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Kowenr C.A. Bu3HadueHHs 4YHCENl TEPEHECEHHS 10HIB B TOJIMEPHUX
MeMOpaHaXx Ta I1OHHHUX pIIMHAX METOJOM KOMII IOTEpHOI pe3UCTOMEeTpii —
KBamidikariitHa HayKoBa mpaiisi Ha MpaBax PyKOIUCY.

JucepTarttist Ha 3100y TTs CTyIeHs JokTopa dutocodii 3a crneriaibHicTio 161
XiMiuHI TEXHOJOril Ta iHXeHepis (Taidy3b 3HaHb 16 XiMiyHa 1HXEHepis Ta
OloimxkeHepis). — JlepkaBHUM BUIIMN HaBYaJbHUM 3aKiaj] «YKpaiHCbKUN
JIep>KaBHUM XIMIKO- TEXHOJIOTTYHHI YHIBepcUTeT», JIninpo, 2023.

AHami3 31aTHOCTI 10HOOOMIHHUX MeMOpaH 1 CMOJ 10 10HHOTO OOMIiHY €
BaYXJIMBHUM 3aBJIaHHSM JIJ1s1 000B’I3KOBOI PETYIISIPHOT MPOLIEYPH aTeCTAaIlil Ji090ro
obOnanHanHs. lle oOyMOBIE€HO 3HAYHUMH I[iHAMH Ha MPOMHUCIOBI 10HOOOMIHHI
CMOJIA, OCOOJIMBO TIPOIYKIIII0 BEAYYHX 3aKOPJOHHUX BUPOOHHKIB. [limTpumanHs
HOPMAJIBHOTO PEKUMY iX poOOTH pOOUTH OCOOIMBO BAXKJIMBUMH BUMOTH JI0 aHAJI3y
1 KOHTPOJTIO IKOCT1 1I0HOOOMIHHMX MaTepiaiB.

KoHTposib sIKOCTI 10HOOOMIHHMX MaTepiajliB BUKOHYEThCSA SIK BU3HAUEHHS
CTIHKOCTI MaTepially 0 BIUTUBY YMHHUKIB P13HOI IPUpOAH (MEXaHIYHOI, XIMIYHOI,
TEPMIYHO1, OCMOTHUYHOI ), TOKAa3HUKNA 0OMIHHOT eMHOCTI (1oBHOI ctatudHoi [ICOE,
piBHOBaxkHOi PCOE, nunamiunoi J{O€, piBHOBaxkHOi nuHamiuyHoi PJIOE Ta iH).
3HadyeHHS BKa3aHUX ITOKAa3HUKIB €MHOCTI 3ajIeXkKaTh BiJ KOHIIEHTpAIlli 10HOT€HHHUX
rpyn B 10HOOOMiHHMKAaX. BoHM 3MIHIOIOTBCS B MpOIECI  EKCIuTyaTalli
(MOTIpIIYyIOTHCS), TOMY € HEOOXIIHICTh IX PEryJSIPHOIO KOHTPOII Ha OKPEMHX
npobax.

[Ipomecu, siki 3AIMCHIOIOTHCS B 10HOOOMIHHUX MeMOpaHax 1 cMoJjax,
SJIEKTPOJITHUX CUCTeMaxX a00 10HHUX piIUHAX — II€ MPOIECH NIEPEHECEHHS 10HIB.
BoHu BiiOyBaroThCs Y Cy4acHHX TEXHOJOTISIX CUCTEM BOJOIMIATOTOBKH, XIMIYHHX
JoKepenax cTpyMy (TalMBHUX €JIEMEHTaX, JITIEBUX JDKepelax CTpymMy Ta 1H.),
CJIEKTPOJII3HUX YCTaHOBKaX (BUPOOHUIITBO JIYTIB 1 XJIOPY), TEXHOJIOTISIX OJIEPKAHHS

YUCTOrO BOAHIO, TOLIO. YHCIa MEPEHECEHHS TYT MOXYTh BHKOHYBAaTH POJIb



CIIPOIIICHOTO KPUTEPII0, SKUH XapaKTepu3ye 10HOOOMIHHI Ta eJIEKTPOXIMIYHI
BJIACTUBOCTI JIOCIIIJPKyBaHUX MaTepiaiB.

B nucepraniiiniit po60Ti Oyi10 OTpUMaHO HACTYIHI Pe3yJIbTaTH:

TeopeTH4HO OOIPYHTOBAHO METOJA KOMIT FOTEPHOI PpE3UCTOMETpli s
BU3HAYCHHS 10HHOI TPOBIHOCTI PO3YMHIB €IEKTPOdiTiB. Po3pobiieHo cepito
OpOTIYHUX KOHAyKTOMeTpuuHux ceHcopiB KCH Tta enextponHe obnagHaHHS AJis
peectpanii ix mokazaHb. KOHCTpyKIisSi MPOTIYHOTO CEHCOPY [la€ 3MOTY
BUKOPHCTOBYBATH HOT0 JJIsl BUMIPIOBAHHS MOPLIN JOCTIIKYBaHOI pIAMHU BiA 2 10
0,2 M.

CtBOpeHO TIpoleAypy KaaiOpyBaHHS pPO3POOJCHUX KOHIYKTOMETPUYHUX
ceHcopiB. BcTaHoBneHO, M0 X rOJOBHA XapaKTEPUCTHKA — «KOHCTaHTa CEHCOPa»
(Ks), € yMoBHUM nlapameTpoM. UncnoBe 3HaueHHs K 3a71€KUTh HE TUIBKHU BiJl TUITY
Ta KOHCTPYKIIii CEHCOpa, aJie ¥ BiJl XIMIYHOTO TUITY TOCHIPKYBaHO1 1HAUBI Ty JTBHOT
pedoBuHU a00 iX KOMOIHAIII].

3anponoHOBaHO TEOPETUYHO OOTPYHTOBAHUN Ta EKCIEPUMEHTAIBHO
OIATBEP/UKCHUM MeToA AudepeHIiiiHol itn-MeTpii A7 BHU3HAUEHHS 4YHCell
MEPEHECCHHS B: 10HOOOMIHHUX MeMOpaHax Ta CMOJiaX; pO34YMHaX JYTiB, KUCJIOT,
cojeil Ta 10HHUX piAuMH. MeTon mosfrae B MOeTamHiid oOpoOIli JAaHUX 10HHOI
IPOBITHOCTI PO3YHMHIB €IEKTPOIITIB, OTPUMAHUX MPHU €IEKTPOIIi3i 13 MOJaIbIIUM
po3paxyHKOM (DYHKIIIT 3MIHM KOHIIEHTpAIlll B KaTOAHIN 1 aHOJIHIM KaMepax y 4aci.
Ha ocHOBI eKkcnepuMEHTalbHHX JaHHX pO3PAaxoBaHI YHUCIIAa MEPEHECEHHs
BIJIMOBITHUX 10HIB B 10HO0OMIHHUX MaTepianax: cmoyax KY-2-8, Purolite A400 ta
1H., B 10HOOOMiHHUX MeMOpanax Tuny Nafion, AIITK ta i1. [TokazaHo BiAMOBIAHICTH
BJIACTMBOCTEH LIUX MaTepialliB NaCOPTHUM JaHHUM, IO MiITBEPAKY€E KOPEKTHICTD
MeToay AUdEpeHIiHO1 1tn-MeTpii /Uil BU3HAUYCHHS TPAHCIIOPTHUX BJIACTUBOCTEH
10HOOOMIHHHX CMOJ 1 MEMOpaH.

Brnepiie 3a 10nmoMoror0 MeToay KOMIT IOTEPHOI PEe3UCTOMETPIl AOCHIIKEHO
BIUIMB €JEKTPUYHOIO IOJISI HAa TMPOLIECH pereHepanii 10HOOOMIHHMX CMOJI B
nJabopaTopHUX ycTaHOBKax. [lokazaHo, 0 TpU MPOMyCKaHHI CTPYMY B Jiana3oHi

3HaueHb 1-3 MA, B cHCTE€MI BUHHUKAE Ae(POPMOBAHE E€IEKTPUYHE TOJIE Tpaji€eHTa



MOTEHIlIay, Ha SKE HAKJIAJaeThCs TOJIe TpajlieHTa KOHIeHTpalii. B pesymnbrari
B3a€MOJIiT 000X MOJIIB MirpauniiHo-audy3iHi MOTOKKM 10HIB 4epe3 MOBEPXHIO
YaCTMHKHM 3MIHIOIOTh CBI KyTOBUH HampsMm B pgiama3oni Big 0 mo 2m (360°).
Cymapuuii eeKxT 3MiHM CepeIHbOI MIBUAKOCTI PIIMHU B HANPSMKY ii pyxy Oyne
HANOUTBIINM TpU CHIBHOAJAaHHI HAIMpPsIMKIB BEKTOPIB TPAIi€HTa EIEKTPUYHOTO 1
nudy31HHOTO TO0JIIB, Ta HAWMEHIINM P MPOTUIIC)KHUX HAMIPSIMKaX 000X BEKTOPIB.

BcTranoBneHa 3alIeKHICTh PIBHOBWKHOTO CTaHy CHCTEMU PO3YMH-IOHIT 1
PIBHOBa)KHOT OOMIHHOT €MHOCTI BiJl KOHIICHTpaIii MoAenbHuX po3unHiB NaOH 1
NaCl. Bmnepimie mnokazaHo, HI0 MIBHAKICTH OOMIHHOTO MPOIIECY BH3HAYAETHCS
nudy3iero 10HIB B TelieBid (a3l 10HITY 1 € IOCTIHHOIO Ta HE 3AJICKUTH BiJ CTYyICHS
HacuueHHs1 10HITY. CTBOpeHa ekcnepuMeHTanbHa yctaHoBka [ONIT ansa
MOHITOPUHTY TUHAMIKK OOMIHHHUX TMPOIIECIB B IPOMHCIIOBUX 10HITaX 3 00poOKOIO
CUTHAJIy METOJIOM KOMII IOTepHOI pe3uctomeTpii. BuzHaueHi i30TepMu piBHOBaru
1oHiB OH™ 1 CI", o6MinHa emHICcTh 10H00OMIHHUX cMoa AH-2®H Tta Purolite A400.

Po3BHUHEHI HayKOB1 YSBJIECHHS MPO CTPYKTYpPy Ta OCOOJHUBOCTI 10HHOTO
TPaHCHIOPTY B 1OHHHX piAMHAX. 3a JOTOMOTOK METOJIB KOMII FOTEPHOI
pesucrtomerpii Ta pH-meTpii NpoBeAEHO KOMIUIEKCHE JIOCTIIHKEHHS PO3YHHIB
10HHUX piuH — npoaykTiB B3aemomii opraniyanx (CH3;COOH) ta Heopraniaamx
(H,SO4, H3PO4, H3BOs3) kucnor 3 eraHojamiHamMy. BcTaHOBIIGHI 3alIeyKHOCTI
MATOMOI 10HHOT MpOBiAHOCTI Ta pH Bia KOHIEHTpaIlli, TeMIlepaTypHi HaXWIM Ta
eHepris akTupaiii 10HHO1 npoBigHOCTI. [lokazano mo Baxki (M= 200-300 r/mob)
OpraHivHi KaTIOHW MPAKTUYHO HE MEPEHOCATHh CTPYM 1 Majo BIUIMBAIOTh HA 10HHY
NPOBIIHICTh PO3UMHY. TakoX TOKa3aHO 10 IIPU HarpiBaHHI-OXOJIO/HKEHHI
(mianmazon Temmnepatyp 10-70 °C) y Takux CHOJYK TiCTEpPE3UC 10HHOI MPOBIAHOCTI
PO3UYHHY BIICYTHIMH, 1110 € HACIIIKOM TEPMIYHOI CTIMKOCTI.

byno cTBOpeHO MaremMaTHYHYy MOJENh TMPOIECIB Yy JTBOKAMEPHOMY
eJIEKTPOJII3epl, sIKa MICTUTh CUCTEMY PIBHSIHb MAacOBOTO OajaHCy 3 5 HEBIAOMUMU
napaMeTpaMm, skl MiJJIsraloTh BU3HAYEHHIO 1 BIIOOPAXKYHOTh MHUTTEBI 3HAUCHHS
HEBIJIOMUX MAacCOBUX TIOTOKIB KOMIIOHEHTIB. MarematnuHe MOJCITIOBAaHHS J1a€

MOXJIMBICTh MOPIBHIOBATH MEMOpPaHHM 3 METO MOKpAIlEHHs X (PYHKIIOHAIBHUX



BJIaCTUBOCTEH (OOMiIHHA €MHICTh, MEXaHI4YHa, XIMi4Ha, EJIEKTPOOCMOTHUYHA
CTIMKICTb, TOIIO).

Knwouosi cnosa: IOHHA TIPOBIJTHICTb, IOHHWI OBMIH, IOHHI
PIAMHNW, IOHOOBMIHHI CMOJIM, OJIT'OMEPU, MATEMATHUYHA
MO/IEJIb, MEMBPAHU, UNCJIA ITEPEHECEHHA.



ABSTRACT

Koshel S.A. Determination of ion transfer numbers in polymer membranes
and ionic liquids by the computer resistometry method — Qualifying scientific work
on the copyright of the manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 161 Chemical
technologies and engineering (field of knowledge 16 Chemical engineering and
bioengineering). — State higher educational institution "Ukrainian State Chemical
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Analyzing the ability of ion exchange membranes and resins to ion exchange
is an important task for the mandatory regular procedure of certification of operating
equipment. This is due to high prices for industrial ion-exchange resins, especially
the products of leading foreign manufacturers. Maintaining the normal mode of their
operation makes the requirements for the analysis and quality control of ion
exchange materials particularly important.

Quality control of ion-exchange materials is performed as a determination of
material stability (mechanical, chemical, thermal, osmotic), sorption capacity,
various indicators of exchange capacity (full static PSOE, equilibrium RSOE,
dynamic DOE, equilibrium dynamic RDOE, etc.). The values of the indicated
indicators of the shape of the container depend on the concentration of ionogenic
groups in the ion exchangers. They change in the process of functioning
(deteriorate), so they also need to be regularly monitored on individual samples.

Processes carried out in ion-exchange membranes and resins, electrolyte
systems or ionic liquids are ion transfer processes. They occur in modern
technologies of water treatment systems, chemical current sources (fuel cells,
lithium current sources, etc.), electrolysis plants (alkali and chlorine production),
pure hydrogen production technologies, etc. Transfer numbers here can perform the
role of a simplified criterion that characterizes the ion exchange and electrochemical

properties of the studied materials.



The following results were obtained in the dissertation work:

The method of computer resistometry for determining the ionic conductivity
of electrolyte solutions is theoretically substantiated. A series of flow-through
conductometric KSN sensors and electronic equipment for recording their readings
have been developed. The design of the flow sensor allows you to use it to measure
portions of the tested liquid from 2 to 0.2 ml.

The calibration procedure of the developed conductometric sensors was
created. It was established that their main characteristic is the "sensor constant"
(KS), which is a conditional parameter. The numerical value of KS depends not only
on the type and design of the sensor, but also on the chemical type of the investigated
individual substance or their combination.

A theoretically justified and experimentally confirmed method of differential
itn-metry for determining transfer numbers in: ion-exchange membranes and resins
is proposed; solutions of alkalis, acids, salts and ionic liquids. The method consists
in the step-by-step processing of data on the ionic conductivity of electrolyte
solutions obtained during electrolysis followed by the calculation of the function of
the change in concentration in the cathode and anode chambers over time. On the
basis of experimental data, the transfer numbers of the corresponding ions in ion-
exchange materials: KU-2-8 resins, Purolite A400, etc., in ion-exchange membranes
such as Nafion, AIPK, etc., were calculated. The correspondence of the properties
of these materials with the passport data is shown, which confirms the correctness
of the differential itn-metry method for determining the transport properties of ion
exchange resins and membranes.

For the first time, using the method of computer resistometry, the effect of an
electric field on the regeneration processes of ion exchange resins in laboratory
installations was investigated. It is shown that when passing a current in the range
of 1-3 mA, a deformed electric field of the potential gradient appears in the system,
on which the field of the concentration gradient is superimposed. As a result of the
interaction of both fields, the migration and diffusion flows of ions through the

surface of the particle change their angular direction in the range from 0 to 27 (3600).



The total effect of the change in the average velocity of the liquid in the direction of
its movement will be the greatest when the directions of the gradient vectors of the
electric and diffusion fields coincide, and the smallest — when the directions of both
vectors are opposite.

The dependence of the equilibrium state of the solution-ionite system and the
equilibrium exchange capacity on the concentration of the NaOH and NaCl model
solutions was established. It was shown for the first time that the speed of the
exchange process is determined by the diffusion of ions in the gel phase of the ionite
and is constant and does not depend on the degree of saturation of the ionite. An
experimental IONIT installation was created for monitoring the dynamics of
exchange processes in industrial ionites with signal processing by computer
resistometry. Equilibrium isotherms of OH— and Cl-1ons, exchange capacity of AN-
2FN and Purolite A400 ion exchange resins were determined.

Developed scientific ideas about the structure and features of ion transport in
ionic liquids. Using the methods of computer resistometry and pH-metry, a
comprehensive study of solutions of ionic liquids - products of the interaction of
organic (CH3COOH) and inorganic (H2SO4, H3PO4, H3BO3) acids with
ethanolamines was carried out. The dependences of specific ionic conductivity and
pH on concentration, temperature slopes and activation energy of ionic conductivity
were established. It is shown that heavy (M= 200-300 g/mol) organic cations
practically do not carry current and have little effect on the ionic conductivity of the
solution. It is also shown that during heating-cooling (temperature range 10-70 oC)
such compounds have no hysteresis of the ionic conductivity of the solution, which
is a consequence of thermal stability.

A mathematical model of processes in a two-chamber electrolyzer was
created, which contains a system of mass balance equations with 5 unknown
parameters that are subject to determination and reflect the instantaneous values of
the unknown mass flows of components. Mathematical modeling makes it possible
to compare membranes in order to improve their functional properties (exchange

capacity, mechanical, chemical, electroosmotic resistance, etc.).
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