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Anomauin. Axmyanvuicms 00CIIONCEHHS 3YMOGIEHA HeOOXIOHICIIO NIOGUEHHSL PeCyPCoepekmueHoCcmi ouu-
Wenns: OYPAKOBUX eKCMPAKMIE | 3MeHUEeHHs 8Mpam caxaposu Ha MeMOpanHux cmadiax eupobnuymsea. Yiempa-
Qinempayis oac 3m02y 8UOANAMU BUCOKOMONEKYIAPHI HEYYKPU 3d NOMIPHUX MeMNepamyp, 0OHAK YACMUHA Yilbo-
6020 KOMNOHEHMA 3ATUWAEMbCS 8 KOHYEeHMPami ma 6mpaiacmscs pazom iz Hum. 3acmocysanns oiaginempayii
CcMBOPIOE nepedymosu 0151 000AMKOB020 BULYHUEHHS CAXAPO3U, NPome eqheKmuHICnb npoyecy iCIMOmHO 3a1eHCUNb
80 pedicumy nodasamHs 800U, YACmKU Gi0iOpano2o nepmeamy ma Kilbkocmi cmynerie posoasienns. Tomy nopis-
HAHHS 0e3NepepeHOcO | Nepepusuacimnozo pexcumis diaginempayii ma 6CmMaHo81eHHA PAYIOHATbHUX NAPAMEmpie
iX nposedents € akmyanbHUM HAYKO8O-NPAKMUYHUM 3A60AHHAM OJisl pO3POONEHHs eHepeo- Ma PecypcoeheKmusHux
MEexXHON02Il YYKPOBO20 BUPOOHUYMEA.

B pobomi suxopucmano excnepumenmanvri 0ami yiempagirempayii ineepmosanoco 0ypsaKo8020 eKCmpakny Ha
Membparax 3 8i0cikauow 30amuicmio no monexkyaapuin maci (Cut-off) 10 ma 50 x/la. y rabopamopniu ycmarosyi
nenpomounoeo muny. Egpexmusna nnowa memobpan cmanosuna 1,38-1073i 3,42-1073 m> Hoei membparnu ywinvhio-
sanu inbmpysaHusam OUCmunbo8anol 6oou npomsieom 2 200 3a mucky 0,8 Mlla. /iaginempayiio oyiniosanu 3a
mamepianeHuMy OAnaHCamu Yinb08020 KOMNOHEHMA 015 NOCMIIHO20 00 €My Ma CIMYNIHYACTIO20 KOHYEHMPYEaAH-
HA. Dakmop npoHUKHOCMI MeMOPAnU 3a Caxapo3010 GUSHAUEHO eKCNePUMEHMANbHO-PO3PAXYHKOGUM MEMOoOOM, 015
membpanu 10 k/la éin cmanoeus 0,55.

Bcemanosneno, wo na nepwiomy cmyneni wacmia idibpanozo nepmeamy ne nogunna nepesuugysamu 0,50 no-
4amKo6020 00 €My uepe3 HaKONUYEHHs CYXUX peuosun y konyenmpami. 11icisi KodcHo20 HACMYNHO20 PO38E0eH s
oonycmumutl 8i00ip moodice oOymu niosuwenuti 0o 0,80, a na 3agepwanvromy cmyneni — 0o 0,90. 3a cymapnoeo cnig-
sionowenns V,/V, = 3,0 pospaxynrosi émpamu caxaposu 3 Konyenmpamom cmanosunu 1,9% ons womupucmynin-
uacmoeo nepepuguacmozo pedcumy ma 19,2% ons 6esnepepsrozo pesicumy. besnepepsne pozobasienns nomenyiii-
HO 3abe3neuye suwy NUMoOMy npoOyKMUEHICMb yepe3 HUICYY KOHYEHMPAYilo pOZUUHEHUX PEeYO8UH, ale YIEOPIOE
Oinbw pozbasnenuti nepmeam i NOMpedye OiNbUUX eHepeosUmpPam Ha noo0aIbule KOHYEHMPYBAHHS.

lepepusuacme yomupucmyninyacme po36asients € payioHATbHUM PENCUMOM GUILYYEHHSL CAXAPO3U 3 KOHYEH-
mpamy memobpanoro (Cut-off) 10 k/la. Hayxoea nosusna nonseac y 6cmano6ieHti KilbKiCHOI 3a1eHCHOCMI 3auul-
KOBUX 8MPam caxaposu 8i0 pexicumy nooasanus diaginempayitinoi 600u ma cmynens 6i000opy nepmeamy. 3anpo-
NOHOBAHULL PEACUM MOJIce OYMU GUKOPUCIANULL NIO 4aAC NPOEKMYBAHHSL PeCypPcoehekmueHol mexnonoeii ouuuyenns
OYPSAKOBUX eKCMPAKMIE.

Knrwuosi cnosa: yrempaginempayis, diaginempayis, oOypaxosuil excmpakm, caxaposa, memoparna (Cut-off)
10 x/la, nepepusuacme posdasnenns, benepepsre po3oasieHHs.
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IMocTanoBka mpo0seMu B 3araTbHOMY BUIJISITI.
BapomemOpanHi mporiecH B IyKpOBili IPOMHUCIOBOCTI
JIOC1 3aCTOCOBYIOTHCSI OOMEKEHO — 37e01IbIIOro
yepe3 BeJHKi 00T BUPOOHHULITBA Ta Opak cucTeMa-
TUYHUX AOCHIDKEHb. Y TomnepenHiii poOoTi aBTopiB
[1] Oyino excrepuMEHTAJIbHO JOCHIKEHO YJbTpa-
¢inpTpaniiiHe OYMILNEHHS 1HBEPTOBAHOTO OypsIKO-
BOTO EKCTPAaKTy B yCTAHOBKaxX HEMPOTOYHOTO THITY
3actocoByroun mMemOpanu i3 cut-off 10 Ta 50 x/la:
MOKa3aHO 3aJIeKHICTh MUTOMOI MPOJYKTUBHOCTI Ta
CEJIEKTHBHOCTI MeMOpaH Bifl TUCKY U TeMIeparypH,
i 3po0JEeHO BHCHOBOK NpO MepeBary MeMOpaHH
10 x/1a 3a cenextuBHicTIO. BogHouac y miii myOmika-
uii Oymo 3a3HavyeHo, 110 JKOAHA 3 JBOX MeMOpaH He
3a0e31edye MOBHOTO OUMIIIEHHS PO34MHY Bijg Oanact-
HUX CIOJYK, @ BUPINICHHSIM NPOOJIEMH 3aUIIKOBOL
caxapo3W B KOHIEHTPATi MO)Ke OyTH 3aCTOCYBaHHS
niadinerpanii — mpouecy, skuid 'y po6oti [1] nume
3rajlyBaBCs sIK HaNpsIM TOAAIBIINX JOCTIKEHb 1 He
CYNPOBOJIXKYBABCSI JAHUMH.

AHaji3 ocTaHHiX J0cC/igxKeHb i myOikamiii.
AKTHBHE BIPOBAKCHHST MEMOpPaHHUX IPOIECiB
B Xap4oBY ITPOMHCIIOBICTH TIOB'SI3aHO 3 MOYJIUBICTIO
PO3IUIATH PO3YMHU HA MOJEKYJISIPHOMY piBHi, 30e-
pirarouu npu NbOMY HaTHBHUH CTaH IIHHUX KOMIIO-
HeHTIB. HaliOunem nommpeni 6apoMeMOpaHHi mpo-
LecH: MIiKpo-, yabpTpadiie Tpaiis, 3BOpOTHIH 0cMoc,
PYLIIHHOO CHJIOKO SIKHX € PI3HUI THCKY. Y IIYKPOBiit
MIPOMHUCIIOBOCTI I TEXHOJOT1] MPaKTUYHO HE 3aCTO-
COBYIOTBCSI, IO MOB'S3aHO 3 BEIUKUMH OOCSTaMH
BUPOOHUIITBA Ta HEAOCTATHBOIO KITBKICTIO HAYKOBUX
JOCII/PKeHb y ik oOnacti. OgHak, BiloMi poOOTH,
B SIKUX OTIMCAHO, SIK yIbTpadIbTpaIi€lo OUHIIAIH Bij
HEIYKpiB zmq)y3i1‘/'1Hi COKH, OTPHUMaHi, SIK 3 TPOCTUHH
[1, 2], Tak i ILyKPOBOTO 6ypsn<a [3— 5] e mo3Bommiio
3HU3UTH KOJIBOpOBlCTI) 1 KQIaMyTHICTh PO3YMHIB 10
60 i 78% sinmoBiguo [1, 3, 4], npu HBOMY CIIOCTE-
piranacsi HU3bKa CEJEKTHBHICTH MeMOpaH Mo caxa-
po3i — Big 6,74 o 17,68% [2], mo pobuiio BTparu
L1TbOBOTO KOMIIOHEHTA 3 KOHLIEHTPATOM ITOMIPHUMH.
Jiist oTpEMaHHS BUCOKOTO CTYIICHSI OUHMILICHHS TAKOTO
COKY, He0OX1THO Horo 0OpoOIIsAITH HE TiJIbKH YIIbTpa-
¢inpTparieto, aje i JOOUYHIIYBaTH afcopOeHTaMu ado
10HOOOMIHHMMH cMoJiamH [ 1].

[Momanpiii TOCHIHKEHHS M ITBEPIUIN, M0 eheK-
TUBHICTh MEMOpPAaHHOTO OYMILIECHHS 3aJeKHTh He
JIMIIE Bl po3Mipy mop MeMOpaHw, aie i Bix ii mare-
piay, mornepeaHbLoro 00poOICHHS CUPOBUHM Ta Tijl-
poauHamivyHKX yMOB mipouecy. Z. Zhu i H. Mhemdi
JOCHIDKYBAJIM TYIHKOBY ynbrpadinmsrpamito Oypsi-
KOBOTO COKY, OJIEpKaHOTO0 3 TOTepeIHb0 00pobIeHol
IMITYJIbCHUM €JICKTPUYHUM I10JIEM CUPOBHHHU [6].

[TepcneKTUBHICTD TIPOMHUCIIOBOTO 3aCTOCYBaHHS
KepaMiuHUX MeMOpaH MiATBEPKEHO TIiJI Yac MiJIoT-
HUX JIOCIIJUKEHB YIbTpadLIbTpallii TPOCTHHHOTO COKY
MPOAYKTUBHICTIO 5,5 M*/ro1 [ 7]. BukopuctanHs MeMO-
paH i3 po3mipom mop 0,05 MKM 3abe3nednio cepen-
Hii motik mepmeary 119,13—142,43 am3/(m?-Tox),
3HWKEHHsI KaJlaMyTHOCTI Ha 99,96% Ta KoJIIbopoBOCTI
Ha 10,42%. YncTtoTa OYUIIICHOTO COKY ITiIBUIIUAIACS
Ol HIX Ha 1,2 OMUHMIT.

J. Luo 31 cmiBaBTOpaMu 3anporoOHYyBaJIM 1HTeE-
rpOBaHy CXeMy MEMOpPaHHOTO OYHIICHHS TPOCTHH-
HOTO COKY 3 BUKOPHCTAHHSIM MOJIMEPHHUX MeMOpaH
3a MABUIICHOI TemrepaTrypu [8]. YcTaHOBIEHO, IO
TEMIIePaTypHUH PEKUM CYTTEBO BIUIMBAE HA B’S3-
KICTb COKY, MPOHUKHICTh MEMOpaHHu, IHTeHCUBHICTh
KOHIICHTPALIHHOT moJsipu3aliii Ta opMyBaHHS 1Iapy
3a0pyIHEHbD.

[lepcreKTUBHUM HANPSIMOM € TaKOX OUYWIICHHS
MOOIYHUX TPOAYKTIB ITyKpPOBOTO BHPOOHHIITBA.
M. Sjolin 3i criiBaBTOpamM# TOCIIHIH KEpaMidHi yiTb-
Tpa- Ta HaHOQUIBTPALIHHI MEMOpaHH ISl OUUIIICHHS
caxaposu B OypsikoBiii Mesici [9]. Ynprpadinsrparis
3a0e3redyBasia BUAAJICHHS MTEPEBAKHO BHCOKOMOJIE-
KYJSIPHHX 1 3aBHCIHMX JIOMIIIOK, TOMI SIK HAHO(Ib-
Tparisi XapakTepu3yBaJlacsi BHIIOIO CEJIEKTHBHICTIO
1010 HEIYKPIB 1 J1aBajia MOXKJIUBICTh €(DeKTUBHIIIIE
T BUIIYBaTH YUCTOTY CaXapO3HOTO PO3UMHY.

VY3aranpHEHHSI CydacHUX IOCHIKEHb, BUKOHAHE
H. Zhang 3i criiBaBTOpamMu, okas3ajo, mo MeMOpaHHi
MPOIECH JAal0Th 3MOTY CKOPOTHUTH BUKOPHCTAHHS
BalHa, JIOKCHAY CIpKH Ta iHIIWX peareHTiB, 3MEH-
ITUTH YTBOPEHHS OCAiB 1 OACPKYBATH IIyKPOBI PO3-
YUHU TiABUIICHOI SKOCTi [10].

®opmyBaHHsl Mijieii crTarTi. Meroo mocmi-
JOKEHHSI € TIOPIBHSHHS O€3MepepBHOTO Ta MepepH-
BYACTOTO PEKUMIB PO30aBICHHS KOHIIEHTPATy IIiJl
gac miadiapTpaIifHOTO OYMINEHHS OypsIKOBOTO
eKCTPAKTy Caxapo3H.

Marepianu i meroau. Buxigawii OypsKoBHiA
eKCTpaKT MaB MapaMeTpH, HaBeAeHI B TaOmuII. 1.

JlocmimKkeHHsT TIPOBOAWMIN Ha OapomMeMOpaHHIH
JabopaTopHii YyCTaHOBIII HEITPOTOYHOTO THITY 3 €PEeK-
THBHOIO Tromero MeMopan 1,38-1072 1 3,42-1073 m?,
Ha memOpanax (Cut-off) 10 x/la Ta 50 x/la. Hosi
MeMOpaHH TIONIEPEIHBO BIMIIPECOBYBAIN IPOTATOM
2 ron GiTETPYBaHHSIM AUCTHILOBAHOI BOIH IIPH TUCKY
0,8 MIla. [TuToMy NPOAYKTHBHICTH i CENEKTUBHICTD
BU3HAYAIIM 32 CTaHAapTHUMHU IJisi 6apoMeMOpaHHUX
npoueciB CHIBBIJTHOIIICHHAMU 00'€eMy nepMeary Jo
TUTOIII MeM6paHH i yacy BiJI0OPY MpoOu Ta BijHOC-
HOI pi3HUII KOHHGHTpaHII/I KOMIIOHEHTa B TIepMeari
1 KOHIIEHTpATI.

Tabmums 1

IMapameTpu GypsiKOBOro eKCTpPakTy nepea yjasTpadiasrpaniero [11]

Konuenrtpauis

Cyxi peuyoBrnH, %
yx'p > caxaposu, %

Yucrora, %

pH | KoasoposicTs, 01. onT. rycr.

Konuenrpauis 0inkis, %

14,5 88,5 13,3

4,7 2922

0,454
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Jnst TOpiBHSIHHS PEXUMIB po30aBICHHS 3aCTO-
coByBaJM OanaHCOBI PiBHSHHS AiadinbTpaniiiHoro
PO3MIJICHHS JBOKOMIIOHEHTHUX PO3YHUHIB, 1O MOB'sI-
3yI0Th KOHLeHTpalito nepmeary C, i konuenrpary C,
3 BHUXIIHOIO KoHIIeHTpaIliero Co, 00'€eMOM BUXIJTHOTO
posunny Vo, o0'eMoM oxepkaHoro mepmeary V,
1 (hakTOpOM MPOHUKHOCTI MEMOpaHU MO LITHOBOMY
kommnoneHTy P, (0...1). i cniBBiHOIIEHHS JO3BOIS-
I0Th NIPOTHO3YBAaTH KOHIIEHTPAII0 caxapo3u B Mep-
Meari ¥ KOHIEHTpaTi OKpeMO Ui ABOX PEKUMIB
BEZICHHS MPOLIECY:

Koeoiuient Binbopy nepmeary (Binnomenns V /Vo)
BHU3HAYa€, SIKY YACTKY BHXIIHOTO DO3YMHY MOXKHA
TPOITYCTHTH Kpi3b MeMOpaHy 10 MOMEHTY, KOJIH
BMiCT PO3YMHEHUX PEYOBHH y KOHIIEHTpATi AOCSTHE

20% 1 BUILle — PiBHS, 32 SKHM I[UTOMA TPOJYKTHB-
HiCTb MEMOpPaHHU Pi3KO 3HIDKYeThes. Bemmuuny P, s
MemOpanu 10 k/la po3paxoByBanu Ha miJcTaBi eKcIie-
PUMEHTAJILHUX JIAHKX 3 MOMEPEAHIX JOCTIHKEHb [ 11].

Bukiaax ocHOBHOro martepiajy AocC/IigKeHHs.
Bceranosneno [11], uo mpu tucky 0,3 Mlla nuroma
poAyKTUBHICTE MeMOpanu 50 k/la mocsrana mak-
cumymy 12,2 nm*/(m?-Ton), ToAl SIK HpOI[yKTI/IBHICTL
10 x/{a MPAKTUYHO HE 3ajieskana BiJl THCKY 1 TpUMa-
Jacs Ha piBHI 6,7 OM3/(M?'TOI) y BCbOMY JOCIIiJDKe-
HoMy niama3zoHi. CeJeKTUBHICTH 000X MeMOpaH 3a
CYXHMH PEYOBHHAMH, Caxapo3010 1 OijKaMu 3pocrana
mpu 0,5 MIla, 110 NOSICHIOEThCS YIIUTLHEHHSIM JIHA-
MIYHOTO IIapy Ha MoBepxHi MemOpanu. [Ipu minBu-
LIeHHI Temneparypu po3uuny Bix 30 mo 85 °C cenek-
TUBHICTh TI0 Oinkax 3pocrtana 3 63,22 mo 66,96%,
a 3HWKEHHS KOJIbOPOBOCTI ACUIO0 MOCTa0II0BANIOCS —
3 98,62 mo 97,02%, mpu 1bOMY CEJIEKTHUBHICThH IO
CyXHuX pedyoBHHaxX i caxaposi (37,93 i 43,61% Bin-
MOBIIHO) Bij| Temreparypu He 3ayiexana. OCKiIbKU
HarpiBanHs Buiie 60 °C momarkoBo crpusie pyHHY-
BaHHIO MOJIEKYJ caxapos3u, temmeparypor 60 °C
OyJ10 BU3HAHO PAIliOHAJILHY BEPXHIO MEXKY MPOIIECY.

I{i BUCHOBKM BH3HAYMJIM BHXIJHI yMOBU (MeMOpaHa
10 x1a, remneparypa 60 °C), 3a sIKMX Haa1i BUKOHY-
BAJIOCS MOPIBHSHHS PEXKUMIB PO30aBICHHSI.

Otpumani gani [11] € miarpyHTsIM Ais MpoBe-
JICHHSI EKCTIEPUMEHTAIILHIX Ta TEOPETHYHHX JIOCITi-
JOKEHb Tpoliecy fiaduibTpaltii. Y Tadbmui 2 HaBeIeHi
pe3y/BTaTH MOMEPEIHIX SKCIICPUMEHTIB, KOJIU BUXiJI-
HUH cik OyB po30aBieHHH IMCTHUILOBAHOIO BOJOIO
B 2 1 10 pa3iB. B 000x Bumajmkax B mepmeari CIo-
CTepIraeTbcsi HU3bKHMI BMICT caxapo3, 110 BUMAarae
3HAYHUX €HEPrOBUTPAT HA 1i KOHLIEHTPYBAaHHS.

Takox Oynu mpoBeZeHI OOUMCIICHHS 3a JOIOMO-
TOI0 PO3PaxXyHKOBUX 3aJIC)KHOCTEH Uil BU3HAUYCHHS
OlTbIT eeKTHBHOTO CIOCco0y pPO3IiIeHHST OypsSKo-
BOTO €KCTPAKTy 3 METOI0 MiHIMaJbHHX BTpAT caxa-
po3u. KinbKicTh pO3UMHEHUX PEYOBUH B KOHIIEHTPATI,
OJICP)KyBaHOMY TIpH yIbTpadinbrpaii, K MpaBuio,
He nepeButye 20-24%, 1m0 TOB'13aHO 3 Pi3KUM 3HU-
JKEHHSIM TTUTOMOT MPOAYKTUBHOCTI MeMOpaH. Tomy,
SKIIO He 3acTocoByBaTH miadimerparito [11], To
BTpaTH caxapo3u OymyTh 3HauHUMH [ 11].

Cnouarky OyJio BH3HAu€HO KOedillieHT BiaOOpy
nepMeary, SIKMH XapaKTepu3ye CHiBBiJTHOIICHHS
00’emy mepmeary Vp i modarkoBoro 06’emy Vo
po3uuny. Bin nokasye, siIKy 4aCTHHY PiAMHU MOXHa
MPOITYCTUTH Kpi3h MeMOpaHy, 0 MOMEHTY, KOIIU
KUIBKICTh PO3YMHEHUX PEYOBHH B KOHIICHTPATI
nocsirne 3HadeHb 20% 1 Oinpme. Otpumani nasi
300paxkeHi Ha puc. 1. Pozpaxynku Oyiu mpoBeseHi
3a KOHIICHTPAIII€I0 Caxapo3d 3a BiIAMOBIIHIUMH PO3-
pPaxXyHKOBMMHU 3aJIeKHOCTSMM, 3HaueHHd P, pos-
paxoBaHe 3a EKCIEPHUMEHTAIBHO-PO3PaXyHKOBUM
METOJIOM Ha IIiJICTaBi €KCTICPUMEHTAIBHUX TaHUX.
Jia mem6panu 10 x/la P, = 0,55. 3 omsiny Ha e,
110 KpiM caxapo3W B KOHIIEHTpaTi MPUCYTHI H iHMI
pEeYOBHHH, 3p00JIEHO BUCHOBOK, 110 Bigdip mepme-
aTy Ha NEpLIOMY eTari KOHIEHTPYBaHHS HE IIOBH-
HeH nepeBumryBat 50%.

Tabmuus 2
Pe3yabraTn ekcniepuMeHTAJIBHUX A0CIITKeHb npouecy Aiadgiabrpauii
(P =0,1 MIIa, mem6pana 10 x/la, remneparypa 20 ° C)
Creninb po30aBJieHHs Tun po3unny Cyxi peyoBunu, % Konuenrpauisi caxaposu, % KoanoposicTb
5 KOHIICHTPAT 7,2 6,1 46,6
Y opas repmear 6,3 ~1,5 46,4
10 pasis KOHIICHTpPAT 32 <1,5 24,2
yUp repmear 2,8 <15 22,6
Tabmusa 3

EdexTuBHicTh BuIyyeHns: caxapos3u (Ha 1 m® BuxigHoro pozuuny) [22]

IlepepuByare po30oaBiieHHs Hocriiine po3daBiaeHHs
eran | V| €,o Ve s omenpatom % | VPV | €% | e | s comensparow %
1 0,5 8,43 0,5 68,3 0,5 6,37 0,5 76,1
2 1,3 7,42 1,3 27,5 1,3 5,25 1,3 48,7
3 2,1 5,66 2,1 10,6 2,1 4,34 2,1 31,5
4 3 4,35 3,0 1,9 3 3,58 3,0 19,2
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Puc. 1. 3mina konuenTpamii caxapo3u B konuenrpari (1) i nepmeari (2)
B 3aJ1€2KHOCTI Bijl KiIbKOCTI mepmeara, mo Bindupaersea. MemOpana 10 k/la
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Puc. 2. 3aneskHicTh KOHIEHTpaLii caxapo3u B KOHUEHTPAaTi (cyuiabHi JaiHii) i mepmeari
(nyHKTHPHI Jinii) B npoueci nocriiinoro (1) Ta nepepuByaroro (2) po3dasJieHHs
Bill paKkTOPY NPOHMKHOCTI po3unHeHoi peuoBuHHu. [Ipu pospaxyuky opaau V,/V, = 0,5
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Puc. 3. Po3paxyHkoBi 3Ha4eHHs1 3MiHU KOHLIEHTPAaLil caxapo3u B KOHIEHTPATi

(cyuiabHi Jinii) i mepmeati (mynkTupHi JiHii) B mpoueci mocTiiinoro (1)
Ta nepepuB4aToro (2) pozodasjenns. Memopana 10 k/la
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Ha puc. 2 nokasaHo, sk BIMBae P, Ha KOHIIEH-
Tpamiro caxaposu. llpu pospaxyHkax mpuimManocs
CIIBBIIHOIICHHSI Vp/V0 =0,5. Buano, 1110 3MEHIIIEHHS
BeIMYMHU Pc HEraTHBHO BITMBAE HA MPOIIEC POHUK-
HEHHS Kpi3b MeMOpaHy caxapo3u, MiABHIIYIOYH IpU
upoMy ii BTparu 3 koHIeHTpaToM. OHaK, HeOOXi1THO
BpaxoByBaTH, IO II¢ TOKPAIIy€ SIKICTh OUYUIICHHS
BiJl HELIYKPIiB. 3 €KCIIEPUMEHTAILHUX JIaHUX, MOXKHA
3p0oOUTH BUCHOBOK, IO JUIsi MEMOpaH 31 3HAYCHHSIM
P. < 0,55 (mo caxapo3i) cTyniHb OYMIICHHS OypsKO-
BOTO €KCTPaKTy Oyne 3a7J0BUTEHUM.

bymo Takoxx cmporrozoBano (puc. 3) mporec
MOCTIMHOTO Ta MEepPEepUBYATOrO PO30aBieHHS (YOTH-
prOX cTymiHdactoro). Po3paxyHkoBi Touku Oynu
aNPOKCHMOBAHI BiIMOBIAHUMHU PIBHAHHSMH, 3 SKHX
Oynu oTpuMaHi cepeaHi 3HaueHH (3a hopmyiroro (1))
KOHIIEHTpAIIi caXxapo3u Ha KO)KHOMY €Talli.
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X—X0 X0
Ie — cepemHs KOHIIGHTpalis caxapo3u, %

X,, X — [I0YaTKOBE Ta KiHIIEBE 3HAYEHHs BIAPI3Ky, HA
SIKOMY BH3HAYa€ThCsl cepelHs BenuuuHa (X=V /V));
C(x) — (yHKIiS 3MiHN KOHIIGHTpAIli caxapo3w Bif
BEJIMYMHHU X, OTPUMaHa [UISXOM alpoKCUMAaIlii po3-
PaxXyHKOBHX TOUOK.

Po3paxyHku mokasaiu, o Ha JAPyroMy 1 HacTyIl-
HUX eTanax KOHIEHTPYBaHHS (IIPH MepepUBYACTOMY
po30aBieHHI) BigOip mepmeary MOKHA 30UTBITATH
1o 80%, a Ha octaHHROMY B3araii g0 90%. Anamiz
puc. 3 mokasye, 1Mo TUTOMa MPOAYKTUBHICTH MEMO-
pan 10 x/la, mBumme 3a Bce Oyae OinmbIne Mpu

NOCTIHHOMY p030aBleHHI, TOMY IO KiIBbKICTH PO3-
YMHEHUX PEYOBHMH MPOTITOM BCHOTO Mpolecy Oyie
MeHIIe. Y Tabnwii 3 HaBeleHi JaHi Mono eeKTuB-
HOCTI BHJIYUEHHS caXapo3u 1T 000X BHUITAIKIB.

BucHOBKH i mepcrnieKTHBH NMOAATBIINX J0CTi-
JTKeHb y 1aHOMY HanpsiMi. BcTaHoBiieHo:

1. Ins ynerpadinerpaiiiHoro o4IieHHs iHBepTo-
BaHOTO OYPSKOBOTO €KCTPAKTY MiATBEPIKEHO 0L~
HicTh BUKOpucTaHHS MemOpanu 10 x/la; dakrop ii
TIPOHUKHOCTI 3a CaXapo30i0 CTaHOBUTEL Pc = 0,55.

2. Ha mepmiomy cTymneHi KOHLIEHTPYBaHHS BiJl-
O0ip mepmeary JOLIJIBHO OOMEXKYBAaTH 3HAYCHHSIM
V,/Vo = 0,50. [Ticist po3BeneHHs TOMYCTUMUIA BiI0ip
MoxkHa migsuiryBaru A0 0,80, a Ha 3aBepIIAIEHOMY
cryneni — g0 0,90.

3. 3a cymapaoro V,/Vo = 3,0 po3paxyHKOBi BTpaTH
caxapo3W 3 KOHIICHTPATOM CTaHOBIATH 1,9% s
YOTHPHUCTYIIHYACTOTO NepepuByacToro Ta 19,2% mist
Oe3mepepBHOro pexumy. OTke, 32 KPUTEPiEM BUITY-
YEHHS caxapo3u IepepuByacTe po30aBiIeHHs € edek-
THBHIIIAM.

4. besmepepBHUN peXUM MOXe 3abe3medyBaTh
BUIILY MMUTOMY TPOAYKTHBHICTh MEMOpaHH 3aBISIKH
HIDKYOMY BMICTY PO3YMHEHHMX PEUOBHH, ajie TOTpe-
Oye OUTBIIMX BUTPAT HA MOJAJIbIIE KOHLIEHTPYBAHHS
PO30aBICHOTO NIepMeary.

TakuMm 4YWHOM, [UISI PO3MAUIEHHS OypsSKOBOTO
eKCTpaKTy palioHaJbHO BHUKOPHCTOBYBAaTH MEMO-
pany 10 x/la, ToMy 110 y MOpiBHAHHI 3 MeMOpaHOIO
50 KJIA BOHa Mae BUIY CEJCKTUBHICTH 38 CyXHUMHU
peuoBuHaMu Ha 29-34% Ta 3a Oinkom Ha 5,5-6,4%.

CIIMCOK BUKOPUCTAHMUX JI’)KEPEJI
1. Hamachi M., Gupta B. B., Ben Aim R. Ultrafiltration: a means for decolorization of cane sugar solution. Separation

and Purification Technology. 2003. Vol. 30. P. 229-239.

2. Bhattacharya P. K., Agarwal S., De S., Rama Gopal U. V. S. Ultrafiltration of sugar cane juice for recovery of
sugar: analysis of flux and retention. Separation and Purification Technology. 2001. Vol. 21. P. 247-259.

3. Seres Z., Gyura J., Eszterle M., Djuric M. Separation of non-sucrose compounds from syrup as a part of the sugar-
beet production process by ultrafiltration with ceramic membranes. European Food Research and Technology. 2006.

Vol. 223, No. 6. P. 829-835.

4. Hakimzadeh V., Razavi S. M. A., Piroozifard Mir Kh., Shahidi M. The potential of microfiltration and ultrafiltration
process in purification of raw sugar beet juice. Desalination. 2006. Vol. 200. P. 520-522.

5. Loginov M., Loginova K., Lebovka N., Vorobiev E. Comparison of dead-end ultrafiltration behaviour and filtrate
quality of sugar beet juices obtained by conventional and “cold” PEF-assisted diffusion. Journal of Membrane Science.

2011. Vol. 377. P. 273-283.

6. Zhu Z., Mhemdi H. Dead end ultra-filtration of sugar beet juice expressed from cold electrically pre-treated
slices: effect of membrane polymer on fouling mechanism and permeate quality. /nnovative Food Science & Emerging
Technologies. 2016. Vol. 36. P. 75-82. DOI: https://doi.org/10.1016/j.ifset.2016.05.016.

7. Li W, Ling G.-Q., Shi C.-R., Li H. Pilot demonstration of ceramic membrane ultrafiltration of sugarcane juice for
raw sugar production. Sugar Tech. 2017. Vol. 19. P. §3—88. DOI: https://doi.org/10.1007/s12355-016-0434-1.

8. Luo J., Hang X., Zhai W., Qi B., Song W., Chen X., Wan Y. Refining sugarcane juice by an integrated membrane
process: filtration behavior of polymeric membrane at high temperature. Journal of Membrane Science. 2016. Vol. 509.
P. 105-115. DOI: https://doi.org/10.1016/j.memsci.2016.02.053.

9. Sjolin M., Thuvander J., Wallberg O., Lipnizki F. Purification of sucrose in sugar beet molasses by utilizing ceramic
nanofiltration and ultrafiltration membranes. Membranes. 2020. Vol. 10, No. 1. Article 5. DOI: https://doi.org/10.3390/

membranes10010005.

10. Zhang H., Luo J., Liu L., Chen X., Wan Y. Green production of sugar by membrane technology: how far is
it from industrialization? Green Chemical Engineering. 2021. Vol. 2, No. 1. P. 27-43. DOI: https://doi.org/10.1016/

j.gce.2020.11.006.

91



Haykosuii gicHuk [Tonmasceko20 yHigepcumemy eKOHOMIKU | mopaigni ISSN 2518-7171 (print)

11. Cuzonenko O. 1., 3mieBcbkuii 1O. I'., Kpanusauipka 1. O., Muponuyk B. I'. Jlocnipkenns npouecy ynbrpadiib-
TPALIfHOTO OYMILEHHS IHBEPTOBAHOTO OYpSIKOBOTO eKCTpakty. Science and Education a New Dimension. Natural and
Technical Sciences. 2015. Vol. 111(6), Issue 54. C. 67-69.

REFERENCES

1. Hamachi, M., Gupta, B. B., & Ben Aim, R. (2003). Ultrafiltration: A means for decolorization of cane sugar
solution. Separation and Purification Technology, 30, 229-239. https://doi.org/10.1016/S1383-5866(02)00145-4

2. Bhattacharya, P. K., Agarwal, S., De, S., & Rama Gopal, U. V. S. (2001). Ultrafiltration of sugar cane juice for
recovery of sugar: Analysis of flux and retention. Separation and Purification Technology, 21, 247-259. https://doi.org/
10.1016/S1383-5866(00)00209-4

3. Seres, Z., Gyura, I., Eszterle, M., & Djuri¢, M. (2006). Separation of non-sucrose compounds from syrup as a
part of the sugar-beet production process by ultrafiltration with ceramic membranes. European Food Research and
Technology, 223(6), 829-835. https://doi.org/10.1007/s00217-006-0276-2

4. Hakimzadeh, V., Razavi, S. M. A., Piroozifard, M. K., & Shahidi, M. (2006). The potential of microfiltration and
ultrafiltration process in purification of raw sugar beet juice. Desalination, 200, 520-522.

5. Loginov, M., Loginova, K., Lebovka, N., & Vorobiev, E. (2011). Comparison of dead-end ultrafiltration behaviour
and filtrate quality of sugar beet juices obtained by conventional and cold PEF-assisted diffusion. Journal of Membrane
Science, 377, 273-283.

6. Zhu, Z., & Mhemdi, H. (2016). Dead end ultra-filtration of sugar beet juice expressed from cold electrically pre-
treated slices: Effect of membrane polymer on fouling mechanism and permeate quality. Innovative Food Science &
Emerging Technologies, 36, 75-82. https://doi.org/10.1016/j.ifset.2016.05.016

7. Li, W., Ling, G.-Q., Shi, C.-R., & Li, H. (2017). Pilot demonstration of ceramic membrane ultrafiltration of
sugarcane juice for raw sugar production. Sugar Tech, 19, 83—88. https://doi.org/10.1007/s12355-016-0434-1

8. Luo, J., Hang, X., Zhai, W., Qi, B., Song, W., Chen, X., & Wan, Y. (2016). Refining sugarcane juice by an integrated
membrane process: Filtration behavior of polymeric membrane at high temperature. Journal of Membrane Science, 509,
105-115. https://doi.org/10.1016/j.memsci.2016.02.053

9. Sjolin, M., Thuvander, J., Wallberg, O., & Lipnizki, F. (2020). Purification of sucrose in sugar beet molasses by utilizing
ceramic nanofiltration and ultrafiltration membranes. Membranes, 10, 5. https://doi.org/10.3390/membranes 10010005

10. Zhang, H., Luo, J., Liu, L., Chen, X., & Wan, Y. (2021). Green production of sugar by membrane technology:
How far is it from industrialization? Green Chemical Engineering, 2(1), 27-43. https://doi.org/10.1016/j.gce.2020.11.006

11. Syzonenko, O. 1., Zmiievskyi, Yu. H., Krapyvnytska, I. O., & Myronchuk, V. H. (2015). Doslidzhennia protsesu
ultrafiltratsiinoho ochyshchennia invertovanoho buriakovoho ekstraktu [Investigation of ultrafiltration purification of inverted
beet extract]. Science and Education a New Dimension. Natural and Technical Sciences, 111(6), 54, 67-69 [in Ukrainian].
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University of Food Technologies). Comparative analysis of continuous and discontinuous dilution modes in the
diafiltration purification of sucrose-containing beet extract

Abstract. The relevance of this study stems from the need to improve the resource efficiency of beet extract
purification and reduce sucrose losses during membrane processing. Ultrafiltration enables the removal of high-
molecular-weight non-sugars at moderate temperatures, however, a portion of the target component remains in
the retentate and is consequently lost with it. The application of diafiltration creates opportunities for additional
sucrose recovery, although process efficiency depends substantially on the mode of water addition, the fraction
of permeate withdrawn, and the number of dilution stages. Therefore, comparing continuous and discontinuous
diafiltration modes and determining rational operating parameters constitute a relevant scientific and practical
objective in the development of energy— and resource-efficient sugar-production technologies.

The study used experimental data obtained from the ultrafiltration of inverted beet extract through membranes
with molecular weight cut-offs (MWCOs) of 10 and 50 kDa in a laboratory-scale dead-end filtration unit. The
effective membrane areas were 1.38 x 1073 and 3.42 x 1073 m? respectively. Before use, the new membranes were
compacted by filtering distilled water for 2 h at a pressure of 0.8 MPa. Diafiltration performance was evaluated
using mass balances of the target component under constant-volume and stepwise concentration conditions. The
membrane transmission coefficient for sucrose was determined using a combined experimental and calculation-
based method; for the 10 kDa membrane, its value was 0.55.

It was established that, during the first stage, the fraction of permeate withdrawn should not exceed 0.50 of the
initial feed volume because of the accumulation of total solids in the retentate. After each subsequent dilution, the
permissible permeate withdrawal may be increased to 0.80, and up to 0.90 during the final stage. At an overall
permeate-to-initial-feed volume ratio of (V_p/V_0 = 3.0), the calculated sucrose losses with the retentate were
1.9% for the four-stage discontinuous diafiltration mode and 19.2% for the continuous mode. Continuous dilution
can potentially provide higher specific productivity owing to the lower concentration of dissolved solids; however,
it produces a more dilute permeate and requires greater energy input for subsequent concentration.

Four-stage discontinuous dilution was found to be a rational operating mode for recovering sucrose from the
retentate using a membrane with an MWCO of 10 kDa. The scientific novelty of the study lies in establishing a
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quantitative relationship between residual sucrose losses, the mode of diafiltration-water addition, and the extent of
permeate withdrawal. The proposed operating mode can be applied in the design of a resource-efficient technology

for beet extract purification.
Keywords: ultrafiltration, diafiltration, beet extract, sucrose, 10 kDa MWCO membrane, discontinuous dilution,

continuous dilution.
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