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AnHotanus. B pabore 6butn uccnenoBana, aup¢Gy3MoHHAs MPOHHLIAEMOCTb, MOJOYHBIX KOMIIOHEHTOB 4epe3 YJbTpaduiIbTpaliOHHbIC
nonuMepHele MeMOpans! Bua YIIM-100, YAM-150 u YIIM-K. Onucans! koHCTpYKIuH AU (Y3HOHHBIX YCTaHOBOK. IlepBast ycTaHOBKa
paboTaer ¢ NpUMEeHeHHueM TpyOUaToro MeMOPaHHOIO MOJYJIsl, BTOpasi yCTAaHOBKA MMEET BUJ IUNIOCKOKaMepHOH sueiiku. [Ipeanourenus st
IPOBEACHUS OSKCIEPUMCHTAIBHBIX MCCICNOBAHUI OTJAaHO IUIOCKOKaMEpHOW suelike. llccienoBaHMS INIPOBENEHBI NP H3MECHECHHU
KOHIIEHTPAIMU U TeMIepaTypbl pactBopa. OTMEUEHO, YTO C MOBBILICHUEM KOHIEHTpAluu AudQy3noHHAsS NPOHUIIAEMOCTh CHIKAeTCs, a C
HOBBIIICHUEM TEMIEPaTypsl pacTBOpa HPOHUIAEMOCTH yBenuumBaercsa. CHmkeHHe TH(PQY3HOHHONH NPOHHIAEMOCTH OOYCIOBICHO
(hopMHpOBaHHEM MOrPAHUYHBIX AU(P(Y3HMOHHBIX CIIOEB, CHIKAIOLIMX HEPEHOC BEIIECTBA Yepe3 MOrPaHUYHbIE U AKTUBHBIE CIION MEMOpaHbI.
VBenunuenue audQy3uMOHHON NMPOHUIIAEMOCTH BBI3BAHO POCTOM IMOABM)KHOCTH MOHOB M MOJICKYJI BEIIECTBA C MOBBIILIEHHEM TEMIIEPATYpPbI
pacTBOpa, YTO IPUBOIKT K YACTHYHOMY Pa3pyIICHHIO IIOrPAHUYHBIX T (y3HOHHBIX CIOCB Y IIOBEPXHOCTH MeMOpaHEL. s TeOpeTHYEeCKOro
pacuera ko3hdunuenta aupGy3nOHHON MPOHUIIAEMOCTH Pa3pabOTaHbl MATEMATHYECKUE BBHIPAKEHHS U MOJTYYCHBI YHUCIICHHBIC 3HAYCHHS
BEJIMYMH OSMIMPUYECKUX Kod(hduuueHToB. Pa3paboTaHHbIe MATEMaTHYECKHE BBIPAXKEHUS C XOPOLICH JTOCTOBEPHOCTBIO OIHCHIBAIOT
9KCHEPUMEHTaNbHbIe AaHHble N0 MU((dy3uoHHON npoHMIaeMocTH. IlomyueHHbIE SKCIEpUMEHTAIbHbIE M PACUCTHBIC NAaHHBIE MOXXHO C
GOJIBIION TOCTOBEPHOCTHIO MPYMEHSTH B PAacYeTax MAaCCONEPEHOCHBIX IOTOKOB BEIIECTB Yepe3 HOIyHNpPOHUIIAeMble MEMOpaHBI, a TaKKe B
MHXEHEPHBIX METOAMKAX pacdeTa U HPOrHO3UPOBaHUs dPPEKTHBHOCTH MPUMEHEHHSI MEeMOPaHHBIX MPOLIECCOB JUIS pa3/ieNeH s, OYUCTKH U
KOHIIEHTPUPOBAHUS TPOMBIIUICHHBIX M TEXHOJOTHYECKHX pacTBOpoB. [lo pesynbraTaM OSKCIEPUMEHTOB M PACUETHBIX JaHHBIX ObUIH
HOCTPOCHBI KPUBBIC, KOTOPBIC HAIUIIHO IOKA3BIBAIOT BIMSHUE KOHIEHTPAUMU Ha IU((Y3UOHHYIO IPOHHLAEMOCTh UL BCEX THIIOB
UCCIIEyeMbIX YIbTPa(uiIbTPaliMOHHBIX NOJIMMEPHBIX MEMOpaH.
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Research of a diffusion transmittivity of proteins through

ultrafiltrational membranes
1

Sergey I. Lazarev geometry@mail.nnn.tstu.ru
Dmitrii A. Rodionov I dimok-407@mail.ru
Konstantin K. Polyanskiy >  kaf-kit@vfreu.ru

Vladimir Yu. Bogomolov ! Eco@nnn.tstu.ru
! Tambov State Technical University, Michurinskaya str., 112, Tambov, Russia
2 Voronezh branch of the Russian economic university named after G.V. Plekhanova, Karl Marx str., 67A, Voronezh, 394030, Russia
Abstract. In work were investigated processes of a transmittivity, dairy components through ultrafiltrational polymeric membranes of a
type of UPM-100, UAM-150 and UPM-K. Two types of installation a diffusion transmittivity were described. The first installation with
use of the roll-type membranous module, the second installation has an appearance of a flat-chamber cell. Preferences for carrying out the
pilot studies it is given to a flat-chamber cell. Researches are conducted at change of concentration and temperature of solution. It is noted
that with strengthening the diffusion transmittivity decreases, and with solution temperature increase the transmittivity increases. Decrease
in a diffusion transmittivity is caused by formation of the boundary diffusion layers reducing transfer of substance through boundary and
fissile layers of a membrane. Increase in a diffusion transmittivity is caused by body height of ionic mobility and molecules of substance
with solution temperature increase that leads to partial destruction of boundary diffusion layers at a membrane surface. Mathematical
expressions are developed for theoretical calculation of coefficient of a diffusion transmittivity and numerical values of sizes of empirical
coefficients are received. The developed mathematical expressions with good reliability describe the experimental data’s on a diffusion
transmittivity. The obtained experimental and calculation data can be applied with big reliability in calculations of streams of substances
through the semipermeable membranes and also in engineering calculation procedures and predictions of effectiveness of application of
membranous processes to division, cleanings and concentratings of industrial and technological solutions. By results of experiments and
design data’s curves which demonstrate influence of concentration on a diffusion transmittivity for all types of the studied ultrafiltrational
polymeric membranes were constructed.
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BBenenue

UccnenoBanne 3aBHCUMOCTH —Pa3IHYHBIX
napamMeTpoB Tpolecca MEMOPaHHOTO KOHIICHTpPU-
pOBaHUSI BTOPUYHOTO MOJIOYHOTO CHIPBSI OT KOH-
[EHTPAIMK ¥ TEMIIepaTypbl pacTBOpa MPOBOIWIN
C IpUMEHEHUEM MOJICIbHBIX pacTBOpoB [1-3].
Hcnonp3oBanuch  pacTBOpPBl € IWana3oHaMu
KOHIIEHTpanuii 6enkoB 9-32 kr/m>.

[IpuMmeHsTn pa3iavuHbIe METOIAMKHU HCCIIe-
moBaans (GG Y3NOHHBIX CBOMCTB MeMOpaH,
HampuMmep, TpyOdaTeie ¥ IUIOCKOKaMepHBbIe [4—6].
OavH W3 MEepCHeKTUBHBIX BUAOB HCCICIOBAHUS
mupGy3HOHHON TPOHUIIAEMOCTH MeMOpaH —
JKCIEpUMEHTAbHAsl yCTaHOBKa TPyOUaToro BHIA
(pucynok 1).

Pucynox 1. OxcnepuMeHTanbHasi YCTAHOBKA IS
u3ydeHust UG Py3MOHHOI MTPOHUIIAEMOCTH

Figure 1. Experimental installation for studying of a dif-
fusion transmittivity

OKcIepuMeHTaIbHas yCTAHOBKA COCTOUT U3
Tpyb4yatoro MeMOpaHHOTO MOAYJs (PUCYHOK 2)
Y TEPMOCTATHPYEMBIX EMKOCTEH ISl HCXOIHBIX
pPacTBOPOB U AMCTHIUIMPOBAHHOM Boxbl. s nBU-
JKEHHUST JKUJIKOCTEH TePMOCTATHPOBAHHbBIE EMKOCTH
0o0OpyIOBaHBl HAacocaMu, a Ajisl IIOBBILICHUS
U TOAJiep KaHusl HY>KHON TeMIlepaTypbl IPUMEHs-
I0TCSl TEMIIEpaTypHBIE YCTPOWCTBA, TTO3BOJISIOIINE
peryaupoBaTh TEMIEpaTypy B KaMmepe SUCHKH.
it KOHTpOIIsL 3a TeMIIEpaTypoil B MEKTPYyOHOM
NPOCTPAHCTBE HCIOIB3YIOTCS JTATYUKU TEPMOCO-
OPOTHUBJICHUS 4 C BBIXOAHBIMU IapameTpaMu
Ha aBTOMaTHYECKUIA MPHOOP — TIOTCHIIMOMETP J.
Monaynb (puUCyHOK 2) COCTOMT M3 LMJIUHIpUYE-
CKOT'0 CTEKJITHHOTO KopIyca / co mrynepaMu ajs
pasgensieMoro pacTtBopa U JIUCTHIUTUPOBAHHOU
BOJIBI, TIOPUCTBIX TPYOOK 2, HAa KOTOPBIE C HAPYKHON
MOBEPXHOCTH HaHECEHBI YIbTpaduIbTpaliOHHbBIE
MeMOpaHbl 3, TojiepKuBaeMbie nephoprUpoBaH-
HBIMH pELIETKaMHU 4, CIyXallie OJHOBPEMEHHO
Kak yrroTHuTenu [1-2].
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Pucynok 2. MemOpaHHBIH MOIyJib TPyO4YaTroro tumna
Ut u3ydeHus audQy3noHHON MPOHUIIAEMOCTH

Figure 2. The membranous module of tubular type for
studying of a diffusion transmittivity

Jns nzydenus mudy3noHHOTO MTOTOKA He-
pe3 MeMOpaHbl IPUMEHATIACh IKCIIEPUMEHTAIbHAS
YCTaHOBKA IIOCKOKAMEPHOTO TUma (PUCYHKH 3, 4).
Kameps! mrockoxameprot muddy3rmonHon ycra-
HOBKH (prucyHok 3) I u Il n3rotoBneHs! u3 oprerexa
C cyMMapHBIM pabounm  obbemom  0.62x107°m>.
B xamepax s4yeilku BMOHTHPOBaHbI H3MEPUTEIb-
Hble Kanuutapsl 9 u 1/. Vccaemyemble pacTBOPHI
MOJAIOTCSL B AYEHKY U3 €MKOCTEH NJIsl HCXOOHBIX
pacTBOpoB 2 W 4 W anee CIEAYIOT B EMKOCTH
JUTsl OTpaOoTaHHBIX pacTBOpoB 3 u J [1]. Pabouue
KaMepbl SYEUKU pa3fesieHbl pereTkol / (), u3rotos-
JIEHHOW M3 OPICTEKJa, Ha KOTOPOM pacrojaraercs
MeMOpana [ ¢ paboueil miomampo 267x10° Mm%
C momomipio TepMocTara /2, TepMonap 7 U MOTeH-
nuoMeTpa § KOHTPOJIMPYETCs U MOoJepKUBaeTCs
3a/IaHHBIN TEMIIEPATYPHBIA PeXUM B siuerke. Ilo-
CPEICTBOM MAarHUTHBIX MEIIAJIOK 6 HPOBOAUTCS
MepeMeIInBaHle PaCTBOPOB B KaMepax saerku [1].

9 7 1]
y_u[n X
10§ 1
T 1l T
(==Y (1 ==3
L0, /s
3 | T

Pucynox 3. IlpuHImmuanbpHas cXeMma YCTaHOBKH JUIS
uccnenoBanust UM y3uu MOJIOYHBIX KOMIIOHEHTOB Yepe3
yIbTpadUIbTPALIMOHHBIE MeMOpaHbl: [ — TOJYHNpPOHHU-
naemMass MeMmOpaHa; 2 U 4 — EMKOCTH HCCIELYeMbIX
pacTBOpoB; 3 H 5 — €MKOCTH OTPabOTaHHBIX PacTBOPOB;
6 — MarHMTHBIE MeWankd; 7/ —  TepMOIapsl;
8 — norenuuometp; 9 u 11 — n3MepuTENbHbBIC KaMIUISAPHI;
10 — pewerka; /2 — TepmMocrar

Figure 3. The schematic diagram of installation for the
study of the diffusion of dairy components through
ultrafiltration membranes: / — semipermeable membrane;
2 and 4 — capacities of the studied solutions; 3 and
5 — capacities of the studied solutions; 6 — magnetic stirrers;
7 — thermocouples; 8§ — potentiometer; 9 and 1/ —
measuring capillaries; /0 — lattice; /2 — thermostat
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Pucynox 4. JlaGopaTopHas  ycTaHOBKa  JUIs
uccnenoBanus i y3nOHHOTO MPOHUIIAEMOCTH

Figure 4. Laboratory installation for a research diffusion
transmittivities

Hccnenoanue mnpouecca auddy3uu Ha
TUIOCKOKaMEpPHO YCTaHOBKE (pucyHok 4)
OCYILIECTBISIOCH MO cienyroneil mertoauke. s
MIpeIBapUTEIHHON MOATOTOBKU MOYTIPOHUIIAEMOMN
MeMOpaHbI K UCCTIEOBaHUsIM €€ 00KMMajH B JIU-
CTHILTMPOBAHHOH BOJIe HA MEMOPaHHOH yCTaHOBKE
npu pasienun 0,1 MIla B Teuenne 4 4. O0xarsie
MeMOpaHa yKJIaJbIBaJl Ha PELIeTKE MEXIy KamMe-
pamu [ u Il quddy3roHHOHM STMEKH 15T HCCIleTOBaHNS
MIPOHULIAEMOCTH MeMOpaH. YCTaHOBKa paboTana
10 clleyroleMy npuHuuiy. B kamepy I nogasanu
KOHLICHTPUPOBaHHBIN pacTBop, B kamepy II — nu-
CTWJUIMPOBaHHYIO BOxy. PacTBoprl B Kamepax
BBIIEP)KUBAIH B TeueHue 11—13 4 1 Toro, 4T00bBI

2,7 Pyms 10 —&—293K
2,6 s 208 K
2.5 e 305 K
2.4 s 308 K
23 ceo<@ - pacu 293 K
2,2 ._°°*%ee pacy 298K
2,1 oo e® e pacu 305K

2 ceeeee pacu 308K
1,9

7 17 27 C, kg/m?

Pucynoxk 5. 3aBucumocts kKoddduireHTa qudGy3HoHHON
nponunaeMoctd (P; (mM*c)) Oenka OT KOHLEHTpALMH
pacteopa (C, xr/™M°) s ynbTpadHMIBTPAHOHHON
MeMOpansl Y AM-150

Figure 5. Dependence of coefficient of a diffusion
transmittivity (P, (m?-s)) of protein on solution strength
(C, kg/m®) for the ultrafiltration membrane UAM-150

st cBsi3u ¢ penakuumeii: post@vestnik-vsuet.ru

YCTAaHOBWJIMCH TIOCTOSIHHBIE TU((y3HOHHBIE TTOTOKH.
ITocne yero pacTBOpBI CIMBaM, KaMEpPbl STYEUKHU
NPOMBIBAJIM AUCTWIJIMPOBAHHON BOJOM U jHajee
BHOBb 3alOJHSIN BoJgol. OT6op mpob ocymiecTs-
JSUTH U3 eMKOCTe OTpabOTaHHBIX PacTBOPOB,
MOCJIE Yero KaMephl JOIMOJHSAIT W3 EMKOCTei
HCXOJHBIX PAaCTBOPOB.

B Teuenue 3—6 4 pacTBOpHI NEpeMeINBATN
B KaMepax C MCII0JIb30BAHHEM MAarHUTHBIX MEIIAJIOK,
NP 3TOM PACTBOPEHHOE BELIECTBO MEPEXOINIIO
nocpeactBoM  auddysun  yepe3  MeMOpaHy
B HAIIPABJICHUH ITPOTHBOIIOIOKHOM HAIlPaBJICHHUIO
ocMoTrdeckoro repeHoca. Komrdectso npoauddys-
JIUPOBAHHOTO BEILECTBA OMNMPEIEIUI € MOMOLIBIO
orbopa mpoO mocie cauBa PacTBOPOB B EMKOCTH
o koHteHTparpy XI1IK [8]. Pacuer koadduimenta
TG Py3MOHHONW MPOHHULAEMOCTH OCYIIECTBIISUIN
o gopmyse

G V,0
(¢ -C)-F, -’
rae Py — xo3hdunment nuddy3uoHHON MPOHUIa-
emoctd; Cip — KOHIEHTPALMM PAcTBOPEHHOIO

BEILIECTBA B KAMEPAX SKCIEPUMEHTAIbHOU sTUeHKHY,
paseNeHHbIX MeMOpaHoi, Kr/M>; § — TonmuHa
MeMOpaHbl mocne HaOyxanwus, M; F, — pabodas
IUIOIIA/Ib TIOBEPXHOCTH MEMOPAHBI, M%; T — BPEMSI
IIPOBEICHUS SKCIIEPUMEHTA, C; V2 — 00beM pacTBo-
pUTENs BO BTOPOI Kamepe, M°

Ha prcyHkax 57 nipe/icTaBIeHbI KHHETHIECKUE
3aBUCHMOCTH  Koddduiuenra auddy3noHHONT
MPOHHULIAEMOCTH OT KOHIEHTPAIIMH MOJIOYHBIX KOM-
MOHEHTOB ISl YIbTPaQUIbTPAIIMOHHBIX MEMOpaH
YAM-150, YIIM-100 u YIIM-K.

2,8 (P;m¥s 108
2,7
2,6
2,5
2,4
2,3
2,2
2,1

2

1,9
7 12 17 22 27 32

C, kg/m?

PucyHok 6. 3aBucumMocTs K03 puimenTa i dy3noHHONH
nponunaemMoctd (Py (M*c)) Oenka OT KOHIEHTpaluu
pacteopa (C, xr/M®) mist  ynbTpaduILTPAIMOHHOM
meM6Opanbl YIIM-100

Figure 6. Dependence of coefficient of a diffusion
transmittivity (P, (m?:s)) of protein on solution strength
(C, kg/m?®) for the ultrafiltration membrane UPM-100
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Pucynok 7. 3aBucumocts ko3¢ duimenTa quddy3noHHON
nponunaemMoctd (P, (M*c)) Genka OT KOHLEHTpALMH
pacteopa (C, Xr/M°) 1ug  yIbTPaQUIBTPALHOHHON
MemOpanbl YIIM-K

Figure 7. Dependence of coefficient of a diffusion
transmittivity (P, (m? s)) of protein on solution strength
(C, kg / m®) for an ultrafiltrational membrane of UPM-K

M3 npuBeneHHBIX 3aBUCUMOCTEH Ha pu-
CYHKe 5—7 BHIHO, 9TO HanOoJbIIel mudQy3HoHHOMH
MPOHULIAEMOCTBIO U3 HCCIIEAyeMbIX 00pa3LoB
obnamaer memOpana YIIM-K, gro xopomo coot-
HOCUTCSI C pe3yJbTaTaMH SKCIECPUMEHTAIBHOTO
ompeneNieHuss ~ COPOLMOHHBIX  XapaKTEPHCTUK
MeMmOpaH. Habnromaemyio mpu 3TOM BBICOKYIO
MPOHHULIAEMOCTh MOKHO BBITOHO HCTIONB30BATh IS
JeMUHEpaIA3aIy OeTKOBOTO KOHIeHTpara [1].

Koadpdumment nuddy3nonHol mpoHUIae-
moctH P, (M?/c) onpenensmy 1o Gpopmyiie

Pd:A-exp(B-C)-(sz .

0
[NomyyeHHbIe ¢ MPUMEHEHHEM AMITMPUIECKUX
ko3 dunmentos u3 tabnuiel 1 3HadeHus auddy-
3MOHHBIX XapaKTepUCTHK Mpolecca IONaaaroT
B IOBEpUTENBHBIN HHTEpBaAI 90%.
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Tabnuna 1.
3HAYCHUS SIMITUPUICCKUX KOIPDUITNESHTOB
JUTS. ypaBHEHHUSI
Table 1.
The values of the empirical coefficients
for equation

MewGparia Bropuunoe MOJIOUHOE ChIpbE
Memb Secondary raw milk
embrane  mAx1012 B m
YAM-150
UAM-150 2.54115 -0,00754 1.61834
YIIM-100
UPM-100 2.62355 -0,00746 1.81356
YIIM-K
UPM-K 2.54115 -0,00754 1.61834

[TomyyeHHBIE SKCIIEPUMEHTAJIbHBIE 3HAYE-
Hus 1 Py3nOHHOTO TTOTOKA TOBOPST O TOM, UTO
yInbTpadIbTpauoHHele MemOpansl Y AM-150,
VIIM-100, YIIM-K nenecoobpa3Ho TpHUMEHSTh
B TpOIIeccax yAbTPadUIBTPAIMOHHON TIepepadoTKH
BTOPUYHOTO MOJIOYHOTO CBIPbS U MOJNyYSHHUS
OETKOBBIX KOHIICHTPATOB.

3akiIouyenune

Pabota mocssiieHa BIMSIHUIO KOHLEHTPALMH
Y TeMIiepaTypbl Ha AP Qy3MOHHYIO TTPOHULIAEMOCTb
yIbTpadWIBTPAMOHHBIX MPOLECCOB pa3aelCHHs
BTOPHUYHOTO MOJIOYHOTO ChIpbsl. IIpoBeneHs! uccre-
JIOBaHUS Ha JIBYX Pa3IHYHBIX THIAX MeMOpaHHBIX
YCTaHOBOK TPyO4aTOro U MIOCKOKAMEPHOTO THIIA.
[omydeHb! 3KcTIepUMEHTANbHBIE JaHHBIE Kod(du-
nuenTa auddysuonHoii nponuaemoct. Ha ocHo-
BaHWM aHAJIM3a YCTAHOBJIEHO, YTO NPH MOBHIILICHUH
KOHIIGHTpAIMY YMeHbITaeTcs KodhdurmeHt i dy3u-
OHHOHM mpoHmIaeMocTH. Ha ynprpaduibTpaonHoi
MeMOpane YAM-150 koahdurment muddy3rnoHHoNn
MPOHHULIAEMOCTH HWXE, UM Ha yIbTpadHIbTPaLy-
oHHbIX MeMOpanax YIIM-K u YIIM-100.

6 Kamal H., Abd-Elrahim F.M., Lotfy S.
Characterization and some properties of cellulose acetate-
co-polyethylene oxide blends prepared by the use of
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10.1016/j.jrras.2014.01.003
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