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Multi-component diffusion mass transfer
in nonselective IEX matrices with the noval displacement
effect (NDE) for the concentration waves
of the components — diffusants

Kalinitchev A.L
Institute for Phys. Chem. & El. Chem. , Rus. Acad. Sci., Moscow
octynuna B pegakmuro 31.01.2017 r.

There is presented the computerized modeling for the Diffusion Multicomponents (i=A; ,B;;C)
Mass Transfer (MMT) kinetics in the classical nonselective IEx Matrices. The Noval Displacement Effect
(NDE) for the Xj(distance,Time)-concentration waves propagating in the IEx matrix is determined. The
W(ave)'-concept is presented here for the X-concentration waves of the i-components-diffusants which
propagate (with multicomponent {D,,Dg,D¢}-diffusivities) inside the nonselective IEx matrices. The NDE
effect described is possible only for the definite conditions pointed in the last part of the publication (S.5,6).

In the result of the computerized simulation of the ternary (R_1A)esin/(GB + 3C)soution IEX Diffusion
MMT there is demonstrated visually and obviously the Noval Displacement Effect (NDE) inside the r-bead
&ro-fiber matrices of the nonselective IEx resin for the distance-time behavior of the two invading X¢,Xg-
concentration waves of the i=,B,;C-components. The initial loading of the r-bead; ro-fiber of the IEx matrix
is composed by the first (;A")-component-diffusant. There is demonstrated the non-monotonic behavior of
the kinetic Fg(T)-curve with the availability of the kinetic maximum- Fz™* as the consequence of the NDEf-
fect for the interactive Xs¢,X,g-concentration waves which diffuse in the IEx r(ro)-matrices.

The original author’s visualization method is used for the NDE description with the two «coupled»
Figures, namely the pair of Figs. : [left -{X;}|{F;}-right] arranged «in line&abreast». The «coupled» pictures
examples are presented visually in S.3. In this cases the {X;}-concentration waves (leff) are arranged «in
line&abreasty with the {F;}-kinetic curves (right). Such new author’s method of the «coupled Figures»
namely: «left -{X;} | {F;}-right « plays the crucial role in the demonstration of the NDEffect for the diffusion
IEx MMT in the non-selective ion exchangers.

Keywords: multicomponent, nonselective, ion exchange(r), mass transfer, partial differential equa-
tions, mass balance, computerized modeling(simulation), concentration waves, Noval Displacement Effect
(NDE), wave concept (W)

MHOroKoMnoHeHTHbIN AN ¢py3noHHbLIN MacconepeHocC
B HecenekTuBHbiX MO (IEx) maTpuuax,
Bkntovyas HoBbiv BbiTecHuTenbHbin Addekt (HBI)
AnA Xi-KOHUeHTPaLUOHHbIX BOJSIH
I-koMnoHeHTOB—AUd y3aHTOB

Kannuanues A.N.
Hucmumym ¢huzuueckoii xumuu u snexmpoxumuu PAH um. axao. A. @pymxuna, Mockea
B pabote npencraBiaeHo 0000MIEHHOE TEOPETUUECKOE HCCiieoBaHe MHOrOKOMIIOHEHTHOTO Mac-

collepenoca (MM) Ha OCHOBE YHMCIEHHOT'O KOMIIBIOTEPHOI'O MOJICITUPOBAHMS C pemeHneM auddy3HoHHBIX
ypaBHEHHI MHOTOKOMITOHEHTHOTO TepHapHOTO (i=;A;;B;3;C) MaTepranpHOro 6anaHca B YaCTHBIX IPOU3BOJ-
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HBIX. [{na momydenus pe3ynbTatoB auddysuonHoro MM B MaTpumax HECEIEKTUBHBIX MOHHUTOB ABYX pa3-
JUYHBIX CHMMETPHYHBIX (HOpM (r-3epHO, r0-BOJIOKHO) HCHOIB3YETCS] MHOTOKOMIOHEHTHBINA AU} y3HOHHBIN
{Da;Dp,Dc} Tepuapnsiii nounsiii 06men (MO): (RiAoyora/(GB™ 53C)pp B KIACCHYECKHX HECENEKTHBHBIX
I,ro-MaTpuiax HoOHoOOOMEeHHHKOB. Ha 0CHOBE KOMITBIOTEPHOTO MojenupoBanus auddyznonHoro MM moka-
3aHO, YTO MpPH OIPENENICHHBIX YCIOBUAX (YKa3aHHBIX B TocieqHux pasfenax S.5,60) mis {Da;Dg,Dc}-
muddysuBHocTeit peanmsyercs Hosbiii BeitecHurensubiit Dddexr (HBOddekr) npu MO st BXxosmmx B
cpelly MOHUTa M B3aUMOJEHCTBYIOMUX B HeH Xc,Xp — KOHLEHTPAUOHHBIX BOJH (;B,;C-KOMIOHEHTOB-
muddysaHToB).

OpuruHAaNBHEIA aBTOPCKUH METON suzyanuszayuu (BKIrodas moarsepxkaeaue HBO ¢ ¢ekra) peamuso-
BaH C UCIIOJIb30BaHHEM JBYX OObEIMHEHHBIX B «Iapy» PUCYHKOB: {cieea- X, | Fi- cnpasa}, a umenHo: pu-
CYHOK ¢ m300pakeHreM X,;-KOHIICHTPAIlMOHHBIX BOJIH (C7e8a), PacIOJI0KEHHBIH Ha OJHOW JIMHUH (M B «IIa-
pe») ¢ IpyruM pUCYHKOM, rae nzodpaxkeHsl coorBercTBytone F,(T)-kunetndyeckue kpuBble (cnpasa). Ta-
Kol aBTOpCKUi MeTox gusyaruzayuu kuaetukn 1O MM — «Ha onHOU uHUNY: {cresa-X;| F—cnpasa} urpa-
eT KapAWHAIBHYIO POJIb, M TI03BOJISIET BBISBUTH (U 6U3VAIbHO TIPOAEMOHCTPUPOBaTh) npuunny HBDddekra.
JBa HarsiaHeix npumepa HBOddekra Ha «nmapHbIX» prcyHKax, a uMeHHO: {criesa-X; | F; —cnpasa} nawmb
3/1eCh aBTOPOM B TIPEJICTABIIEHHOM cTaThe (B S.3).

Kpome Toro, B 10I0JIHEHHE K YKa3aHHOMY METONY IJISl 6U3Yanu3ayuy Pe3yIbTaToB KOMIILIOTEPHOTO
MonenupoBanus (Bkitodas HBOddekr) takxe (kak u panee, HauuHas ¢ 2003 r.) MCIOIB30BaH aBTOPCKUI
metoa Hayunsix Kommbrorepusix Annmarmii (HKA). Meroq HKAnumanuit npencraBisjics B aBTOPCKHUX
NpPEe3eHTAlMAX Ha PAJe MEXIYHapOAHBIX M BCEPOCCHUICKUX KOH(epeHIui B TeueHue Oonee 14 ner. B pe-
3yJibTaTe Ha IpakTHKe MokasaHo, 4ro HKA-euzyanusayus pacripocTpaHeHHS MHOTOKOMIIOHEHTHBIX X;-
KOHLICHTPAI[IOHHBIX BOJIH aJ€KBAaTHO (M CPaBHUTEINILHO JIETKO) BOCIIPUHUMAETCS HAyYHOH ayIUTOpHEH.

Astopckue «HKArnmarmmy» (T.e. «HKA.avi»y-Bugeodaiiner) mpeacTaBissioT co00i aHUMaIMOHHEIE
MHOTO-I[BETHBIE «(PpPEeHMBI-H300pa’keHIsD» MHOTOKOMITOHEHTHBIX (i=1,2,3) X;-KOHIIEHTPAIMOHHBIX BOIH.
Otu ppeitmsl (¢ n300paKeHUEM JBIKEHHUS MHOTOKOMIIOHEHTHBIX X,-BOJIH) PacIIONaraloTcs B BHIEO-(aiiie
«HKA.avi» B mopsiiKe, COOTBETCTBYIOIIEM BO3PACTaHMIO TEKyIIUX MOMeHTOB Bpemenu (T,<T,<...). B Bu-
neodaiinax «HKA.avi» s nansoro ciydas MO (IEx) nemoncTpupyertcs (gusyanusupyemcst) pacripoctpa-
HEHHE MHOTOKOMITOHEHTHBIX X;-KOHIIEHTPAIIHOHHBIX BOJIH B POCTPAHCTBE 1,(10)-MaTPUI] HOHUTOB.

KaioueBble cioBa: MyJIbTUKOMIIOHEHT, HECEJIEKTHBHOCTh, HOHOOOMEHHHUK, MacCONEpeHoC, ypaB-
HCHHS B YaCTHBIX NPOU3BOIAHBIX, MacCOBBIN 6anch, KOMIIBIOTEPHOC MOJACINPOBAHUC, KOHUCHTPAIUMOHHBIC
BOJIHBI, HOBBII BBITECHUTENBHBIH S dext (HBD), konenuus Boan (W)

1. Inroduction

Previously the computerized simulations for the kinetics of the Multicomponent
Mass Transfer (MMT) in the modern bi-functional NanoComposite (NC) matrices on the
basis of the Author’s Model with the two properties: 1,Selectivity (Ks) together with
IL,{D;}-multicomponent {D;}-Diffusivities for the i-components are presented.[1-5] The
multicomponent diffusion MMT process in the bi-functional NC matrices is characterized
by the two factors: Selectivities of the target components (I) & {D;}-multicomponent diffu-
sivities (Il) of the i-components-diffusants.

The aim of this presentation is to consider the generalized theoretical approach in-
cluding the fundamental aspects of the MMT kinetics in the various IEx nonselective r-
bead, ro-fiber matrices. The multicomponent Diffusion factor ({D;}-diffusivities) plays the
cardinal role in the diffusion of the X;-concentration waves including the interference of
this { X;}-waves inside the ion exchangers.

Two theoretical key concepts are used here in the IEx kinetic study: (1) W'-(wave)
concept for the propagating and interfering X;-concentration waves; (2) Author’s numeri-
cal computerized modeling of the MMT kinetics of the IEx process with the multicompo-
nent {D;}-diffusivities of the i-components-diffusants (i=;A,2B,3C,indexes to the left). Lhe ter-
nary Diffusion MMT is considered inside the nonselective IEx matrices of the various
symmetrical shapes: spherical r-bead, or cylindrical ro-fiber. The NDEffect takes place
during the MMT (at the definite conditions representing the definite relations between the
{D;}-Diffusivities) only for the r,ro-shapes of the nonselective IEx matrices(Figs.1a,b).
The NDEffect is not realized in the planar IEx matrix of the L-membrane.
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The variants of the nonselective IEx kinetics are considered on the basis of the cal-
culated movements of the propagating X;-concentration waves (W -concept) without the
Selectivity (S) factor (as the partial case with the only one multicomponent {D;}-Diffusion
factor). The modeling for the generalized case-MMT in the contemporary NanoCompo-
sites: r-bead, ro-fiber, or planar L-membrane of the Selective(S) NC matrices is considered
previously[ 1-5].

The fundamental well-known «Wave concept» (denoted here as W') from the non-
equilibrium thermodynamics approach [6] is used in the MMT kinetic process for the mul-
ti-component X;(distance; Time)-concentration waves (i=1A,;B,3C). The X(r,ro; Time)-
concentration waves of the i-components-diffusants propagate with the {D; }-diffusivities
in the course of time (T) inside the nonselective IEx r,ro,-matrices[7,8].

The MMT process for the i-components-diffusants of the n-component mixture
(1<i<n) is considered for the case when the appearing, (and then propagating) Xj(r,ro;
Time)-concentration waves (as the example the frontal profiles in Figs. 1a,b) which move
in the course of time (T) inside the nonselective IEx r,(ro)-matrices from the contact: «re-
sin surface/external solution». The vectorial J;)- mass fluxes into the separate particle (r-
bead, ro-fiber) of the IEx sorbent of the various symmetrical r-spherical, (ro)-cylindrical
shapes are presented visually in Figs. 1a,b. A number of the explanatory illustrations for
the IEx kinetic MMT process in the non-selective IEx matrices are presented below (Sec-
tion 1) with the input J; -fluxes of the masses of the i-components-diffusants (Fig. 1a,b).

The additional significant explanatory illustrations for the X;-concentration waves
are represented schematically (c, leff) and visually (d,right) in Figs. 1(c,d). Figures 1(c,d)
show the corresponding propagation of the concentration X,(r(ro);T)—waves inside the IEx
r(ro)-matrices. As the simple examples such X,(r(ro); T)—wave’s frontal profiles are pre-
sented in Fig. 1¢(Xurro), and Fig. 1d(experimental micro-picture X,,).

(b)

Fig. 1(a,c, left ; b,d, right). lllustrations for MMT inside the /Ex matrix media (r;ro-
matrices): (a,b) scheme of cuts of r-sphere, (or ro-cylinder), with input J; (a;b)-mass fluxes for
r,(ro)-radial X, ,-concentration waves; movements of X, )-waves to the center along r-radius
(a,b). Movement of the X, -waves to the center (c,d): along black arrows (c), and micropicture of
the X,-wave (Ni /RH), [24] during the experiment for the non-selective IEx kinetics (white line, d).

Besides Figures 1(a-d) show visually the input vectorial Ji ro)-mass fluxes of the
diffusing i-components with the corresponding {D;}-multi-Diffusivities. The directions of
the J; o)-vectors are pointed by the vectorial, radial arrows to the central core of the r-bead
(ro-fiber) in Figs. 1a,b. The every disturbances of the X;-concentrations for the every i-
component (1<i<n) of the n-components mixture generate the propagating X(r(ro);T)-
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concentration waves (frontal profiles, Figs. 1c,d) during the modeling of the NC or IEx
MMT processes in the r,ro-matrices.[1-5,7,8]

The profiles of the propagating X, -concentration waves inside the IEx r,(ro)-
matrices are presented appropriately in Figs. 1(c,d) placed under Figs.1(a,b) for the cut of
the IEx r,(ro)-matrices. In Figs. 1(c,d) the radial, X, -concentration waves travel inside
the IEx r,(ro)-matrices along r(ro)-radius to the r,(ro)-Center. The schemes for the NC, L-
membranes the X, ,)-concentration waves are shown appropriately together with the NC
L-matrices in Figures placed in the publications.[1-5] The essential discrepancy between
L- ,and r(ro)-matrices is that the input vectorial J,;)-fluxes in Figs. 1(a-d) are «radialy»
while the J;; -fluxes in the planar L-membranes are «horizontal»[1-5].

2. Simulation of MMT kinetics in IEx matrices. Generalized MMT
partial differential equations & key W*- concept

The generalized phenomenological approach is described here (in S. 2) on the bases
of the non-equilibrium thermodynamics approach [6] via the basic partial differential mass
transfer n-Eqs. (3.A,below), which have been using for the nonselective IEx r(ro)-matrices
(Figs. 1 a,b). Such approach is implemented into the computerized modeling of the IEx
MMT kinetic process. [3,7,8]

The multicomponent set of the generalized MMT mass balance n-Eqgs.(3.A, S.3) is
represented mathematically by the nonlinear mass diffusion partial differential equations.
The nonlinear multicomponent n-system of the diffusion partial differential Eqgs. (3.A)
(with the accompanying relations: (3.1)-(3.5)) is executable only by the method of the
computerized numerical mathematical simulation with the finite differences. Naturally that
the corresponding boundary (3.6), and initial (3.7) conditions are introduced into the con-
sideration for the various L; ro, r-matrices of the NC, or IEx materials for the computerized
mathematical solution of the problem [1-5,7,8].

For the generalization of the theoretical results the most appropriate consideration
is fulfilled via the dimensionless variables with the X;(r,ro; T)-concentration waves propa-
gating along the dimensionless (r,(ro)—distances, see Figs. 1c,d) in the course of the dimen-
sionless T-time (T=Djt/(ro)" ).

The mathematical approach used is presented via the computerized modeling of the
MMT kinetics in the Sections 2,3 with the list of the positions: the equations and relations
considered inside the IEx nonselective r,ro-matrices. Naturally that the total balance for all
participating n-substances with the internal J;-fluxes (1< i<n, in Figs. 1a,b) is maintained
during the computerized numerical simulations by the implicit finite difference technique
for the r,(ro)-matrices considered (Fig.1a-d)[1-5,7,8] .

The modern approach with all mentioned postulates and equations of the created
numerical solution of the multicomponent generalized partial differential MMT IEx n-Egs.
(3.A) mentioned together with the corresponding boundary and initial conditions,
Egs.(3.6,7)) has been applied (via the finite differences) for the computerized modeling
with the numerical calculations of the propagating X,(r,ro; T)-concentration waves (Figs.
lc,d) mentioned. In result the mathematical solution of the IEx MMT balance equations
describe the propagation of the interfering X;-concentration waves in the correspondence
with the key multicomponent wave W '-concept presented.

The numerical technique is based on the implicit finite difference formulation (with
the sweeping procedure) for the generalized parabolic partial difference diffusion IEx n-
Egs. (3.A) with the iteration technique including the multicomponent (mathematical) ma-
trix calculations approach, including the multicomponent (mathematical) matrix inver-
sions[ 1-5,7,8].
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The set of the author’s corresponding computer Fortran programs has been com-
posed for the simulation of the various MMT, IEx&NC Kkinetics processes in the n-
component systems.

The X(distance; T)-waves behavior is the result of the computer simulation via
the elaborated Fortran programs for the propagation of the multicomponent X;(distance;
T®)-concentration waves along the r,ro-distances (Figs. lc,d) in the course of the discrete
T5-time[1-5,7,8].

The behavior of the multicomponent IEx, MMT systems are described effectively
on the basis of the conceptual wave W -approach [6] describing the multicomponent prop-
agating waves with X, ;.(T)-concentration profiles (Figs. lc,d) in the IEx matrices.
(There is considered here the non-selective IEx MMT kinetics [3,7,8] as the partial case of
the generalized NC, MMT process [1-5]).

The IEx MMT approach is in the connection with the general framework of the var-
ious considerations based on the wave W' -concept. Previously the multicomponent “wave”
theoretical approach has been used especially effectively for the dynamic (chromatograph-
ic) systems[9-19] .

Thus, the computerized investigations of the NC&IEx MMT kinetics [1-5,7,8] have
been realized in cooperation with the co-working {D;}-multiDiffusion influence in the
pores of the matrices for the i,j—components. There are included into the consideration the
properties of the NC [1-5], and IEx [3,7,8] models with using the effective key wave W'-
concept including the X, ~concentration waves behavior. The difference and similarity in
the concentration waves behavior between the two kinds of the dynamic (in chromatogra-
phy), and NC kinetic systems are described and summarized [1-5].

In the excellent monograph [9] the dynamic behavior of the X,-concentration
waves in the chromatographic column (filter) is described in the multicomponent chroma-
tographic, and ideal dynamic systems. In such ideal cases (without the dispersion factors in
the chromatographic filters) the problem is considered for the dynamic X,-concentration
waves with the multicomponent competitive Langmuir sorption (or IEx) isotherms with the
constant separation coefficients[9,11,14-16].

The mathematical theory of the hyperbolic partial differential equations with the
application of the mathematical h-transformation approach (or in other mathematical ter-
minology: Rieman invariants) is effectively used by the authors[9] for the description of
the propagation of the multicomponent ideal X,-concentration waves on the basis of the
wave concept[9,11].

3. Main mathematical formulation of the IEx, MMT problem with
the diffusion partial differential equations

The multicomponent diffusion Xy, (T)-concentration waves with their propaga-
tion (along L;ro,r -distances) (visual examples in Figs. 1c,d) including the interference of
the concentration Xnr.0.(T) -waves inside the bi-functional NC L;ro,r-matrices play the
decisive role in the description of the diffusion NC, and IEx MMT Kkinetics process.[1-
5,7,8] The IEx MMT kinetic process is considered here as the partial case of the general
NC kinetics in the bi-functional NC matrices[1-5]. Therefore additionally to the short re-
view above this well-known and widely used «wave» approach (the key wave W -concept)
for the dynamic (chromatographic) systems [9-19], and for the multi-component NC, and
IEx kinetics systems [1-5,7,8] is shortly considered in S. 4, below. The W'-wave approach
represents the fundamental part of the thermodynamics of the irreversible processes[6].

Naturally that the multicomponent diffusion Xy «oy(T)-concentration kinetic waves
may propagate in the pores of the usual IEx medium due to the such driving forces as the
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concentration gradients with the additional effect of the general electric field gradient (grad
@ in Eqgs.(3.4)) with the {D;}-coefficients as the multi-Diffusion factor. The corresponding
explanation with Egs.(3.4), (3.5) and with the IEx kinetics examples are presented visually
in Figs. 3a,b-5a,b in S.5 below.

The detailed description of the IEx MMT kinetics by the MMT system of the basic
partial differential n-Egs. (3.A) with the corresponding relationships (3.2)-(3.7) is given
(here in S.3). According to the IEx MMT diffusion kinetic partial differential mass balance
nth-Eqs. (n =1,.7,..) in the course of T-time with the ro,r-distances in the IEx matrices are
usually presented in generalized form as follows [3,7,8]

O0Xy/ T =-div{Jy} ,n=1,.m,i.j,.. (3.A)

Change of n-mass [Diffusion term with J,, _mass fluxes]

The IEx kinetics MMT partial differential n-Eqgs. (3.A) have the mathematical dis-
tinctions which in respect to the various IEx matrix shapes (r-sphere, ro-fiber) are condi-
tioned in the distinct mathematical expressions for the differential operators: grad; o(Xu),
and divy,o{Jn}. The rather simple physical sense of the generalized MMT n-Egs. (3.A) is
explained and illustrated visually in the author’s publications[1-5,7,8]"

Besides in the author’s computerized simulation [1-5,7.8] there are used the funda-
mental Nernst—Planck n-relationships (3.4) [6] for the diffusion vectorial J;; -fluxes in the
n-Eqgs.(3.A) for the each diffusing i,j-components with the constant multi-Diffusion coeffi-
cients: {D;;}- Diffusivities. The classical Nernst-Plank relationship for the J;-fluxes in the
IEx matrices of the i,j-components describes the diffusion not only for the charged i,j-
components but for the not charged one (z; =0) also [20-28]:

J.=12+1=-D, {grad X, + (F/RT) zX, grad ® }, e = i,..].. (3.1)
where J, are mass fluxes for the multi-Diffusion of the e-components (with {D;;}-
diffusivities; D;; >0).

The Diffusion J-fluxes (3.5) (Figs.la,b) for the e-components are composed from
the two characterizing terms: (a) J.~ is the vectorial flux with the driving force conditioned
by the X.-concentration gradients (-D, grad X.), and (b) Jis the additional vectorial flux
with the driving force conditioned by the electrical ®-potential gradient: -D.(F/RT) z.X.
grad ©.

In result the classical Nernst-Plank relations (3.4) in the IEx MMT partial differen-
tial n-Eqgs. (3.A) describe the diffusion MMT for the all n-components.

The material balances in n-Egs. (3.A) for the multicomponent kinetic IEx system
should be supplemented by the two additional conditions [20-28]:

for the electroneutrality condition

SUM, (z,X,) =1, (3.2)
for the condition of the absence of the electric current
SUM,, (Zndn) =0 (3.3)

As usual, due to the known algebraic transformation the influence of the gradient of
the electric field (grad @) is expressed mathematically[6,21,22] via the sum of the other
Xy-concentration gradients by using the absence of the electric current relationship
(3.3).[6,20-28] Then in the result the J,-fluxes (n=1,2,...) are described by its own gradient
(grad X,) with the addition of the multicomponent superposition of X;-concentrations gra-
dients (grad X;) (3.4),(3.5).[6, 20-28] Such well-known superposition of the gradients
(3.4;3.5) obtained by this method of exclusion is called the “diffusion potential” in the
theory of the irreversible thermodynamics [6, 20,21]

- (F/RT) grad ® = SUM, (Diz; grad X;)/SUM; (Dz*X; ) , i=1,2... (3.4)
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The fundamental Nernst-Plank relationships (3.1) reflect the dependence of the J;-
fluxes from the concentration gradients together with the integral co-influence of the elec-
tric field gradient, (grad @ in Eqn.(3.4))[6, 20,21,26,28].

The relationship (3.4) gives the possibility to eliminate formally (mathematically)
the gradient of the electric potential (@) from the mathematical consideration by using the
two (3.2), (3.3) relationships, with the final result

1. =15+ 1=-D, {grad X.+ SUM; (Diz; grad X;)/ SUM; (Diz*X,) }  (3.5)

In result the first term J.* in the Eq. (3.5) is conditioned by the individual diffusion
D, of the e-component, and the second Jeel summand represents the influence of the electric
field gradient (grad @). Thus the second term in Eq.(3.5) shows the interferences of the X;-
concentration waves propagating in the IEx, (and in the bi-functional NC) matrices due to
the common electric field.

For the computerized solution of the IEx, MMT system the problem should be
completed by the accounting of the boundary (3.6) and the initial (3.7) conditions:

boundary (1, rog,Lo, and r, ro,L.>0) conditions

at ro, roo,Lo=1; X,, Xn , and

at r, roL%O 1* (6X,/ 0r )>0; ro( X/ 6 ro) > 0; (aX/aL) =0 (3.6)
initial conditions : at T =0 ; Xy = X" 3.7)

The electro-neutrality condition (3.2) should be fulﬁlled also for the boundaries: ro,
rog,Lo=1, and 0 (3.6), as well as at the initial (T=0) conditions (3.7).

The obtained results of the computerized simulation with the n-Eqgs.(3.A) are pre-
sented via the well-known, key multi-component concentration “waves”, W'-concept men-
tioned. [1-5] The short review of the description of the wave W' -concept with its applica-
tions is presented below in the next S.4.

4. Concentration wave key W'-concept in the multicomponent
Diffusion IEx MMT kinetics and dynamics

The obtained results of the computerized simulation on the basis of the created au-
thor’s contemporary multicomponent bi-functional NC Model [1-5] are presented via the
well-known multicomponent «concentration waves» via the key W'-concept repeatedly
mentioned.

The X(distance; T%)-concentration waves arise and propagate along the distances:
(r,(ro)-radius, or L-thickness; dimensionless) inside the IEx or NC L;ro,r-matrices during
the MMT kinetics process. The multicomponent X,(distance; T°) waves with their propa-
gation play the decisive role in the description of the bi-functional NC, or mono-functional
IEx MMT Kkinetics. [1-5,7,8] Therefore this well-known and widely used «wave» W'-
approach (especially in the theory of multicomponent chromatography [9-19] ) is shortly
reviewed below including the next S. 4.1.

The key wave W '-concept of «multicomponent waves» is widely used in the theo-
retical description for many scientific fields of the MMT for various kinetic and dynamic
systems. The «multicomponent waves» W '-concept has wide area for the applications in
the such research fields, as percolation processes[9-15], mechanics of liquids, gas dynam-
ics, [29] theory of burning and even street traffic[15,16,30]. The term «wave» (here, the
key W'-concept) has been used in all these publications[1-31] including the mentioned ex-
cellent monograph[9], and the books[15,29-31] concerned with shock waves, car traffic,
and kinematic waves. There are phenomenological concepts potentially common to all fil-
tration processes, which can also be extended to a whole series of migration phenomena
such as chromatography, sedimentation, electrophoresis and some others [9-31].
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The review [17], and additionally the presentations [18,19] published by the author
in cooperation with prof. W. Hoell (Karlsruhe Res. Center, Germany) include the applica-
tion of the wave concept in the multicomponent dynamics (chromatography) with the de-
scription of the SCT (Surface Complexation Theory) Model. The SCT-Model for the mul-
ticomponent [Ex equilibrium had been elaborated by prof. W. Hoell group at the end of the
last century (see Refs. in the review[17]).

In previous manuscripts [1-5] the described postulates of the mathematical modern
NC bi-functional Model created, and MALg relations for the chemical reactions equili-
brium [1-5, 32] have been implemented into the mathematical description of the MMT,NC
kinetics process together with the all relationships including the mass balance partial diffe-
rential n-Eqgs (3.A), electro-neutrality condition (3.5), classical Nernst - Plank equations
(3.4) for the J, fluxes of the n-components (S.3).

All the computerized calculations have been obtained by using the dimensionless
values, including X,-concentrations; D,-diffusion coefficients; Kgs-constants of chemical
association-dissociation MALg reactions.[1-5]. The MMT Kkinetics in the IEx kinetics in-
clude the multicomponent X,-concentration waves propagation along the dimensionless
distance: L,(ro),r in the course of the dimensionless time (T=Djt/r,*)[1-5,7,8,32].

4.1. Coherence state of the multicomponent X,-concentration waves

The coherence conditions for the X,-concentration waves define a special regime in
the propagation of the multicomponent concentration waves in the chromatographic, dy-
namic systems in which all the X,-concentration waves of the n-components mixture move
synchronously.[9-12] The concept of the coherence describes the states of the chromato-
graphic systems which they tend to attain similarly to the way that closed system tend to a
state of equilibrium, while open system with a fixed boundaries and constant boundary
conditions tend to attain stationary states[9-16].

The concept of coherence was developed, and generalized by F. Helfferich with
reference to the sorption waves[10-13]. This W'-concept makes it possible to treat qualita-
tively, and to calculate in principle quantitatively the multi-component concentration
waves in a chromatographic systems under the arbitrary initial and boundary conditions.
On the D. Tondeur opinion [12,13], «the coherence is one of the most deep reaching and
powerful concept in process dynamics, at least as far as the multicomponent systems are
concerned»[13].

More generally coherence is considered as a state or a rather dynamical regime to-
ward which a dynamic system will naturally tend when relaxing after a finite time[9-13].
However, coherence not only refers to the end state of relaxation after a perturbation but
also to the relaxation occurs the way in which an incoherent perturbation breaks up into the
coherent modes[10,11].

The global concept of coherence [9-13] indicates the direction in which the devel-
opment of the multicomponent system advances towards the final coherent state. The cohe-
rence definition with its physical sense has been explained by F. Helfferich clearly[10] .

4.2 Interference Effects for the multicomponent X,-concentration
waves

Previously the multicomponent W'-concept (for the Xy(distance; T-time)-
concentration wave) has been considered not only for the IEx MMT kinetics mass trans-
fer[7,8] (see this manuscript) but for the mass transfer dynamics in the sorption, and Ion
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Exchange (IEx) systems also (sometimes even with the good results).[9-19] Therefore the
propagating multicomponent X,gisance(T-time)-concentration waves with the key wave W'-
concept should be considered. It should be stressed as one of the main feature of the MMT,
NC(& IEx in S.5) kinetics in this manuscript (and in [1-5,7,8]& S.5.

The difference between the propagation of the multicomponent Xigistance(T)-
concentration waves in the kinetics and dynamics of the MMT systems is rather evident
though the travelling multicomponent X;gistance(T)-concentration waves are originated in
both cases. However in addition, there are the essential differences for the comparing of
the X(j)distance(T)-concentration waves behavior in the IEx MMT dynamics and kinetics sys-
tems:

a) In the IEx dynamics systems, as a rule, the travelling concentration waves (espe-
cially in the theory of the multicomponent chromatography[9]) used to reach the stage
named as «coherence» (which is introduced by F. Helfferich in [10]). This important gene-
ralized concept is discussed in many publications[9-16] (see also above here). In this case
the linear sizes in the chromatography system are large. Therefore for the dynamics the
multicomponent X,-concentration waves achieve the so called «coherent state»[9-13]. In
the coherent state the X,-multicomponent waves are separated by the concentration pla-
teaus and move synchronously[9-16].

b) In the diffusion multicomponent MMT NC &IEx kinetics systems (like in the
multicomponent NC kinetics considered previously), the behavior of the Xioy(T)-waves
and its interpretation differ in the presence of the diffusion phenomenon (even in the ab-
sence of the chemical reactions (Selectivity 1)). Due to the short (L;ro,r)-distances the
propagation of the diffusion X;;0){T)-concentration waves takes place in the NC&IEx
MMT kinetics systems without the formation of the concentration plateaus between the
XiLroy(T)-waves[1-5,7,8]. In this case, due to a limited small size (like: L;ro,r) of the vari-
ous matrices the Xj«o)-concentration waves are unable to disperse with the formation of
the concentration plateaus.

Therefore, the coherent state (or else the stationary state) might not be attainable in
all NC&IEx kinetics variants of the MMT process due to the short distance covered by the
Xa-waves in the MMT kinetics systems. However, it is naturally that in the case of the
MMT, NC&IEx kinetics, the effect of the interference of the multicomponent diffusion
kinetic X;-concentration waves takes place[1,5,7,8,20-28]. All the results of the compute-
rized MMT, NC(or IEx) kinetics simulations show the essential meaning of the Xz o)(T)-
concentration waves interference in the course of time (T)[1-5,7,8].

5. Ternary {D;}-Diffusion kinetics, including NDE in the non-selective
IExchangers

Before the consideration of the multicomponent (ternary) nonselective IEx diffu-
sion kinetics there is demonstrated visually the one i-component (i=1) X;-concentration
wave behavior (Figs 2a,b, below) for the two simple binary IEx variants. These variants of
the one i-component (i=1) IEx kinetics are corresponded to the binary (i/j) IEx in the r-
bead matrix[24]. In Figures 2a,b the two experimental SEM micro-pictures are shown as
the illustration of the propagating diffusion X;-concentration Ni-wave profile (i=1) for the
binary IEx (Ni/Rj ) inside the r-bead matrix.

Figures 2a,b show the simple one component (i=1) Xyi-waves (SEM profiles de-
picted by the light lines) for the two types of the binary IEx : (a) left - nonselective IEx
(H'/Ni*"), ; (b) right - selective IEx (Ni* /Na")[24]. The SEM micro-pictures (Figs.2a,left;
b,right) show the diffusion r-spherical Xyix)-wave propagation of the two types (a,b) of the
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invading one component (i.e. i=1, binary IEx) Xy~ r-concentration waves in r-sphere. The
experimental selective IEx, SEM micro-picture (Fig. 2b, right) presents additionally the
illustration of the visual structure of the selective IEx resin inside and outside of the visual
Na(A") /Ni(B") r-spherical boundary.

Comparison of the nonselective (a) and selective (b) IEx with the corresponding
experimental concentration waves is presented visually in Figs. 2 a,b (below)

(a)lefi - non-selective IEx (Ni/RH) (b)right - sel

i)

ective IEx (Ni/RNa)

o

Fig. 2 a,b. Experimental SEM micro-pictures with binary (Ni/Rj) Diffusion IEx:
propagation of the invading Xx;,-concentration waves to the r-Center: (a), left -non-
selective IEx (RH/Ni); (b),right-selective IEx (RNa/Ni). Light lines (a,b): X~
concentration waves-profiles. Micro-pictures for two kinds of IEx: (a) spreading diffusion
Xni-wave, non-selective 1Ex; (b) sharp Xi-wave, selective IEx (experiment).[24] VPC
(Vinyl- Pyridine-Carboxylic) is a ampholyte resin (Russia).

A lot of such simple binary IEx cases (with a one i-component-diffusant) have been
studied [20-22] since 60", For the nonselective IEx resin the one component Xyj -
concentration wave (Fig.2a,/eft) propagates to the (ro),r-Center with the rather smooth and
simple spherical Xy -profile.

The MMT IEx kinetics process in the nonselective center-symmetrical ro,r-matrices
of the IEx resins is much more interesting for the theoretical study due to the propagation
and interference of the multicomponent X, -concentration waves [3,7,8,25-28].

The multi-Diffusion {D;} nonselective IEx system of the MMT kinetics process
with the interferences of the multicomponent X; 1 ., -concentration waves (propagating in
the IEx r,ro-matrices) is represented by the ternary Diffusion {D;, i=1A,,B,;C} 1Ex kinet-
ics: (R\_IAJr)resin /(2B+; 3C+)solution[7,8]-

In a number of the previous investigations[25-28,33] of the ternary {Dij-apc}-
Diffusion IEx kinetics there were marked especially the unusual and non-monotonous be-
havior of the kinetic Fg(T)-curve with the kinetic maximum Fg™*(Ty,), where Ty, is the
corresponding time moment.

The examples of the such unusual, non-monotonous behavior of the kinetic Fg(T)-
curves (i.e. including the kinetic Fg™**-maximum) are demonstrated in S.5.1 via the au-
thor’s visual method used: by the computed «coupled figures» (Figs. 3a,b). Such method
was used in publications [3,7,8,32] with the pair of figures arranged «in line &abreast»
(Figs. 3a,b): {left-Xitro ; Firro(T)-right}. The calculated investigation was fulfilled for the
discrete Tr,ms-time series  (s=1,2,3; Tr,m],top - Tr,ro3 ,down) on the computerized
«coupled» {left-X;, &Fi, right}, Figs. 3a(r),b(ro).

In the «coupled» Figs. 3a(r),b(ro) it is indicated visually below that the interference
(i.e.»displacement») between the two invading Xg,Xc-concentration waves is the theoreti-
cally established cause for the non-monotonous behavior of the kinetic Fg(T)-curve men-
tioned (i.e. with the Fg™(Ty,)-availability). Such Displacement effect with the the kinetic
maximum (Fg™**(Ty,)) is called here the «New Displacement Effect» (NDE)[3,7,8].
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The additional study with the non-monotonous Fg(T)-curves behavior in a depen-
dence of the various Dy p'~-diffusivities values (i.e. when Da;D g>>Dc) is presented
(S.5.2, below) by Figs. 4a,b ; 5a,b together with the IEx kinetics F,(T)-curves, for the
i=1A, »B, 3C-components.

The analysis of the results in the previous mentioned articles[25-28,33] concerning
the unusual non-monotonous behavior of the kinetic Fg(T)-curve with the Fg™**(T,,) for the
ternary IEx kinetics (mentioned above) is presented here in (S.5.2).

The detailed author’s review is published [3,7,8] of the investigations presented in
the articles [25-28,33] mentioned. The main advantage of the theoretical approach pre-
sented here (with the W'-concept including the partial differential mass balance n-Eqs
(3.A) for the IEx, MMT) is that it shows the NDEffect in obvious, straightway via the X;-
concentration waves presentations (here Figs.3, leff) , see also [8]).

Besides the computerized simulation with the wave W' -concept shows that the
NDEffect is the only real reason for the non-monotonic behavior of the kinetic Fg-curve.
The «coupled» Figs.3a(r),b(ro) with the inclusion of the corresponding explanations below
confirm the last statement.

There is proved (according to the main “coupled” Figs. 3a(r),b(ro), below) that the
origin for the non-monotonous behavior of the kinetic Fg(T)-curve is explained visually by
the demonstration of the NDE-effect due to the displacement interference of the two invad-
ing Xp,Xc-concentration waves into the nonselective IEx r,ro-matrices (see /left-X;, Figs.
3a(r),b(ro)).[3,7,8] The visual obvious illustration of the NDE-effect with its influence to
the non-monotonous Fg(T)-curve behavior is explained and presented visually via the me-
thod of the two «coupled pictures», namely: {wave-X; | F-kinetic curves}(Figs. 3a,b). The
“coupled pictures” are arranged visually «in line&abreast» as in Figs. 3a(r),b(ro) (S.5.1).

The main interesting result of the displacement interference of the two invading
Xp,Xc-concentration waves is called here as the «New Displacement Effect»[7,8] (i.e.
shortly NDE) in the nonselective IEx resins (for the r-bead, or ro-fiber matrices). In the
result of the computerized modeling the NDE effect is demonstrated visually (by the com-
puted «coupled» Figs. 3a(r),b(ro)). The displacement interference between the two invad-
ing Xp c-concentration waves (left-Xp ¢ ;Fig3a,b) when the slow Xc-concentration wave
displaces the fast Xg- concentration wave leads to the accumulation of the B-component
content (Fp-right,; Fig3a,b) .

The visual computed “coupled” Figs. 3a(r),b(ro), (left-Xirro(T>)) exhibit the NDE
effect during the displacement interference of the Xg,Xc-concentration waves by the au-
thor’s method of the two combined «coupled picturey (arranged «in line & abreasty).
[3,7,8] The coupled Figs. 3a(r), b(ro) i.e. {left—X,-r,m(TS) | Firro(T)-right} shows visually the
B-component Fz-accumulation|3,7,8].

The original applied “coupled pictures” method (presented here obviously in the
main Figs. 3a(r),b(ro)) for the visual demonstration of the NDE effect in the nonselective
ternary IEx kinetics R'( 1A+) resin/ (zB+ ; 3C+)Soluti0n 1s described in details in S.5.1.

5.1. New Displacement Effect (NDE) in the nonselective ternary IEx
kinetics via the author’s «coupled Figures» method

There is considered in the manuscript (S.5,6) the results of the theoretical investiga-
tion obtained by the computerized simulation of the diffusion ternary MMT, IEx kinetics
with the various D;-diffusivities {D/=Da,Dg,D¢} in the nonselective IEx resin [3,7,8,32].

The MMT, IEx kinetic process here has been modeled [3,7,8] as the particular case
of the generalized MMT, NC kinetics process in the bi-functional NC matrices (which are
considered previously [1-5]). The important key wave W'-concept is applicable also effec-
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tively for the particular case of the considered nonselective {D;}-multi-Diffusion IEx ter-
nary kinetics: (RT1A+)resin/(2B+;3C+)501uﬁon. The corresponding propagation and interference
of the ternary X;; ,,-concentration waves (i=;A,,B,3C) considered are the compulsory reason
for the mentioned noval NDE-effect inside the nonselective IEx r,ro-matrices[3,7,8].

For the nonselective (i.e. mono-functional in the destinction to the bi-functional
NC) IEx, MMT kinetics system considered here the results of the MMT simulation are ob-
tained by the same method of the numerical computerized solution of the partial differen-
tial mass balance n-Eqs.(3.A), however without the Selectivity terms, (see S.3). In this case
there are included into the consideration only the multi-Diffusion {D;}-terms in the n-
Eqgs.(3.A) for each i-component (i=;A,,B,3C). It is essential that in this case of the nonse-
lective IEx kinetics the «coupling» effect of the electric ®-field in the fundamental Nernst-
Plank relations (3.1) is included also into the consideration with the interference (3.5) of
the X; o -concentration waves in the IEx resin.

For the study of the New Displacement Effect (NDE) considered ( S.5.1-5.2) the
original method of the presentation of the computerized simulation results has been used
with the visual demonstration of the combined «coupled pictures» which are arranged by
the author «in line & abreast»: {left-X; | Fi-right}during Tsr,m—time series as in the main
Figs.3a(T,);b(Tr ). [3,7.8]

Hereinafter for short in the nonselective IEx kinetics process the following explana-
tions of the NDE-effect via the author’s «coupled pictures» method will be given only for
the IEx r-matrix (Figs. 3a(r); T, -time series).

Naturally that the explanations via the «coupled pictures» for the ro-matrix
(Figs.3b(ro);Tr01'3 -time series) are identical to the r-matrix case. However it will be shown
further (by comparison) that the NDEffect for the ro-matrix is essentially smaller
(Figs.3b(ro), T, -series).

In other words the «coupled pictures» (for T, >-time series, IEx r-matrix) are pre-
sented by the two pictures arranged by the author «in line & abreasty (viz. left & right),
i.e.{left-X;AT®) | Fi(T)-right} in the computed Figs.3a(r), (top,T;'-down.T,’). Coupled pic-
tures {X;(T>) | Fi(T)} represent the results of the computerized MMT, nonselective IEx
kinetics simulation.

Thus the two separate functional {X;(T); F;(T)}-dependences are designedly in-
corporated by the author «in line & abreast» into the computed coupled pictures:{lefi-
Xl T5) | Fi,(T)-right} in Figs. 3a(r) for the nonselective IEx r-matrix.

In the process of the modeling the X,',,,O(TS)-concentration waves-distributions in
Figs.3a(r); (left—X,-,(TS), where T°=T,'~) have been computed at the instant time moments,
T3=T,"*? (a,left). The computed example of the X;-concentration waves (left-X;,) for the
«coupled pictures» are represented for three moments in the time series: «fop, T -
down, T» in (left-X;,), Figs. 3a(r), left side. Thus three X;(T%)-concentration waves-
profiles are shown for the three discrete Trl'3 -moments: top,Tr1 - down,Tr3 (left-X;, , Figs.
3a(r)).

For the same T, -time series, Figs. 3a(F;(T)-right) show correspondingly the kinet-
ic Fj-curves together for the T.'”?-moments which are marked by the three s-dots (©)
placed correspondingly on the three Fg(T) curves in correspondence with the T, -time:
top,T,' - down,T,’ in Figs. 3a(F;(T)-right).

Thereby the important principal main position: «synchronization» of the left and
right sides of the «coupled picturesy is applied by author with the visual consideration and
analyses of the computed «coupled pictures» presenting as {lefi-X; | F;-right} in Figs. 3a
(for theT,! time series: top, T,- down,T,3 ).

The Tr,ms—time synchronization is realized between two «in line» sides {left-
Xir T.0) | FilT)-right} of the Figs.3a(r),b(ro) for the both functional dependencies («in line
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& abreasty) during the T, -time family in Figs.3a(r). For this purpose the discrete instant
Trl'3-time moments considered are marked by the three Trs-verticals which have the black
e-base (T,S, s=1,2,3) on T,-abscissa in Figs. 3a (Fp,-right, three T,S-Verticals: top,T,1 -
down,T,”). The each T, -base (@) of the T, -verticals (Figs3a, Fg,(T)-right) is terminated by
the white s-dot (o,up) on the three Fg(T)-curves (Figs.3a(r): Fp(T)-right; T, -verticals:
top,Tf—down,Tf).

In the course of T-time (from fop,T,' till down,T,”, in Figs. 3a(r) the white o-dot
«transfersy (i.e. slides visually) along the Fg,(T)-functional curve (in the T, series: i.e.
along Fg(T)-curve in Figs. 3a,T,'>; Fg(T)-right).

Simultaneously with the time (T, «sliding» of the white o-dot (s=1,2,3), demon-
strating the corresponding ,B, -filling (Figs.3a(r),T,>, Fg,-right) there are demonstrated
the cor-responding X;(i=1A,,B,3C)-concentration waves-profiles (/eft-X;,, Figs.3a) during
the T, >-series (leff): from T,' moment (fop) till T,” one (down).

The maximum Fg, ™ (T,)-value on the any non-monotonous Fg(T)-curve is
marked by the Tp,-vertical (dashed) with the two (up&down) «colored»e-dots notation
(Figs. 3a,Fp, " (®-Ty,), right).

The details of the considered NDE effect (i.e. the displacement of the ,B-
concentration wave by the propagating ;C-wave via its «incursion»: T, leff) are
represented ((left-Xi(T>), Figs.3a) via the X;-concentration ,B,;C-waves behavior display-
ing at the T,°-time moments (lef-X;., Figs. 3a, T.'*?). The compelling reason for the
NDEffect is specified mainly by the displacement interference of the two - slow 3C and fast
»B-waves during their diffusion to the r,ro-Centers (where r,70=0), (left side,in Figs.
3a(r);b(ro)).

It is proved (just below) that during the propagation of the X;-concentration waves
the slow X¢,-wave displaces the fast Xg-wave (for the given Dg>>Dc relation: left-X,
Figs. 3a(r), T."). The NDE is conditioned due to the frontal ;C-wave (dotted) incursion
(left-X;, T, ) into the Xg,-wave region (during the T,'” time series (left-X,, Figs.3a(r)).

This incursion of the slow Xc,-wave (left- X¢,,dotted, Figs. 3a(r)) is the reason for
the NDE effect with the displacement of the fast Xg,-wave (left-Xg,, Figs. 3a(r)). The fron-
tal Xc,-wave incursion occurs at the rg-positions (ri23; left, where Xc,~0) which are
marked by the brown e-dot (base on r-abscissa), (lefi-X;.), in Figs. 3a; T, ).

The computed (left-X,,),Figs.3a demonstrate the moving Vs-verticals with the rs-
positions (s=1,2,3) on r-abscissa (where the each rs-base is denoted by the brown e-dot).
The each Vg-vertical (s=1,2,3; left-X;, , Figs. 3a(r)) is terminated by the corresponding
«white and black» up arrows: (ﬁ,a); (f,b) which indicate the ;B,-accumulation in the

up, along Vg-vertical (s=1,2,3) on the Xg,-concentration wave, (left-X; , Trl'3;
Figs.3a(r)).

The NDE location of the ,B,-accumulation (in the Qval Dis indicated by the «up ar-
TOWS» (ﬁ,a) of the mobile Vg(T,%)-verticals with rs, ®-base (moving along r-abscissa) in
the computed - (lefi-Xg,, T, ), Figs.3a.

The rs(a); ros(b)-positions (e) together with the up arrows (ﬁ,a) ;(',b) exactly on
the Vg-vertical (s=1,2,3) prove the existence of the NDE effect (in the ¢vals)) which is in-
creased in the course of T, ,,-times (/efi-X;,», , Figs. 3a,b; from Tm,1 till T,”).

The coincidence mentioned between the two various characteristics: a) the rg-
positions on r-abscissa (marked by e-dots) for the frontal X;c-wave boundary (X3¢,=0) ; b)
the rs-positions for ;B,-accumulation (in the up) on the Xp, -concentration waves
(left-X,,, Figs.3a(r), T,?) proves the reason for the NDE effect: the slow ;C,-wave displac-
es the fast ,B,-wave due to ;C,-wave incursion by its frontal part (e-dots, rs-positions) into
the ,B,-wave (left-X;, Figs.3a(r), T, ).
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The presented time diapasons: Trl'3 (or Tm”) cover the region (0<Tmr,mm<T,)m3)
around the Ty, (0.21), or Tyy0(0.56)-values (e-dots in Figs. 3a(r),b(ro), Fg, ,-right).

Thus it means certainly that the reason for the ,B,- accumulation (in the up ,
left, Figs.3a(r)) is the displacement effect (NDE) for the fast Xg,-concentration wave by the
incursion (in the e-points: 1y, 17, 1r3) of the slow frontal X;sc-concentration wave (left-Xg,,
Figs 3a(r),T,>).

Therewith the computed Figs. 3a(r) with the «coupled pictures»: {left -
XA T)[F;i(T)- right} are included as the computed frames-«coupled pictures» at the suc-
cessive Trs-time moments into the author’s computed multi-colored SCAnimations
(«SCA.avix» video files) mentioned earlier (in S.2,3) and discussed later (in S.6.2).

The scanning of the «SCA.avi» video files (during the oral presentation) demon-
strate the occurrence of the NDE effect with the evidence and distinctiveness. It goes with-
out saying in contrast to the long and laborious explanation cited above. It is especially
evident during the multi-colored SCAnimation («SCA.avi») scanning (due to the movable
Vs,.o-verticals with theirs basis (e, rs-positions) that the Xg,(T)-wave is displaced by the
frontal incursion (in e-dot(r; 2 3), where Xsc,,=0) of the slow Xs¢,,,(T)-waves.

The NDE effect includes the influence of the geometrical shapes (r-bead, ro-fiber)
of the IEx r,(ro)-matrices during the MMT, IEx kinetics process presented (/eft-X;.,,) in
Figs. 3a(r),b(ro). For the both r,ro-matrices the location of the NDE effect is indicated by
the movable Vs(Tr,ms)-verticals with the basis (®-rs,ros) terminating by up arrows (ﬁ,a);
(',b) in (left-X;, ro; Figs. 3a,b). The Vg-verticals with the rs,ros-positions (®) together with
the up arrows (ﬁ,a) ; (',b) prove the NDE existence and indicate the NDE effect (/eft-
Xirro, Figs. 3a(r),b(ro)).

The physical sense of the Xg,-concentration jump which localized by Vg(T,® )-
verticals, in rgi.3)-positions (left-Xg, , Figs.3a, Trl'3) including the Fg,""* peak on the Fp,-
curve (Figs. 3a,Fg,-right) for the r-bead should be explained by the steep decrease of the
current r-volume (~r’dr) for the Xg,-wave diffusion through the r-surface (4nr?). It is ob-
vious that the decrease of the current ro-volume (~ro«d(ro)) for the diffusion of the Xg,,-
wave through the ro-surface (2nro«h) is not steep.

Thus for the ro-fiber the ro-surface change (~ro+d(ro)) doesn’t show the steep de-
crease (but gradual only). Therefore the Xg,,-accumulation (at ro;.3-positions) for the ro-
fiber is gradual (/eft in Figs3b). Therefore the Xp,,-concentration jump is not possi-
ble (see the gradual small change in Xg,,-accumulation (in &ovalsy, Figs. 3b) at the r0;.3-
positions (e) , series Ty, ~, (left- Xgyo, blue. dashed lines);, Figs. 3b, Fp,o™).

The comparison of the details of the NDE effect for r-bead {(/eft-X;), Figs. 3a},
and ro-fiber (left-X,,,, Figs. 3b) represents the difference between the results of the model-
ing. Figures 3a(r),b(ro) display visually that the displaced Xg,-wave (for r-bead, /eft Figs.
3a) comes to the Tm-moment with the Xp—concentration jump (lefi-Xg, ,inCovalsBa),
while the Xp,,-wave comes to the Tp,,-moment without the Xg,,-wave jump (left-Xg;o;
Figs. 3b) but with the gradual profile.

The corresponding marks («up arrows» ﬁ,a ;',b ) for Xg,o(T'?)-profiles are pre-
sented in Figs.3a,b (/eft-Xg,,). They demonstrate that the Xg,,-accumulation for the ro-
fiber is not so intensive as for the r-bead: Tp(0.21)<Tw(0.56), (see, Figs.3a(r),b(ro),
Fpy1o(T)-right).

The original presentation with the «in line and abreast», coupled pictures synchro-
nized {X,-,,m(TS),left | Firro(T),right} (such as in the main Figs. 3a(r),b(ro)) gives the effec-
tive and visual interpretation of the results of the computerized MMT kinetics simulation
in the course of T-time in Figs. 3a(r),b(ro){/eft; right}. In the meanwhile the computerized
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simulation of the X;-concentration waves behavior (left-X,.,,, Figs. 3a(r),b(r0)) shows that
the NDE is more intensive for the r-bead: i.e. Ty, (2)<Tpy0 (b).

By the visual analysis it is seen that in the fast Xg-concentration wave displaced by
the incursion of the front of the Xjc,-wave (left-Xg;.0; Figs. 3a(T,'*=0.1-0.7);b(Ty = =0.5-
0.7)) brings the B, ,,-accumulation (/eff) together with the unusual non-monotonous kinetic
integral Fg,,,-curves behavior (Figs. 3a(r),b(ro), Fg,.-right).

The author’s SCA animations (SCA.avi) scanning shows all the described NDE ef-
fects visually & obviously (and much easier for the perception by the sci. audience).

The local Xg, ,-concentration accumulation is seen on the left side (left, Figs.
3a(r),b(ro). The integral B, ,,-accumulation is seen on the right side of the «coupled pic-
turesy: (F{T)-right) with the maximum Fg,,, " -values marked by the colored e-dots
(T T mro) in the Tr,ml'3 -time series in Figs. 3a(r), b(ro).

Thus the NDE effect for the Xg,-concentration wave in the r-bead is the most inten-
sive (Figs.3a(r), left). However the total integral NDE effect-F"**(T,,) depends not from
Tumrro only but additionally from the duration of the MMT kinetics process. Though the lo-
cal (Intensity, ,)of the NDE is stronger for the r-bead in comparison with the ro-fiber,
however the corresponding T,,=0.2 value is shorter in comparison with Ty,,,=0.57-value
for the ro-fiber.

(a) r-bead; T,*-time family (top,T,' - down, T.’): T,'*=0.1; 0.2; 0.7
Fir (T) - righ
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b) ro-fiber; T, -time family (top,Tm1 - down,Tm3 ): T, 2= 0.5;0.6; 0.7
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Fig. 3a(r);b(ro). Nonselective ternary IEx kinetics. New Displacement Effect
(NDE), left -Xi.o. Family (series): T, >(a) ;T > (b). Xiy.ro-waves: Xia Xon-blue, Xsc-dotted
(left). NDE location: left: Vs-.3-verticals with «up arrowsy: @ (r);'(ro). : r's,Fos-positions,
Vs-base(®). Couped pictures: {left-Xp,.ro| Fprro - .(®)-right}; Xg-accumulations (/eff) in
(@) T,%; Ty = 0.21; T,*(®)<Tp,- (8)<T > (®);right: T,,,' >-Verticals (right);
(b)TmS; Tiro=0.56;T o' (8)<Timyo(®)<T,,*(®); Fg, " ~Fg,,"“(®). Horizontal arrows-
directions for X;,.,,-waves movements (to the r,7o-Centers).

Thus in the result the integral NDE effect is presented in the Fg,.,, (T)-curves for the
r,ro -matrices as follows: Product =Ty, ,.+Intensity, ,,. Thefore the integral F;,, " -values
are displayed as almost the same: Fg,™(a)~Fg,, " (b) in Figs. 3a(r),b(ro) (Fg,,.(T)-right).

During the MMT IEx simulations the NDE effect is not appeared for the L-
membrane. It means that the interference of the X1 ,Xgr-concentration waves is not inten-
sive, and besides the Sy -surface for the diffusion (D;) of the Xp; - concentration wave to the
other side of the L-membrane during the MMT, IEx process in the L-membrane is perma-
nent (dS.=0). The integral ,B;-accumulation for the L-membrane is absent, and Fp;-curve

behavior demonstrates the usual monotonic character (without the Fg;,
The consideration of the ternary nonselective ternary IEx Kkinetics:

maX)

R

1A+)res/(2B+;V3C+)sol is represented in the articles[3,7,8] by the previously mentioned
mathematical approach with the author’s «coupled pictures» method (see Figs.
3,a(r),b(ro)). The approach with the application of the propagating X;-concentration waves,
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(W' -concept)[1-5,7,8] has the obvious advantage in comparison with the previous results
obtained for the ternary IEx kinetics in the earlier publications[26-28,33] mentioned.

The author’s approach wih the W'-concept & «coupled pictures» method
(Figs.3a,b, {Xi-left|F,-right}) give the possibility to find out and demonstrate (especially
via the SCAnimation scanning) the NDEffect for the nonselective IEx in r,ro-matrices of
the IEx resins.

This NDE effect appears (under the definite condition: Da,Dg>D¢) for the two in-
terfering ,B,3C-concentration waves («coupled» Figs 3a,b, X, left). This imterference of
the X; (i=A,B,C ) waves is the only reason for the anomalous, and non-monotonous beha-
vior of the kinetic Fz(T)—curve (in the «coupled» Figs.3a,b, Fp, right). The displacement of
the fast incoming Xjz-concentration wave by the second, (slow) Xc-concentration wave
brings the accumulation of the X3 concentration of ,B-component in the propagating ,B-
wave (see the “coupled” Figs.3a,b, Xg,left). In the fast ,B-wave displaced (Xp; 0, left, Figs.
3a,b) this B-accumulation leads to the unusual non-monotonous Fp, -curves behavior (the
coupled Figs. 3a,b, Fp o, right). The integral B-accumulation is increased initially, then
it is decreased in the Fp,o(T)—kinetic curves (the coupled Figs. 3a,b; Fpg; o, 7ight ) with the
availability of the maximum Fp,, " -values.

The conditions for the appearance of the NDEffect are investigated, and presented
in the discussions of the simulation results (Figs. 4,5(a,b)) [3,7,8,32].

The author’s approach wih the W'-concept & «coupled pictures» method
(Figs.3a,b, {Xi-left|F,-right}) give the possibility to find out and demonstrate (especially
via the SCAnimation scanning) the NDEffect for the nonselective IEx in r,ro-matrices of
the IEx resins.

This NDE effect appears (under the definite condition: Ds,Dg>Dc) for the two in-
terfering ,B,3C-concentration waves («coupled» Figs 3a,b, X, left). This imterference of
the X; (i=A,B,C ) waves is the only reason for the anomalous, and non-monotonous beha-
vior of the kinetic Fz(T)—curve (in the «coupled» Figs.3a,b, Fp, right). The displacement of
the fast incoming Xjz-concentration wave by the second, (slow) Xc-concentration wave
brings the accumulation of the Xz concentration of ;B-component in the propagating »B-
wave (see the “coupled” Figs.3a,b, Xg,/eft). In the fast ,B-wave displaced (Xp; 0, left, Figs.
3a,b) this B-accumulation leads to the unusual non-monotonous Fp; ,, -curves behavior (the
coupled Figs. 3a,b, Fp o, right). The integral B-accumulation is increased initially, then
it is decreased in the Fg;o(T)—kinetic curves (the coupled Figs. 3a,b; Fp;o, 7ight ) with the
availability of the maximum Fp; ;o -values.

The conditions for the appearance of the NDEffect are investigated, and presented
in the discussions of the simulation results (Figs. 4,5(a,b)) [3,7,8,32].

The author’s consideration of the ternary nonselective IEx kinetics by the mathe-
matical approach in [3,7,8] has the obvious advantage in comparison with the previous re-
sults in the publications [25-28,33]. The author’s results in the modern publication [3,7,8]
give the possibility to consider the multicomponent IEx kinetic process not only via the
kinetic F; -curves behavior (as it was considered in [25-28,33]), but on the more high and
detailed level: via the study of the propagation of the multicomponent interfering X;-
concentration waves behavior in the nonselective IEx matrix of the various shapes: r.ro-
matrixes (as it is demonstrated here in the coupled Figs. 3 a,b, (Xg: 1o, left ) [3,7,8].

The consideration of the ternary nonselective IEx kinetics by the mathematical ap-
proach in [3,7,8] has the obvious advantage in comparison with the previous results in the
publications [26-28,33]. The author’s results in the modern publication [3,7,8] give the
possibility to consider the multicomponent IEx kinetic process not only via the kinetic F; -
curves behavior as it was in [25-28,33], but on the more high and detailed level: via the
study of the propagation of the multicomponent interfering X;-concentration waves beha-
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vior in the nonselective IEx matrix of the various shapes: r.ro-matrixes with the coupled
Figs.3a,b,Xg; 10, left) [3,7,8].

Besides the wide diapason of the D; -diffusivities for the non-monotonous Fg; ro-
curve behavior and its association with the NDE effect via the coupled Figs.3 a,b, {Xg;.ro,
left | F;, right}} (above) has been determined by the detailed mathematical modeling used
in [3,7,8]. This conclusion is shown with the evidence due to the original author’s presen-
tation of the propagating X; -concentration diffusion waves “together and abreast” with the
kinetic F;; 1, - curves in the «coupled pictures»: Figs. 3 {left,X; | F;, right}.

Figures 3a(up,r),b(down,ro) show the NDEffect inside the IEx r, ro-matrices for the
interfering ,B,;C-waves (Figs. 3a,b; left-X;,) which are «abreast» the integral Fp,o(T)-
curves (F-right) in «the coupled pictures»: Figs. 3{left-X; | F;-right}.

The author’s results obtained here, and in [3,7,8,32] are new and displayed for the
first time. The discussion of the computerized simulation for the X;-concentration waves
produces the proofs for the interference of the X;-concentration waves with the subsequent
origination for the NDE effect (via the «coupled pictures» method, Figs.
3a(up,r),b(down,ro)). [3,7,8]

In result of the computerized simulation [3,7,8] the propagations of the X;-
concentration waves have been calculated for a number of variants of the ternary nonselec-
tive diffusion IEx kinetics. The corresponding kinetic F(T)-curves have been calculated
simultaneously with the X;-concentration waves during the simulations for all the variants
with the wide { D; }-diapason (Figs. 4,5) [3,7,8].

In the investigation the most interesting kinetic Fp;o(T) - curves have been ob-
tained [3,7,8] with the unusual non-monotonous behavior (Figs. 3a(r),b(ro), right, Figs
4,5a,b). In this non-standard cases the kinetic maximum - Fp,,"* is available for the kinet-
ic Fprro(T) - curves for the r-beads, and ro-fibers (Figs.3a(r),b(ro),F;, right; Figs 4,5a,b).
Such variants of the nonselective ternary IEX kinetics were calculated [3,7 8] on the basis
of the author’s computerized NC Model (but without the property of Selectivity, I).

The results obtained recently [3,7,8] allow to make more precise conclusions (than
previously), and to come definitely to the real reasons for the unusual, non-monotonic be-
havior of the kinetic F;o(T)-curves with the maximum Fp, ;,"**-values availability.

The author’s results here and in the modern author’s publications [3,7,8] give the
possibility to consider the IEx, MMT kinetic process not only via the kinetic F;-curves
behavior (as it was in the previous other articles [25-28,33]) but on the more high and
detailed level based on the W'-concept: the computerized simulation study of the
propagation of the multicomponent interfering Xi-j23-concentration waves in the
nonselective IEx r,ro-matrices.

The corresponding NDE locations are presented in the Xg,. ,,-waves by the movable
Vs-verticals (left) with the rs,ros-distances (7,=0.57, r,=0.48, r3=0.15) and (r0,=0.24;
r02=0.2; r03=0.15) (left-Xg,,,) in Figs.3a(r),b(ro), correspondingly.

The time family-series (T..,, ) of the «coupled pictures» {left-Xi.ro(T®) | Firro(T)-
right} in Figs. 3a(r),b(ro) represent the small fragment (three frames -“coupled pictures”)
of the author’s multi-colored SCAnimations (SCA.avi video files) prepared for the visual
interpretation of the computerized simulations presented by the author in a number of the
oral computer presentations (including «IEx 2004-2012» conferences [18,19,32] , see also
S.6.).

There is obtained the considerable NDE effect for the fast Xg ,-concentration
waves (left-Xg,.ro , Figs.3a(r),b(ro)) «in line and abreasty for the given {D;}-Diffusivities
relations (Dp=0.2,D2=0.2>>Dc=0.01, Figs.3a(r),b(ro). The various diffusivities relations
are used in the computerized simulation with the simultaneous integral ,B-accumulation
peak-Fppro - (Figs.3a,b, Fp,.,-right).[3,7,8] The NDE effect takes place for the fast Xg,.,o-
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concentration waves (left-Xg,,,) in Figs. 3a(r),b(ro) at the definite conditions (i.e. for the
definite {D;}-Diffusivities relations (see the next S.5.2).

5.2. Non-monotonous behaviour of the kinetic Fg(T)-curve for the MMT
in the nonselective IEx for the various {Dg, Da}-Diffusivity values

Among two X,p, X3c-concentration waves invading into the nonselective IEx resin
the X3c-concentration wave (displacer) moves much slower (in this case Dg>>Dc) than the
fast X,p- concentration wave. However the incursion of the frontal «head» (with zero con-
centrations, X3c=0, see V.3—verticals, left, Figs.3a,b) of the slow X3¢, ro)-Wave initiates the
NDE effect in the 7).3;r0;_3-positions of the X3c-wave incursion. The locations (rs; ros) of
the Xsc-frontal wave incursion (see the V3-verticals, a(r); b(ro)) in Figs.3a(r);b(ro),(left)
demonstrate the positions (7.3;r0;.3) of the NDE. The larger is the difference between Dg-
Dc the more effective is the influence of the NDE for the fast Xg- concentration wave (see
the influence of the Dg-value on the integral kinetic maximum Fg™**(Ty,) in Figs. 4a,b (left
to right)[3,7,8].

The results of the computerized simulations in Figs.3a,b demonstrate that the men-
tioned condition (Dg>>D¢) for the D;-diffusivities of the X,p, X3c-concentration waves is
not enough for the occurrence of the distinct kinetic peak (Fz"**-value) on the non-
monotonous Fp(T)-curve. The Fp™-peak value depends essentially also on the Dx-
diffusivity of the outgoing X;s-concentration wave which exits from the IEx r,ro-matrices.
The larger is the Da-diffusivity the higher is the peak (F3™) in the Fg;o(T)-curves (com-
pare Figs. 4a(r),b(ro),(1-3), or 5a(r),b(ro)(1-3)).

The faster Xs-concentration wave moves out of the IEx r,ro-matrix the smaller is
the influence of the outgoing X-concentration wave on the total wave interference (which
activated the NDE effect) in the ternary IEx system considered (see Figs.5a,b presenting
the influence of the D4-diffusivity value).

It means that the interference of the three diffusion X;-concentration waves
(i=1A,,B,3C) in the IEx matrix plays the main role in the behavior of the integral kinetic
Fpro(T)-curves ( see Figs. 3a,b(right), and Figs.4a,b; 5a,b).

The necessary conditions for the intensive NDEffect are determined by the inequa-
lity relation for the all three D;-diffusivities: notably, (D, Da)>>D¢. Thus under the cer-
tain conditions (i.e., for the big difference in the diffusivities Dzp>>D¢) the Xg-
concentration is accumulated exactly in the region of zero value (Xc~0, V.3 verticals in
Figs. 3a,b, left, mentioned) of the frontal part of the invading slow Xc-concentration wave-
displacer (see X2z:; Xapro -profiles, (2B-curves, dashed blue , Figs. 3a,b,| left -X;.,0}).

For the ternary IEx kinetics the NDE effect in the Xg-concentration waves brings
the appearance of the kinetic maximum (Fp,"**~Fp, ") for both r,ro-cases (dot (e) in
Figs.3a,b; Fg"*-right). The detailed estimations of the influence of the {Dg,Da}- Diffu-
sivities on the integral kinetic Fg,.,," is presented in this Section (S.5.2). In the compute-
rized simulation a number of the ternary nonselective IEx systems have been considered
describing the non-monotonous kinetic Fg(T)-behavior in dependence of the Dg, Da-
diffusivities for the non-selective IEx matrix of various shapes (r-bead, ro-fiber).[3,7,8]

The computerized modeling of the nonselective IEx systems behavior has been rea-
lized for a number of variants with the wide diapason of the Dg, Da-diffusivity values on
the basis of the author’s computer Fortran programs. There were calculated the Xio)(T) -
waves (profiles) moving along the r,(ro)-distances in course of time (T). The calculated
results are presented «in line & abreast» via the «coupled pictures» method (S5.1): {/efi-
Xirro| Firro-right} (like in Figs. 3a,b) with the kinetic F,,(T)-curves (right).[3,7,8]
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During the modeling the propagating X(r,70;T)-waves (left-X;..», ; Figs.3a,b) have
been computed simultaneously along with the corresponding integral kinetic Fj.,, (T)-
curves (Figs.3a,b, F;,,-curves, right).

The non-monotonous kinetic Fg, ,,(T)-curves behavior in dependence of the
{Dg,D4}-values is presented in Figs. 4a,b for the various Dg'>-dependence. Figures 5a,b
represent the analogical non-monotonous kinetic Fg, ,,(T)-curves behavior for the various
D,'?-dependence [3,7,8]. For the kinetic Fg(T)-curve there is demonstrated the reduction
of the Fg™*-accumulation with the decrease of the Dj -values (Figs. 4a,b, Dg'~-variation,
from left to right),

The same Fp(T)-curve kinetics behavior takes place for the decrease of the Da- dif-
fusivity values (Figs. 5a,b, D5'>-variation, from left to right).

The decrease of the Fg,.,,"**-values for :

1. Dg'” - variable, (from large Dg' till small Dg”), Figs. 4a,b;

2. DAl'3 - variable, (from large DA1 till small DA3), Figs. 5a,b
means the corresponding reduction of the NDE effect with the reduction of the ,B accumu-
lation which is described by the Fg,.,,"*-value discussed above (Figs. 4a,b &35,b).

Consequently it is seen that the reduction of the peak (from Fg,.,, " to FB,,mﬁ“) with
the further decrease of the Dy (or Dy) values (till ~0.05) the transition for the Fg, ,,-curves
takes place to the usual monotonic behavior of the Fg, ,,(T)-curves (Figs. 4, and Figs.5,
right,3r,3ro-curves).

(a) r-bead
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Fig. 4ga,b. NDE effect, non-monotonic Fg;o(T)-curves behavior. Various D'
values: Dg = 0.25(left); 0.15(middle); 0.05(right) colored () {Timrro;FBrro - };
Fg:ro(T)-curves (blue, dashed). D=0.20; D= 0.01;

(a) r-bead, T,y = 0.19(1r), 0.25(2r), 0.48 (31);

(b) ro-fiber, Tpo= 0.53(1r0), 0.61 (2ro), 1.15(3ro).

Thus it is seen that the decrease of the Dy (or D4 ) diffusivity reduces the NDE ef-
fect till its absence (when Dp(or D4) reaches ~ 0.05 value). When diffusivities Dg (or D)
are smaller than (<0.05) the unusual non-monotonous kinetic Fg,,(T)-curves behavior is
impossible (Figs. 4a,b& 5a,b, right side) even for the big D (or Dg) value.

In these cases (concerning NDE estimation): when the relation (D4, Dg) ~ D¢ is
maintained then the NDE effect disappears. The explanation for the loss of the NDE effect
is rather simple: due to the relation Dg ~D¢ the Xp c-concentration waves move not far
from each other (in other words for the two ;B,;C-waves their discrepancy don’t take
place).
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Therefore the three ,B,;C,;A-concentration waves interfere together almost syn-
chronously. In result the NDE effect is minimal for the Xg; ,-concentration wave displaced
with the absence of the Fp; ", and with the trend to the usual monotonic (increasing) be-
havior of the Fg; -curves.

In the results of the computerized MMT,IEx kinetics simulations Figures 4a,b,
(DB3~0.05, right), and Figures Sa,b, (DA3~0.05, right) confirm these rather clear and un-

derstandable conclusions.
T ' “Fir ;Q T o F“ :6\ T ]

T=Dytir? 19

T
L -
\ (3r0)
b

\ D=0.01

T = Dytirog? T = Dytiro,2
Fig. 5a,b. NDE effect; non-monotonic Fg (T)-curves behavior. Various D'~
values. The colored (){Tu.,0;FBrro ) in Fp,,.o(T)-curves (blue, dashed).
Dg=0.25; Dc=0.01 ; Do = 0.15(/eft); 0.1(middle); 0.05(right).

(a) r-bead, Tp= 0.24(1r), 0.31(2r1), 0.45(3r);

(b) ro-fiber, To= 0.66(1ro0), 0.92(2ro), 1.47(3ro).

6. Conclusions

The new generalized theoretical results of the MMT kinetics for the nonselective
IEx (S.6) r,ro-matrices are determined by the interference of the propagating multicompo-
nent X(;(distance; T-time)-concentration waves on the basis of the fundamental key wave,
W'-concept. The wave W -concept unites here the two subjects of the theoretical investi-
gations in the manuscript: (a) MMT, IEx kinetics (S.6 with 6.1 conclusions), and (b) Vi-
sualization of the MMT, IEx kinetics (S.,5; S.6.2 conclusions).

6.1. Nonselective MMT Kkinetics in the nonselective {D;}-diffusion
IEx matrices

By the computerized modeling there is demonstrated that the NDE effect between
the two invading ,B,;C-concentration waves takes place in the IEx r,ro-matrices. In the re-
sult of the computerized simulation of the ternary IEx kinetics process the NDE effect (i.e.
the displacer, slow Xc-concentration wave displaces the fast Xg-wave displaced, S.5.1)
leads to the ;B-accumulation which reaches the Fg™-maximum in the non-monotonous ki-
netic Fg-curve (after the specified Ty,-time).

Thus in the result the non-monotonous behavior of the kinetic Fg(T)-curve is condi-
tioned by the New Displacement Effect demonstrated and considered in Figs.3a(r),b(ro). In
S.5 it is proved obviously that the NDE effect during the X;-concentration waves interfe-
rence is the straight reason of the non-monotonous Fg(T)-curve behavior (including the
kinetic Fp™-value). The interference of the propagating X-concentration waves
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(i=1A,,B,3C) with the NDE effect is the theoretically substantiated reason for the nonstan-
dard, non-monotonous kinetic Fg-curve behavior.[3,7,8]

The NDE effect for the X, (T)-concentration waves (together with the non-
monotonous kinetic Fg(T)-curve behavior) is demonstrated visually in well understandable
manner by the original method of the theoretical presentation via the «coupled pictures» in
line and abreast: {/eft-X; waves | F;-curves,right}. The «coupled pictures» (X,|F;) synchro-
nized are arranged «in line &abreast» (as in Figs.3a(r),b(r0)). The corresponding non-
monotonous kinetic Fg(T)-curve with the unusual behavior in the course of time (T) takes
place in dependence of the {D;}-Diffusivities relations {Da~Dg>>D¢}(S.5.2).

6.2. Visualization of the waves (W*) with the results by the author’s
SCAnimations («SCA.avi» videofiles) method

The both variants of the NC&IEx MMT kinetics processes inside the NC([1-5])
&IEx ([3,7,8] including the S6.1 here) r,ro-matrices with the new theoretical results are
visualized and provided obviously by author via the contemporary method of the visualiza-
tion of the results of the computerized modeling, i.e. via the multi-colored computerized
SCAnimations: namely the «SCA4.avi» video-files.

The «SCA.aviy» video-files are assembled (by the author) sequentially via the sepa-
rate «frames» (arranged in course of T-time for the MMT process): «pictures» [1-5] or
«doubled pictures» (as in Figs. 3a(r),b(ro) for IEx [3,7.8]) in the usual «animation pattern.
The computerized SCAnimations scanning are executed via the «SCA.avi» multi-colored
video files. For the manuscript considered the computerized SCAnimations demonstrate
the propagation of the multi-component (i.e. «multi-colored») X,i)-concentration waves in
spatial coordinates (ro,r-distances) in the course of T-time during the MMT kinetics
processes inside the (bi-functional NC) &(nonselective 1Ex) r,ro,L-matrices (Figs.3a,b are
the frames-pictures for the corresponding SCAnimations).

Such multi-colored SCAnimation (SCA.avi) videofiles demonstrations of the MMT
processes during the oral computerized presentation (at the conferences in particular) are
well perceived and understandable by the sci. audience. The SCA method has been used
permanently for the implementation of the «SCA4.avi» into the various oral thematic pres-
entations by the author of the manuscript during a long-continued period of time (more
than 14 years) for the demonstration of the results of the presented theoretical studies (on
the basis of the fundamental key wave W'-concept) in the multicomponent kinetics & dy-
namics (chromatography) of the MMT systems.[1-5,17-19,32]

SCAnimations (as the prepared «SCA.avi» video files) have been used by author
with the permanent experience in the effective, easily, and visually perceptible presenta-
tions of the MMT kinetics (and dynamics) processes[1-5,7,8,17-19,32] in many Interna-
tional Conferences (including in particular the regular Conferences «IEX 2004, 2008,
2012»», Cambridge, UK[18,19,32]).

The interferences of the X,-concentration waves have been shown visually during
the MMT dynamics and kinetics by the pictorial presentations including the author’s multi-
colored SCAnimations («SCA.avi») for a number of the International Conferences [for ex-
ample 18,19,32].

The NDE effect with the interference of the Xg,Xc-concentration waves is shown
by the author’s SCAnimations including the «coupled pictures» (left) disposed «in line and
abreast» together with the kinetic Fg;o(T)-curve (right) demonstrating its unusual, and
non-monotonous behavior.[3,7,8] The origin, location, and visual presentations of the NDE
effect via the obvious coupled pictures (disposed «in line and abreast») have been demon-
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strated effectively especially via the author’s multi-colored SCAnimations («SCA.avi» vid-

eo files).

The visual demonstration of the bi-functional NC, MMT Kkinetics are prepared via
the («SCA.avi» video-files) as the results of the computerized mathematical modeling with
the propagating and calculated X;-concentration multi-colored profiles-waves obtained for
the successive time (TS) moments[1-5,7,8,18,19,32].

The same approach has been used for the non-selective ternary IEx kinetics with
using as the frames: «coupled pictures» (principal examples are in Figs. 3a(r),b(r0)) in the
author’s SCAnimations with the demonstration of the NDE effect[3.7.8].
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