopamu [ 14] ncciienoBaHa MeMOpaHHasT OUMCT -
Ka O0TpabOTaHHBIX SMYJIbCUI THIIA “Macyo B Boae” ¢
HCITOJIb30BaHMEM MOJIUAKPUIOHUTPUIBHBIX U TTOJIM-
acdupcyabdoHoBEIX MeMOpaH. [IpoBeneHa oOpaboTKa
MeMOpaH B I10Jie YHUTIOJSIPHOTO KOPOHHOTO pa3psiaa
C 1LIeJIbI0 MHTeHCU(UKALIMU pa3aesicHUs] oTpaboTaH-
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100 KOHOBAJIOB u np.

Tabomuna 1. XapakTepucTUKu MUKPODUIBTPALIMOHHBIX MEMOpaH

% I1
Tun MmemOpaHbI Cpenruii muametp POUIBOHTEIEHOCTE PaGouee Tax °C | Ananazon pH
op, MKM J, nm? /(M2 - ) napineHue, MIla
3200 (110 3TWJIOBOMY CIIHPTY,
MOOK-2T 0.25 npn P=0.05 MTTa) 0.26 80 1-13
21000 (1o oumIieHHOI BoAe,
MMK-0.45 0.45 npn P =0.1 MTTa) 0.5 70 3—14

HBIX PacTBOPOB CMAa30YHO-OXJIAXIAIOIIUX SKUIKO-
creit. Insg meMOpaHHONM GMIIBTpAaIMK OTPAOOTaHHBIX
MOTOPHBIX Macesl B [15] mcciemoBaHO pasieeHue
METOAOM YALTPADUILTPALN KUAKUX MTOJIUINCIIEPC-
HBIX CUCTEeM. DTOT METO[ IIpeayCMaTPUBAET CHILKE-
HHUE BHEepro3aTpar.

B [16] r1poBeneHBI 9KCIIEpUMEHTAIBHBIE UCCIIEN0-
BaHUS CTPOCHUS CEJIEKTUBHOIO CJIOSI U IOJIYYEHBI
NK-bdypre-criekTpbl HapyIIEHHOTO ITOJTHOTO BHYT-
penHero otpaxeHus (HIIBO) monucynbdpoHOBOM
nomioxku (ITC-100) 1 KOMIO3ULIMOHHOIT MeMOpa-
HBI C CEJIEKTUBHBIM CJI0€M MOIUaHWIMH—TIONM-(IN-
BUHUWJIMPPOJUIAOH) OO0 U IIOCAE MPOMYyCKAHUS IH-
CTUJUIMPOBAHHOM BOJIbI B SIYEHKM TAaHT€HIIMAJTIbHOM
¢unprpanuu. OTMEUYEHO, YTO Ha CEIEKTUBHOCTH U
MIPOU3BOAUTEILHOCTh MEMOpPAH OKa3bIBaIOT BIMSTHUE
YCJIOBUSI UX MIOJTyYEHUSI.

O0630p IUTEepaTypHBIX JAHHBIX, TPEACTABICHHBIX
B [1—16], TOKa3bIBaeT aKTyaJlbHOCTb U3YYECHUS
CTPYKTYPHBIX W3MEHEHUM aKTMBHOTO CJIOS IMOJIM-
MEPHBIX MEMOpaH B MPOLecCe pa3aesieHUs pacTBO-
pPOB ISl TPOTHO3UPOBaHMS MEXaHU3Ma MepeHoca Be-
1IECTB, pacyeTa U TPOEKTUPOBAHUS MeMOpaHHBIX
MaTepUuaJioB, DJIEMEHTOB U anmapartoB. [Toatomy
11eJIbI0 HacTos1Iei paboThl ObLIIO MPOBEAEHUE CIIeK-
TPOCKOMMUYECKUX U KUHETUUYECKUX UCCIIeIOBaHUI
MPOHUIIAEMOCTH ITOBEPXHOCTHOTO CJIOSI MEMOpaH B
npoliecce MUKPODUIBTPALIMOHHOIO pa3fefieHusl
BOIHO-OPraHMYECKMX paCTBOPOB.

SKCITEPUMEHTAJIBHAA YACTb

B kxadectBe 00BEKTa MCCIIENOBAaHUSI BHICTYHAIN
pacTBOPHI METUJIOBOTO 3(dUpa Macjia pacTUTEIILHOTO
MPOUCXOXASCHUS Y BOABI C U3MEHSIIOIIUMCSI OTHOILIIE -
HHeM 52 : 48 1 BO3OYIIHO-CyXHe, BOIOHACHIIICHHBIE
1 paboune oo6pa3bl MUKPODUIBTPALIMOHHBIX MEM-
opan MO®K-2TI" npousBoacrea 3AO HTI1I “Bnagu-
nop” [17] u MMK-0.45 npouszBonctea OOO HIIII
“Texnopunerp”, T. Bmagumup [18]. OcHoBHBIE Ma-
paMeTpbl MUKPOMMILTPALIMOHHBIX MEMOpaH IIpel-
CTaBJICHBI B TabI1. 1.

MK-cnexTper HITBO Bo3nyIlIrHo-Cyxux, BogoHa-
CBHIIEHHBIX ¥ pa00YMX 00pa3110B MUKPODMIIETPALIN -
OHHBIX MEMOpaH CO CTOPOHbBI AKTUBHOTO CJIOSI PETH-
CTPUPOBAJIA C MpUMeHeHUEM (ypbe-CIIEKTpOMETpa
(Jasco FT/IR 6700, mpuctaBka HITBO ¢ kpucraiom
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ZnSe, yron orpaxenus 45°) B odmactu gactot 500—
4000 cm~! ¢ paspemennem 4 cm~! (32 ckana). Bogo-
HaCHIIIIeHHBIe 00pa3ibl MeMOpaH TMOIyJaIu ITyTeM
MOTPYXEeHUSI B AUCTWLIMPOBAHHYIO BOIYy U Habyxa-
HUS uX B TeueHue 24 4. Pabouune obpasiibl MeMOpaH
MMOJTy4eHBbl TIPU MUKPOGIIBTPAIIMOHHOM pasielie-
HUU UCCIIeAyeMOTO pacTBOpa Ha YCTAHOBKE, MONPO0-
HO ONUCaHHOM B [19].

PE3VJIBTATBI 1 UX OBCYXIEHHWE

Ha puc. 1 u 2 npuBeaeHbl CIEKTPbI CYyXUX, BOIAO-
HaCBHIIIEHHBIX U pabouynx oOpa3noB MUKPODUIb-
TpallMOHHBIX MeMOpaH MMK-0.45 Ha ocHOBe TO-
muamuga u MODK-2I' Ha ocHOBe (ToporuiacTa.
B tabi1. 2 mpencraBiaeHbl XapaKTEPUCTUKM TT0JI0C IO~
mioneHust memopaH. MK-criekTpsl paccmarpuBain
B nuamnasoHax yactor 500—1700 u 2800—3400 cm—!.
B nuamazone 500—1700 cM~!' MOXHO OTMETUTH CHU-
JKeHHE MHTEHCUBHOCTH T10JIOC TTOMIONIEHUS paboumnx
00pa3oB MeMOpaH 000X TUIIOB. DTO CBSI3aHO C 00-
pa30BaHUEM CJI0S OcaiKa Ha IOBEPXHOCTU MEMOpaH.

Ilpu cpaBHenuun MK-criekTpoB cyxoro, BoJIOHa-
CBHIIIEHHOTO M paboyero oOpa3loB IOJUAMHIHON
meMbOpanbsl MMK-0.45 BUIHO, 9TO OCHOBHBIC TUKHA
(YHKIIMOHAIBHBIX TPYII IOJMMEPOB COBIIANAIOT.
3a I10J10CHI IOMIOLIEHUS Y TTIOJIMaMUA0B B MTHTEpBa-
ne 650—5000 cm~! orBevaeT menTuaHasa cBA3b. [pu
1650 cm~! mosoca MOMIOLIEHUS YKA3bIBAeT Ha 1e-
dopMallMOHHBIE KOJeOaHUSI KapOOHMJILHOM TIpYII-
Ibl, a IoJioca nomoumenus npu 1550 cm~! xapakre-
pusyet nedopMallmnoHHBIE Konebanmus cBsa3m N—H.
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Puc. 1. MK-crekTpbl akTUBHOIO CJIOSI TIOJIMAMUIHOMN
meMOpanbl MMK-0.45, nonyyenHsle metogom HITBO
ISt 06pa3uoB: / — cyxoro; 2 — BOOOHACHIIIEHHOTO; 3 —
pabouero.
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Puc. 2. UK-criekTpbl aKTUBHOTO CJ10sI (DTOPOILIACTOBOM
MemOpanbl MODK-2I, nonyyeHusie Mmetomom HITBO
111 00pa3LoB: / — BOMOHACHIILIEHHOTO; 2 — paboyero.

O6nactb 3500—3000 cM~! — 3TO BaJIeHTHBIE KOJIeba-
Hus rpynn NH, OH u Bogpl.

Paccmorpum MK-criekTpbl KapOOHUIBHBIX TPYTI
MmeMbpaHsl MMK-0.45. Kak BunHo u3 puc. 1, yacto-
Ta 1epopManoOHHBIX Koiaebanuit C=O-TpymiI1 B cy-
xux obpasuax 1631 cM~!, B BOTOHACHIIEHHBIX U pa-

Ta6mmua 2. XapakKTepUCTUKHU MOJIOC MOMIOLIEHKSI MeMOpaH

60unx obpasuax — 1635 cm~! (Av = 4 cm~!). Yacrora
kosebanuit N—H-rpymm B cyxux obpasuax 1540 cm!,
BOIOHACBIILIEHHBIX U pabounx — 1542 cm~! (Av =
=2 cm ). Yacrora kKonebaHuii o6eux GyHKLMO-
HaJIbHBIX IPYIIN CMEIIaeTcsl He CUJIbHO, HO, BUIMMO,
MEHSIETCSI MHTEHCUBHOCTh CIIEKTPOB pabouero o0-
pasna. PaccmarpuBasi 4acTOTHI BaJICHTHBIX KoJjieOa-
HUii H—N-rpynmn, CTOUT OTMETUTh, YTO B ClIydae Cy-
XOT0, BOIOHACBIIIEHHOI0 U paboyero o6pasloB
uccienyeMoit MeMopanbl V = 3296 cM~!, uto cBue-
TEJIbCTBYET O TOM, YTO HE IMPOUCXOAUT pa3phbiBa BO-
noponHoii csa3u C=0...H—N.

B ciydae ¢ropornacroBoit MeMGpansl MO®OK-2I
(puc. 2) BaJleHTHBIE KOJieOaHMS (PTOp3aMelIeHHBIX
rpymI jJexart B guamnaszone 1100—1400 cm~!, oHnm co-
OTBETCTBYIOT BajieHTHbIM KoJjiebaHussM C—F (1198 u
1171 cm~1) B paboueM obpasLe.

B HK-cnekrpe pabouero oOpasua MeMOpaHbI
MOOK-2T" BugHel OBa Tmka B ooOimactu 2800—
3000 cM~!. OHU XapaKTepHBI 111 OUOIU3ENEH U3 pac-

Mem6pana MMK-0.45
cyxoi obpaserr BOJIOHACHIILICHHEIH pabouwuii oOpasenr OTtHeceHUe
obOpasel
v, e} v, em ! v, cm !
3392 3299 3301 Banentneie konebanust OH-rpymnmn
2938 2940 2923 BanentHere konebanust CH, CH,, CH;
1631 1635 1635 Hedopmanponnsie kKoynedbanuss C=0
1413 1413 1419 Hedopmanmonnsre konebanuss CH,
1368 1377 1369 Hedopmanmonnsie konebanust CH,
1540 1542 1542 BanenTtHbie konebanuss N—H
Memb6pana MODK-2I
BOJOHACHILIEHHDBII paGouuii o6pasert OrHecere
obpa3ern
v, cm ! v, cm !
- 3299 BanentHble kosle6anuss OH-rpymm
— 2999 Banentnsie konebanusa CH, CH,, CH;
1734
1194 1701 Hedopmanmonnbie konedbanuss C=0
1361
1018
— 1053 JedopmanmonHbie koiaedbanust C—O
1411 1420 Hedopmarmonnsie Konebanust CH,
1344 — Hedopmanmonnslie Konebanust CHy
— 11}2? BanenrtHsbie konebanust C—F
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Puc. 3. 3aBUCUMOCTb yIETbHOTO BBIXOTHOTO MOTOKA JJIST
meM6paHbl MDO®K-2T" ot BpeMeHM 3KCHEpUMEHTA IIPU
Pa3sIMIHOM TPAaHCMEMOPAHHOM IaBJICHUM.

TUTenbHBIX Macen [20]. B crrekTpax cyxoro n BojjoHa-
ChIlLIEHHOTO 00pa311oB MeMOpaHbl MMK-0.45 B aToit
0o0JIacTH TOXKe HaOJIoHAaroTCs ABa IMKa, HO OHU He-
MHOTO CMEIIEHBI.

CrnexrpanbHas oonacts or 1300 o 900 cM~! Ha-
3bIBAETCS “OTIEYAaTKOM Majiblia”, TaK KaK OHa ITOI-
TBepXAaeT UAEHTUYHOCTh coenHeHnii. B atoM nua-
na3oHe HanboJiee BaxKHO ITOIJIOIIEHE, 00YCIOBJICH-
Hoe pactsokeHneM cBgI3nm C—O cioxXHbBIe 3(DUPHI.
OTU nuara3oHbl (paKTUYECKH COOTBETCTBYIOT IBYM
ACUMMETPUYHBIM KOJIeOaHUSIM, KOTOPbIC BKITIOYAIOT
cBs13u C—C n C—0. B ciryyae HachIIIeHHBIX annda-
TUYECKUX CJIOXKHBIX 3(pUPOB HAOJII0JAIOTCS IBE I10-
stockl ipu 1225—1150 cM~! ¥ MaJIOMHTEHCUBHBIE TIPA
v = 1018 u 1053 cm~! B criekTpe pabouero obpasma
MmeMOpaHbsl MODK-2I" (puc. 2). [NepBblii BKIOYaeT
pacTsoKeHUE CBSI3M MEXIYy aTOMaMM KHCJIopoaa U
KapOOHWJILHOIO yIjiepoAa B COYETAHUM C PACTSIKe-
Huem C—C. Btopoii — pacTsoKeHUE CBSI3U MEXIY
aTOMOM KMCJIOpOJAa M aToMOM yriiepona. B moioce,
BKJTIOUAIOIIE HaMOOJbIIee YMCIC BOJH, OOBIIHO
HauboJIee MHTEHCHBHBIE 1Ba MUKa rpy 1361 1 1194 cm—!,
CBsI3aHHBbIE C TPyIIIIaMU METUIOBOTO 3dupa.

Ha puc. 3, 4 npuBeneHbl 3KCIIEpUMEHTAJIbHbIC
KMHETUYECKHE 3aBUCHMOCTH BbIXOIHOTO MOTOKA JJIST
nojaynpoHunaeMbelx MeMopan tuna MOPODK-2T' u
MMK-0.45 ¢ pa3HbIM 1aBIeHUEM B MEMOpPAaHHOM Ka-
HaJle. AHaJIM3 KMHETU4ecKoi 3aBucuMoctu J =f (T, P)
MUKPODUIBTPALIMOHHOM CUCTeMBI (pHUC. 3) TTO3BOJISI-
€T OTMETUTD, UTO C TTOBbILIEHUEM MPOAOJKUTEIbHO-
CTU 9KCMEPUMEHTAJIbHBIX UCCIE0OBAHWI B TMaNa3o-
He oT 0 mo 1800 ¢ mepmeaT IS TTOMYIIPOHUIIAEMOM
MeMbOpaHbl MO®K-2I" mpu TpaHCMeMOpaHHOM J1aB-
nenuu 0.1 MIla npakTudecku He u3mMeHsieTcs. Bepo-
SITHO, 3TO CBSI3aHO C OOJIBIIMM MEPEHOCOM BOJbl B
nepMear (Tabi. 3), a opraHM4YeCKUe COeAMHEHUSI, Ta-
KHe KakK 3(Up U Apyrue KUCJIOThl, ABUXKYTCS 1O MO-
BEPXHOCTHM MeMOpaHBI K TpakTy pereHrtara. Ilpm
TpaHcMeMOpaHHOM aaBieHuu 0.25—0.5 MIla ynenb-
HbIi BBIXOMHOM MOTOK CHUXKAETCSl C TeYEHUEM Bpe-
MEHMU, YTO, ECTECTBEHHO, BbI3BAHO 3aKYIOPKOI MOp
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Puc. 4. 3aBUCHUMOCTbD YI€IbHOTO BBIXOMHOTO IMOTOKA JIJIsT
MmeMOpaHbl MMK-0.45 oT BpeMeHU 3KCIIEpUMEHTa IIPU
pa3IMYHOM TPAaHCMEMOPAHHOM JaBJICHUU.

BEIllECTBAMM OPraHUYECKOrO XapakTepa, HPUCYT-
CTBYIOIIIUMM B pas3ieisieMOM PacTBOpPE U BO3MOXK-
HBIM O0Opa3oBaHNEM MOTPAaHUYHOTO TeJIEBOTO CJIOSI.
OJHaKO C POCTOM JAaBJIEHUS B MEMOpaHHOM KaHaje
or 0.1 mo 0.25 MIla mpocnexkuBaeTcsd MOBBIIICHIE
TiepMeaTa, 4TO BBI3BAaHO YBEJIMYEHUEM JIBVIKYIIEH CH-
JIBI IpolLiecca MUKPOMUITBTPALIMOHHOTO pa3aeIeHHUSI.

B pesynbrate paccMOTpeHUs] KMUHETUYECKON 3a-
Bucumoctu J =f(t, P) MUKpODUIBTPALIMOHHOTO pa3-
neyieHust (puc. 4) oTMeUeHo, YTO C yBEeJIMYEHUEM Bpe-
MeHU uccinenoBanuii ot 0 go 600 ¢ (HavaIbHbIA TIe-
puon) mepmear aiasg Membpansl MMK-0.45 mpu
TpancMeMOpaHHOM masiieHuu 0.1 MIla ymeHbmaer-
cg n HabmomaeTcst B nuana3zoHe 600—1200 ¢ (ciaemy-
oMt mepuon). B ciyyae MUKpohuabTpalluOHHON
MeMmOpanbl MO®K-2I" 310 BhI3BaHO PacKyITOPKOA
MOp U yAaJeHWEeM BEIECTB OPTaHUYECKOTO XapaKTe-
pa c aKTUBHOTO cJiost MeMOpaHbl. B manbHeiiem ort-
MedaeTcsl yCTaHOBMBIIEHCs Tiepuon (MHTepBas
1200—1800 c), oprann4ecKre KUCIOThI 00pa3yIoT A1~
HaMMWYeCKUii CJIoi HaJ padbodeit MOBEPXHOCTHIO Yilb-
TpaduIbTpallMOHHON MeMOpaHbl, YTO XOPOIIIO KOP-
penupyeT ¢ pe3yJbTaTaMu 3KCIIEPUMEHTAIbHBIX UC-
clegoBaHuii [8].

INoBbiIeHNE OaBIEHUS B MEMOpPAaHHOM KaHaje B
nHTepBaiie oT 0.25 mo 0.5 MIla BeI3BIBacT yBeJIMde-
HUEe mepMeara, YTO OOYCIOBJIEHO POCTOM M30BITOU-
HOTO JaBJICHUS MPU MUKPODUIBTPALIMOHHOM pa3ae-
JIeHnH, a Takke yiapTpadmibTpauuu [9]. OmHako ¢
TeUeHUEM BpPEMEHM YIeIbHBI BBIXOAHON ITOTOK
cHMXaeTcd. BeposiTHO, OCHOBHasi MpPUYMHA — 3TO
MOBBIIIEHHOE TTPOHUIIAHUE OPTAaHNYSCKUX BEIIECTB,
YTO BelleT K CHUKEHUIO YAETBbHOTO BBIXOJHOTO TTOTO-
Ka 1151 00eux MUKPODUIbTPALIMOHHBIX MEMOpPaH.

Taxxe ObITO McciaenoBaHo M3MeHeHue pH mep-
MeaTa B 3aBUCMMOCTH OT TPaHCMEMOPaHHOTO aBJie-
Hug (puc. 5). Kak BUIHO U3 pucyHKa, ¢ MOBBIIIEHU -
eM TpaHcMeMOpanHoro naBieHus ot 0.1 mo 0.5 MIla
pH pacTtBopa cHuxkaercs miist MemopaH MMK-0.45 u
M®O®K-2I. CHuxenue pH mepmeara BBEI3BaHO MO-
BBILIEHUEM CKOPOCTA MUTPALIMA OPTAaHUYECKUX KUC-
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Taomuna 3. Tlepmear u pereHTar, coaepxaiuuii 3pup u Apyrue KUcioThl

PactBop Memb6paHa Hasnenue, MIla Obup u 1pyrue Bona, % DOMmynbcus, %
KUCJIOTHI, %
0.1 — 100 —
0.25 — 100 —
MOOK-2I"
0.35 0.8 99.2 —
0.5 1.9 98.1 —
[lepmeat
0.1 — 100 —
0.25 16.1 83.9 —
MMK-0.45
0.35 333 66.7 —
0.5 40 60 —
PerenTar — 0.1-0.5 25 58.3 16.7
H kosebanus ceasu N—H. O6macts 3500—3000 cm—! —
p 9TO BaJIeHTHBIC KoJiebanus rpymt NH, OH u Bogpl.
e o i UK -crieKTpoCcKOMMYecKre MCCIeNOBAaHUA pabo-
’ yero oopasua ¢roporiactoBoil MeMopaHbl MO DK-2T
MMOKAa3bIBAIOT, YTO BAJICHTHBIE KOJIeOaHUS (pTOp3aMe-
gL IIEHHBIX TPYII JieXaT B quamnazone 1100—1400 cm~!,
"\._ ) N OHM COOTBETCTBYIOT BaJIeHTHBIM KojiebanussMm C—F
" - (1198 u 1171 cm~!). Takxke B UK-criekrpe HabGmona-
gL L | . 1oTcst ABa nuka B obsactu 2800—3000 cm~!, oHu xa-
0.10 0.25 0.35 0.50 paKTepHHI IJIsT OMoAn3eIeii U3 paCTUTEIbHBIX Macell.
P, MIla Ha 3aBucuMocTH yOelbHOTIO BHEIXOOHOIO ITOTOKAa

Puc. 5. 3aBucumocTh BetmurHbBI pH nepmeara ot TpaHc-
MeMOpaHHOTIO JaBJCHMS TIPU pa3AesIeHU OpraHUYeCcKo-
ro pacTBOpa yepe3 MUKPOPUIbTpallMOHHbIE MEMOPAaHbI.

JIOT B TIepMeaT C TTOBBIIIEHUEM TPAaHCMEMOPaHHOTO
nasiaeHust. CienyeT oTMETUTh, YTo pH monxyyaemoro
nepmeata yepe3 MeMopany M@PO®K-2I" BrilIe, 4yeM
yepe3 meMopany MMK-0.45, uyTto, BepoSITHO, 00y-
CJIOBJICHO CEJICKTUBHBIMM CBOIICTBAMU MeMOpaH 10
OTHOIIIEHUIO K OpPraHMYeCKUM KHUCJIOTaM, PacTBO-
PEHHBIM B pa3aeIsseMOM BOITHO-OPTaHUIECKOM pac-
TBOpE.

SAKJIIOYEHHME

B pesynbraTte npoBeneHHbIX MK-crnekTpockomnu-
YECKMX U KUHETUYECKMX MCCIeI0BaHUI MpOHUIlae-
MOCTU MOBEPXHOCTHOTO CJIOSI MUKPOMDUIBTPALIMOH-
HBIX MeMOpaH MMK-0.45 1 MODPK-2T" MoxXHO cae-
JIaTh CJIEMYIOIIUE BHIBOIbI.

OCHOBHBIE TMKY (GYHKIIMOHAIBHBIX TPYI ITOJIM -
MEPOB B CIIEKTpaX CYyXOT0, BOJOHACBIIIIEHHOTO U pa-
Oouero odpas3uoB noaraMuagHoit Memopanbsl MMK-
0.45 cosmnanarot. ITojockl mmomiomeHus MoJIuaMuaa
650—5000 cm~! xapakTepusyloTcs MENTUIHON CBSI-
3p10. Jlut rrostocsl nipu 1650 cm~! xapakTepHBI KoJie-

GaHMs KapOOHWIBHON rpynmbl, a mpu 1550 cm~! —
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OT BpeEMEHHU HaOJI0AAI0TCSI HECKOJBKO IMEPUOIOB €TO
CHUXXEHUSI, UYTO, BEPOSITHO, CBSI3aHO C YAaCTUYHBIM
GJI0OKUpPOBAaHMEM TOP MeMOpaHbl OPraHUYSCCKUMU
coenuHeHussMu. CHmKeHne pH mepmeara a1 MeM-
6paH MMK-0.45 u MO®K-2I" B ntnana3oHe TpaHc-
MeMmbOpanHoro masiaeHus 0.1—0.5 MIla, BeposiTHO,
BBbI3BAHO TOBBILIEHMEM CKOPOCTH MUIPALIMKA Opra-
HUUYECKUX KUCJIOT B [IEpMeaT C ITOBBILIEHUEM ABUKY-
et CHIbl MUKPOMDUIIbTPALIMOHHOTO IIpoliecca.
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xonHble TexHojorun” u LIKII “ITomyyeHne u mpuMeHe-
Hue noandyHKIMOHAIbHBIX HaHoMarepuaioB” ®I'BOY
BO TTTV.

KOH®JIMKT MHTEPECOB

ABTOpr 3ad4BJIAIOT, YTO Y HUX HET KOH(I)JII/IKTa MHTEPECOB.

CITUCOK JITUTEPATYPBHI

1. Jlezosa O.C., Macnuxoe /I.B., Illunosa O.A., Heanosa A.1I,
Ceausanoe C.H. // AnbTepHaTUBHAs 3HEpPreTUKa M
akoJorusi. 2021. Ne 4—6(362—364). C. 93.
https://doi.org/10.15518/isjaee.2021.04-06.093-105

2. Fazullin D.D., Mavrin G.V., Sokolov M.P.,, Shaikhiev 1.G. //
Modern Appl. Sci. 2015. V. 9. Ne 1. P. 242.
https://doi.org/10.5539/mas. vOn1p242

2023



104

KOHOBAJIOB u np.

3. Ilpumauenxo O.H., Odunokoe A.C., bapabanoe B.I., 11. Vasil’eva V.I., Goleva E.A., Selemenev V.F., Karpov S.1I.,
Twonemanxoe B.I1., Mapunenxo E.A., logpman HU.B., Smagin M.A. // Russ. J. Phys. Chem. A. 2019. V. 93.
Heanues C.C. // XKypH. npukiagHoii xumuu. 2018. Ne 3. P. 542.

T.91. Ne 1. C. 110. https://doi.org/10.1134/S0036024419030221

4. Aamoinoe B.A., Kpasey JI. ., Pocaues A.A., Apmonen-  12. loneéa E.A., Bacuivesa B.U., Cenemenes B.D., Kysue-
xo M.A. // Hanounnyctpus. 2020. T. 13. Ne S2. C. 303. yos B.A., Ocmankosa U.B. // CopOLIMOHHbBIE U XpOMa-
https://doi.org/10.22184,/1993-8578.2020.13.2s.303.311 torpacdudeckue npoueccol. 2016. T. 16. Ne 5. C. 640.

5. Mapxoea A.U., Ipuecopvesa H.A., Heanosa A.H., Xunc- 13. Jloza C.A., 3abonouxuii B.1., Jloza H.B., Pomenxo M.A. //
usax C. /., Ruehl E., Ilaxomos I1.M. // XKypH. npukian- MeMGpaHbl 1 MeMOpaHHbIe TexHosioruu. 2016. T. 6.
Hoii cniekTpockornuu. 2022. T. 89. Ne 3. C. 348. Ne 4. C. 374.
https://doi.org/10.47612/0514-7506-2022-89-3-348- https://doi.org/10.1134/S221811721604009X
353 14. Caguna I'1ll., Jlpsxaoe B.O., laauxanoe M.D., Illaii-

6. Bynkun H.®., Kosnoe B.A., Kupvanosa M.C., Cagpo- xuee T U., Opudsand C.B. // BectH. TexHomor. yH-Ta.
nenxoe P.C., Boaoyxoea I1.H., Iopeaux B.C., xncypaes H., 2015. T. 18. Ne 14. C. 229.

Caobupos JIM., I[Ipumenko A.D., By M.T. // Ontuka u  15. Ilaxomuna H.H., Ocaduuii FO.Il., Ilaxomun H.E. //
cunexkTpockonms. 2021. T. 129. Ne 4. C. 472. HNHubopmanmonHas cpena By3a. 2016. Ne 1(23). C. 244.
https://doi.org/10.21883/08S.2021.04.50777.241-20 16. Ocaouenrko C.B., Mexcyes 4.0., Kopwax [O.B.,

7. Liang Z., Chen W., Liu J., Wang S., Zhou Z., Li W., HlImunvman M.H. // BectH. Hwuxkeropoa. yH-Ta
Sun G., Xin Q. //J. Membr. Sci. 2004. V. 233. Ne 1-2. uM. H.U. JlobaueBckoro. 2013. Ne 2(1). C. 79.

P. 39. 17. http://www.vladipor.ru/catalog/show/ (maTa o6parue-
https://doi.org/10.1016/j.memsci.2003.12.008 Hug 07.02.2022).

8. Jazapes C.HU., Haeopnos C.A., Koeanses C.B., Konosa-  18. https://www.technofilter.ru/catalog/laboratory-fil-
206 JI.H., Kopuee A.FO. // TloBepxHOoCTb. PeHTreH., tration/filtry-dlya-laboratoriy/ (mata oOpalueHuUs
CUHXPOTp. ¥ HeUTpOoH. mccien. 2022. Ne 1. C. 86. 07.02.2022).
https://doi.org/10.31857/51028096022010095 19. Lazarev S.I., Kovalev S.V., Konovalov D.N., Lua P. //

9. Jlazapee C.H., Xopoxopuna HU.B., Jlazapes /].C., Mu- Russ. J. Electrochem. 2021. V. 57. Ne 6. P. 607.
xaiinrun M. U., Apzamacues A.A. // TloBepxHOCTb. PeHT- https://doi.org/10.1134/S1023193521050098
reH., CUHXPOTp. M HEUTpoH. uccierd. 2021. Ne 6. C. 45. 20. Kuepeaoman E.HU., Apyaaun P.C., Jaswidosa I H.,
https://doi.org/10.31857/5102809602106011X Cmapuesa I'1l., Yypkuna B.A., Mamkoeckuii I1.E., An-

10. Cmuprnosa H.H., Kympoeckas C.B. // ZKypH. npukian- dowun C.M. // BectH. Ka3zaH. texHoJor. yH-Ta. 2008.

"ot xumuu. 2016. T. 89. Ne 2. C. 265.

Ne 6. C. 68.

Spectroscopic and Kinetic Investigations of the Permeability of the Surface Layers
of Membranes in the Process of Microfiltration Separation of Water-Organic Solutions

D. N. Konovalov" *, 1. V. Khorokhorina!, S. I. Lazarev!, S. A. Nagornov?, A. Yu. Kornev2, S. 1. Kotenev!
!Tambov State Technical University, Tambov, 392000 Russia
2All-Russian Research Institute for the Use of Machinery and Petroleum Products in Agriculture, Tambov, 392000 Russia
*e-mail: kdn 1979dom@mail.ru

IR spectroscopy was used to study the structure of the surface layer of air-dry, water-saturated and working
samples of microfiltration composite membranes MMK-0.45 and MFFC-2G based on polyamide and flu-
oroplast, respectively. IR spectra were analyzed in the frequency ranges 500—1700 and 2800—3400 cm~!. In
the case of the polyamide membrane, the main peaks of the functional groups of polymers in the IR spectra
of dry, water-saturated, and working samples coincide. The absorption bands of polyamides range from 650
to 5000 cm™!, corresponding to the peptide bond. In the absorption band of 1650 cm™!, bending vibrations of
the carbonyl group occur, and in the band of 1550 cm™!, bending vibrations of the N—H bond are observed.
The 3500—3000 cm ™! region is the stretching vibrations of the NH, OH and water groups. In the case of the
working sample of the MFFC-2G fluoroplastic membrane, the stretching vibrations of the fluorine-substi-
tuted groups lie in the range 1100—1400 cm™!; they correspond to the C—F stretching vibrations (1198 and
1171 em™"). The IR spectrum also shows two peaks in the region 2800—3000 cm™~'; they are characteristic of
biodiesels from vegetable oils. Studies of the specific output flow and the change in the pH of the permeate
depending on time and transmembrane pressure were carried out. There are several periods of a decrease in
the specific output flux depending on time, which is most likely due to the unblocking of the membrane pores
by organic compounds in the solution being separated, and the possible formation of a boundary gel layer.
The decrease in the pH of the permeate with an increase in the transmembrane pressure on the MMK-0.45
and MFFC-2G microfiltration membranes is probably due to an increase in the rate of migration of organic
acids through the helium layer and the working layer of the membrane.

Keywords: microfiltration membrane, pore space, transmembrane pressure, structure, IR spectroscopy,
stretching vibrations.
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