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Most Important Preliminary PROBLEM
In Modeling of |EX MULTI- Component DYNAMIC SYSTEMS

1. There are no ( practically ) MODELs for the real description

of the Multi- Component |EX EQUILIBRIA
la. Only one Model was known previously
for the MultiComponent | EX EQUILIBRIA :

Competitive Langmuir Model (CLM ),
where the binary separation coefficients Qg* — are ALWAYS CONSTANT
( Is not valid inreality for any Multi-Component SYSTEMS )

= Alternative (W.Hoell, Ju.Horst; Germany)
URFACE ~ OMPLEXATION  HEORY = _MODEL




ompetitive angmuir ' odel

. Constant hierarchy exists between species [N RIS Vi el - Tl O U
— permanent affinity sequence : B
. Fair, but competitive distribution -
the access of a species to the resource |,
~ concentration (C) & availability of sites
.« No monopoly, no trust» —
all species have access to all the available
resource : with no monopolization of them

. Equal Rates: for desorption ~ q/q, =
= for sorption ~ C,*[1 - SUM(qi/q,) ]
The Comprehensive Study of the Theory of Chromatography with

IS presented in the book :

F. Helfferich, G. Klein

* Multicomponent Chromatography. Theory of Interference ™
N.Y. M. Dekker, 1970




Multi - (N - Component) EQULIBRIA in Sorption DYNAMIC SYSTEMS
DEFINITIONS and CHARACTERISTICS

AFFINITY SEQUENCE ( The order of the decreasing adsorptivity )

Components : jA >,B> 3C>.. ;D >, F>.. > H form > Affinity Row > AR
1, 2, 3. i (+),.. N

Binary Separation Coefficients Qy,,' > 1

i —component inthe A R has larger affinity to the sorbent than the next component- (I+1)

<) > Qui>1
1. Competitive Langmuir Model (C L M, N -component system)

Basic PROPERTY (is not valid in reality ) :
Separation Coefficients Q;,,' are CONSTANTS

2. Alternative (W.Hoell, Ju.Horst; GERMANY )- URFACE = OMPLEXATION HEORY = MODEL

Separation Coefficients QBA - from species concentrations & pH - factor

EXAMPLES of AR are presented below for a number of PUROLITE (UK) RESINS:
C100E ; S940; S950;: D3343; D3342
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2. Surface Complexation Theory - ( SCT_Model POSTULATES )

Electric Potential Ditribution (down) : Ue ( Distance f,ce )

1. Electric Field is perpendicular E
—

% i : to the lonite Surface

- | 2. Surface Complexes - RA,R™, R (up)

i f}l i | (&) are formed with Various :

% Charge Densities - G; (down)
~® 3. lons A*, =%, + are localized (up)

onto Various STERN - Layers

5

4. Surface Complexes - RA, R, R
form Double Electric (STERN ) Layers (Up) :

A- -
(Electric. Capacities - C,, C. )

PrEoHz@EHA0T P
[
H

Distance

Concentrations of surface lons in STERN Layers and

theirs Concentrations in the Solution are connected
by the Boltzman-Poisson Distribution.



2.1 SCT - MODEL for weakly basic resins (Lewis Mechanism)
STERN Layers & Electric Potential Distribution

Sorption of Metal Salts: (M*X)
M2t ( Cu?*, Ni%*,... ) with Anions X
Lewis Mechanism

1. Electric Potential Distribution (down)
m - Charge Density for j-ions

2. Me,?*, Meg?* — Metal ions (up)
X, or X¥; - Anions of Metal Salts

3. lons: M,%, M;*, X (up)
are localized onto Various
STERN Layers

4. Cy(HM,) ; Co(MaMg) ; C5(Mg, X) -

Electric Capacities (down)
of Double Electric Layers




2.2, 3. SCT - Multi-Component Equilibria: BASIC RELATIONSHIPS

SCT-MODEL < ->  Surface Complexation Theory
Ju. Horst. W. Hoell (GERMANY) — Karlsruhe Reseach Center - 1990t

Charges on the Surface of the lonite form the Electric Field in perpendicular Direction
(Figs. previously );

Consideration of the Multi-Component SYSTEM in the frame of the SCT- MODEL
including Electric Field and the binary EQUILIBRIA : i/(i+1) leads to

basic SCT-Relationships for the Generalized Separation Coefficients Q; +1)i :

Log Qgivyy = Log Kiyp)' + Koy SUM " { V) (SCT)

Y, & X; - equivivalent fractions of the species S &i
in a resinphase (Y,) & inasolution phase (X).

Coupled BINARY CONSTANT SCT - PARAMETERS| SELECTIVITY ; | CONC. DEPENDENCE

M; i+1) }

CONSTANTS :  KgA- COMPLEX_FORMATION Constant ; My~ 1/C ap)

Experiment for binary |EX Equilibrium : A/B




3, 4. EXPERIMENT: BINARY | EX inaResin : A/
SCT- PARAMETERS -{ LgK # ; m, } = BINARY |EX

1. Electric Field + STERN Layers

2. Binary |EX: /B

Generalized Separation Coefficient - Qg = [Y . X527] / [Yg X 2027
Yi 7 Xi - components fractions ina resin (Y;) & ina solution (X;)

SCT_MODEL - BASIC Relationship for the binary ( * /B ) EQUILIBRIUM:

LgQg =LgKg +m g -{Yg} (SCT; )
EXPERIMENT: . / B

Coupled SCT_ PARAM ETERS : LgQ(AB)

to(z) = m(AB)

SCT_CONSTANTS: Kg' ;

Kg - Constant for complex /B ;




4.1 SCT-Model: SCT-PARAMETERS { Lg Kg" ; My g } (Experiment, FZK)

ll. lon Exchanger S-950 ( PUROLITE, UK);
DYNAMICS of | EX: A(H"or Na*) / ;Me?*/ -Me? /_E (Na*or H*)



5.1 Practical Important Properties for SCT_MODEL

= Determining role of pH - Factor is easily taken into consideration
In the frame of SCT- MODEL for I|EX EQUILIBRIA

e The sets of binary SCT- PARAMETERS :
{K(AB), my}: {K(BC),mg}; ..

IS used for the description of MultiComponent |EX EQUILIBRIA
A, B, C...

e SCT-MODEL presents adequately MultiComponent IEX Equilibria

 SCT-MODEL describes Competitive Langmuir MODEL (C L M)
EQUILIBRIA as partial cases: [all SCT_PARAMETERS: m;;=0].




5.2 SCT_MODEL < CONCLUSIONS :

= SCT-MODEL for Multi-Component IEX EQUILIBRIA -
Fundamental Basis for the Description of
Multicomponent IEX DYNAMICS
with the wide set of IEX RESINS

= Main Advantage of the SCT-MODEL -
Description of Multicomponent |[EX EQUILIBRIA

by using the set of experimantal binary SCT-PARAMETERS :
{KAL); mAL)}, {KEC),; m(5,C)}, ..

= SCT _MODEL is included succesfully into
the Multicomponent SYSTEM of
DYNAMIC Mass Balance Equations,
Including IEX onto

weakly & strongly dissociating RESINS




e SCT-MODEL describes phenomenologically MultiComponent
IEX for various classes of IEX RESINS, including :
- strongly dissociating resins,
- weakly dissociating resins,
- ampholytes,
- complex-forming resins,

- aluminium oxides,
- activated carbons.

= Possible various types of Chem. Reactions (M. A. Law) , are taken into
the consideration on the basis of the SCT_MODEL.

= SCT_MODEL for |EX EQUILIBRIA is included smoothly

into the Multicomponent DYNAMIC MASS BALANCE
EQUATIONS, describing I[EX DYNAMICS in Columns.
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60 SCT-MODEL (Equilibria) + MULTICOMPONENT DYNAMICS :
THEORY of FRONTAL & DISPLACEMENT - ELUTION CHROMATOGRAPHY

IEX: A(H" or Na*) /BMe2+/CI\/Ie2+ / _E (Nator HY
displacers lons in a column (initially)

= Elaboration of Computerized DYNAMIC MODELS
( SCT_MODEL + MULTICOMPONENT DYNAMICS )

= Computerized “Experiments” ( Calculations by a computer )

RESULTS :
Computerized
MULTICOMPONENT CONCENTRATION WAVES =
= MultiComponent Chromatograms for Mixture Components
In Columns



6.1 SCT Model - FRONTAL [EX CHROMATOGRAPHY
Multicomponent Concentration Waves in IEX Column

IEX Column, Weakly Basic RESIN: Purolite A109 (UK)
Displacement Effect for NI** ions

INFLUENCES of two (2) kinds of anions: An =S0,~ or CI
|[EX:  [Cu? [ Ni**[An" ; INPUT Concentration - C, A"

AR (Affinity Row) : >> Cu2t > Ni“" : Chromatograms Xi (L,t)
AnZ=S50,% ; C,=0.15mol/L An =Cl; C,=0.3 mol/L




ITE C -100E : strongly - Acidic, Polystyrene, (PUR
IMENT [ Karlsruhe, Research Center, Inst.Tech.Che
SCT - PARAMETERS { lgK;! ; m; j }



6.3 SCT-MODEL: SCT- PARAMETERS { Lg Kg”; M, g } ( EXPERIMENT, FZK)
lll. lon Exchanger S-940 (puroLiTe, UK) ;

IEX DYNAMICS: A (H orNa*) [ .Me2 [ .Me2* | _E (Na*or HY)
displacers lons in column (initially)



/. DISPLACER 4 / ELUTION g C | CHROMATOGRAPHY
EX: A* (=Na‘or H*) [(3Me™) [ (-Me?*) |_E* (= Na*or HY)
IONITES : (Iv) D-3343 ; (ll) S-950 : aminophosphonate groups, ( PUROLITE, UK)

Animation of IEX Column Process
D-3343 2> ,Ni>Ca - AR
Displacer — Na*
Elution of
Components (Me?") :

NiZ* [N Ca2*

Animation of IEX Column Process
S-950-> ,Ca>Ni - AR
Displacer -
Elution of
Components (Me?) :

H4Ca2+ [ |-|6|\|i2+



DISPLACEMENT / - ELUTION; - EFFECT
:Na* (Displacer) / ;Ni“* | -Me*" or (H*) /_Na®

D-3343 : aminophosphonate groups, (l) C-100E : strongly a
UK )

Animation ; Displacer — Na

D 3343 - Ni> Ca - AR
Na/ ,Ni** [ ;Ca?* | Na
NoNi {IgK=0.82 ; m,,; = 1.14 }
\a.Ca {lgk=1.74 ; m,., = 3.48 }

Animation ; Displacer — Na”
C100E > Ni>> H - AR
Na/ jNi**/H */ Na
VNI {lgk=0.13;m,=0.34 }
Na H* { IgK= 0.93 ; m,,;= 0.96 }




1.2 |EX: A"(HorNa-Displacer)/ ;Me<*/ -Me*"/_E*(H or Na)
CONCENTRATION WAVES - X(t): MOVEMENT along |_ EX COLUMN
SCT Model : { LgKg" ; m,g } - Displacer, Selectivity Dependence
lon Exchangers: S-950, S-940, D-3343, (PUROLITE, UK)
Input Concentrations - X;°=X.=05 -2 X,°=1.0

N6, H™ [ ,Cas* [ NIzt H* = ,Ca>g AR
S 950: displacer - H,Ca{281; 481 }
form of the column RN { ; }
N1, H™ [ Nizt/ ;Cas*/_ > ,Ni>cCa AR
S 940: displacer - H,NI {2.63; }
Na-form of the column h.Ca {3.37; 5.62}

N3y Na™/,Nizt/ Ca?*/_Na® 2> ,Ni>cCa AR
D 3343 : displacer - Na* N, Ni {0.82; }
Na-form of the column Na. Ca {1.74; 3.48}




7.3 DISPLACER & ELUTION SELECTIVITIES
CONCENTRATION WAVES - X(t) : MOVEMENT along | EX COLUMNS

SCT Model : { LgKg* ; mpg }; LEX: A*(Displacer)/ Me/ Me/_E*(Na*)
lon Exchangers: C100 E, S940,D 3343 (PUROLITE, UK)
Input  Concentrations - X;°=X.2=05 -> X,°=1.0

N50,,- Na*/ ,Cd? [ H*[_Na* =>» ,Cd>> H" AR
C 100E : Displacer - Na*  Na.Cd{0.33; 0.33 }
Na — Form of the column ~ N&.H*™ {093 096}

N1 H*/,Niz/Ca2 [ Nat = H,Ni>H:.Ca AR
S 940 : Displacer - H* H,Ni {2.63; }
Na — Form of the column HsCa{3.37; 5.62}

N3y, Nar/, N2/ Caz*/ _Na* = N,Ni>Na.Ca AR
D 3343 : Displacer - Na™  Na,Ni {0.82; }
Na — Form of the column Na-Ca {1.74; 348}




1.4 DISPLACEMENT, /ELUTIONg . /Preparative CHROMATOGRAPHY
LEX: Na* /,Co% /[ H"/_Na* ; INPUT Concentrations EFFECT- Cyt> Cy?

IIl. loNITE : € 100E - POLYSTERENE, Free Acidic, (PUROLITE, UK)

[.Co?* [ H[_ Co 1= 0.09 moliL

[,Co* [ H'I_ Co% = 0.05 moliL




7.5 DISPLACEMENT - Elution PREPARATIVE CHROMATOGRAPHY : H */ Me?* [ .Me?**|_H*

My - SCT_PARAMETER INFLUENCE : My, - modification
V. IONITE D-3342 - Aminophosphonate Groups, (PUROLITE, UK)

[1,.] Basic |EX: [Ca [,Co [_H
HCa {lgK."=3.47 ; m,,=269}
H.Co {IgK. =363 ; m,., =155}
[1,] IEX . /.Ca [,Co, [ H
.Ca _{ 3.47; 2.69 }
"6COm { 3.63; Mycon=0-Op }

[3,.] Basic IEX:  H/,Cd /,Ni /_H
H.Cd  {lgK'=299; m,. =105}
ANi {IgK"=33 ; m,, =238}

3] IEX : HI4Cd / Niy, /H
H3qu { 2.99 ; 1.05 }
Nip, { 33 5 Myim=9.0p }




1.6 DISPLACEMENT - Elution PREPARATIVE CHROMATOGRAPHY
INFLUENCES of DISPLACER (Na*, H*) & INITIAL FORM of IONITE

Il. ION EXCHANGER S-950 : IEX (H*or Na*)/;Me?/-Me?*/_Na* (or H)

[4] IEX: [,Zn | ,Cd/_Na
H.Zn { IgK, A= 2.3 ; m,,, =118 }
H.Cd { lgK =244 ; m,. = 1.88}

[4,] IEX: [,Zn[,Cd/_H
HZn 2.3 1.18}
H.Cd  { 2.44 1.88 }

[1] 1EX: Na/,Cd/Ni/_Na
N .Cd  { IgK 2= 0.49 ; my,,=0.06 }
" {IgK,Na= y Myani = }




1.7 DISPLACEMENT - ELUTION Preparative CHROMATOGRAPHY

SCT: K- SELECTIVITY & M-Parameter INFLUENCES : {IgK" ., ; Myc.o }
Il. IONITE S-950, IEX: H*/gCa%/-Ni#/[_H*

[6,,.] Basic [EX: H/,Calg [ H
H,Ca {IgK.H=281;m,., =481}
HNI {IgK,"=3.03 ; my, =3.31}

[6,.] IEX ,; H/,CalNiy,/H
HCa { 2.81; 4.81 }
HNI 3.03 ; myym=1.0.}
Myy; - modification

6,.] IEX o HI,Cay/Nig /_H

H4Cgk {lgKc. = 1.5 ; 481 }

H6N|m { 3.03 ;mH m— 6'Oml}
Kc.f'—modific. m,,,— modificationl




1.8 DISPLACEMENT - ELUTION PREPARATIVE CHROMATOGRAPHY
INFLUENCE of DISPLACER (A=H or Na ) & METAL IONS PAIR (B, C)

IIl. IONITE  S-950, LEX: H*(or Na*) / ;Cd?*/ -Me?*/_Na* (or H)

[1.] IEX: H/,Cd/Ni/_Na
H.Cd { IgK =244 ; mye, =
e {ng H= My =

[2,.] IEX: H/,Cd/,Ca/l_H
H3Cd{ ) }
H,Ca { IgK,'=2.81 ; m-,=4.81 }

[2\,-] IEX: Na/,Cd/,Cal/ _Na
NaBCd{ngCdNa: v Myaco = }

a

Na, Ca { IgKN2=0.86 ; My,cq =2.99 }




7.9 DISPLACEMENT - Elution PREPARATIVE CHROMATOGRAPHY
INFLUENCE of M,y SCT—PARAMETER - IEX : Natl ,Cd% (Ca¥_ Nat
.IONITE C 100E - strongly-acidic, Polystyrene,  ( PUROLITE, UK)

[7\.] Basic IEX: Na/,Cd/.Cal_
Na, Cd { IgKyVe=0.33 ; My,cq = 0.33 }
NaCa { IgK."2=0.46 ; my,, = 0.}

[7may,.] IEX_,,: Na/,Cd_,/:.Cal_

"2, Cdmy {lg K= 0.33; Myacgmy = 0.75m; }

NaCa 0.46; 0. }
m —modificationl

[7m2y, ] IEX_,,:Na/,Cd ,/:Cal_

¥24Cllip {19 K= 0.33; Myacamz = 15w }

NaeCa  {  0.46; 0. }
My,cq —Modification2




8. Theory of Nonlinear Preparative |EX CHROMATOGRAPHY

& SCT Model
CONCLUSIONS

SCT_Model describes ADEQUTELY MultiComponent | EX EQUILIBRIA in
PREPARATIVE Nonlinear IEX CHROMATOGRAPHY.

SCT has HIGH Degree of Freedom in Comparison with

SCT is MUCH CLOSER to the REALITY;

SCT is  Perspective in THEORY of MULTICOMPONENT CHROMATOGRAPHY .

ESTIMATIONS of SCT-PARAMETERS { Ki,,' 1 } INFLUENCE in
PREPARATIVE CHROMATOGRAPHIC SEPARATION for the set of the RESINS :
S-950, S-940, D3343, D3342, C 100E (PUROLITE, UK)

with EXPERIMENTAL DATA for the binary;,,' EQULIBRIA (Karlsruhe, FZK, GERMANY ).

SCT MODEL includes CONCENTR. DEPENDENCE of SEPARATION COEFFICIENTS
by the SCT-PARAMETERS :  {M, i1}

SCT- PARAMETERS;,; {K - affinity ; M, g — Concentration Dependence }
determine |component SELECTIVITY & CONCENTRATING DEGREE ;

SCT-PARAMETERS,,,' determine CONCENTRATION WAVES BEHAVIOUR.
SCT- PARAMETERS,+1' determine CARDINALLY the EFFECTIVENESS of
SEPARATIONS in IEX Columns.

INCREASE of the input concentration (C,) in columns leads
to the INTENSIFICATION of all Frontal - Displacement Effects
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Obtained RESULTS are presented :

= Review in Rusian Journal « Advances in Chemistry» : SCT _Model + Dynamics ( N3, 2004 )

= They are presented :
- All Russian Conferences, 1998 - 2008

( Moscow, S-Peterburg, Tula, Klyazma, Voronezh, Vladimir, etc.) ;

- Int. Conference : IEx — 2000, IEx- 2004, IEX2008 ( Cambridge, 2000, 2004, 2008 ) ;

- Seminars, Karlsruhe Research Center, ITC-WGT (Germany-1997, 2001) ;

- Lecture at Institute of Sci. & Technology ( Kwangzhu , South Korea ), March 2002 .

- IEx 03 (Japan, Kanazawa University, 2003) ;
- ICIE’ 07 (Japan, Chiba University, October, 2007)

- Four Lectures at fourv (4) Universities in Taiwan, October, 2007

= |ast International Conferences :

- «Phys. Chem. Mechanics» (Moscow, MSU, 2008, June), oral lecture

- |[Ex_2008 ( Cambridge , FitzWilliam College , 2008, July ), oral lecture .
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SCT _Mopaenb

[pakTnyeckn BaxHblie CBonctea () :

= Onpepenswwas pons pH - gpakmopa 8 U O copbuum
Nnerko y4yutbiBaetcs B pamkax SCT Modenu .

e Mapbl 6uHapHbIX SCT- [Tapamempoe - { LgKg"; Mg}
UCMONb3YKTCA ANA ONUCaHMA .
MHO20KOMNOHeHMHbIX WoHO-OBMeHHbIX paBHOBECUM
6e3 kakux-nubo usmeHeHul.

e SCT Modenb adekeamHo npeactaBnsaeTr
MHO20KOMNOoHeHmMHble UoHO-ObMeHHble paBHOBeCHS .

 SCT Modenb onucbiBaeT MHO20KOMNOHEHMHbIE
IleHrmiopoBckue nsotepmbl (KJTIM) kak 4yacTHbIM cnyyau

[ korna Bce SCT_napameTpbl: M;;=0].



- 3AKNMIOYEHUA no SCT- Mogenu -

= SCT _Modenb, MHorokomnoHeHTHbIx WU O PaBHOBecun -
dyHpameHTanbHaas OcHoBa B OnucaHuu PaBHOBecUM
B [luHamuke MHorokomnoHeHTHbIX etepodasHbix Cucrem
Ana wupokoro Habopa MoHo-OOMeHHbIX copOeHTOB.

= OcHosHOe [Ipeumywecmeo -
OnucaHne MHorokomnoHeHTHbIX PaBHOBecuM
Ha ocHoBe SCT Modenu
C UCNONb30BaHMEM JKCNePUMEHTanbHbIX buUHapHbIX

SCT_Mapamempos:  { LgKg"; My}

= SCT Modenr W O PaBHOBecui ycnewHa 8K/IOYEHa B
MHoro-komnoHeHTHyt0 Cucremy
OvuHamuyeckux YpaBHeHun banaHca Macc,
Hanpumep, npu WoHHOM ObmeHe
Kak Ha OObIYHbIX TaK U
Ha Cnabo-auccouumpyrowmx WoHutax.



Theory of nonlinear preparative | Ex CHROMATOGRAPHY
&

SCT Model

ocHoge SCT_Model MuorokomnoHeHTHbIX U O PaBHOBecuM ocylLecTBNEHO
KOMNbIOTEpHOE MOAenMpoBaHue NpenapaTMBHOrO NpoLlecca xpomaTtorpaduyeckoro
pasfeneHns Ha MOHOOOMEHHbIX KOMOHKaXx

poBeAeHbI OLIEHKN BAMAHMA pa3nnyHbix BenuuuH SCT-MapametpoB { Ki,' ; m. .., }
Ha 3hheKTUBHOCTb NpPenapaTMBHOrO XpomaTtorpadyMyeckoro pasgeneHuss B
BbITECHUTENbHO-3MKOTUBHOM pexume ana uenoro Habopa wuonutos ( Purolite, UK ) :
S-950, S-940, D3343, D3342, C 100E ¢ mcnonb3oBaHWEM 3KCMEepPUMEHTaNbHbIX
paHHbIX ( Kapncpya, KRC, Germany ) no paBHOBeCUI0 B OMHapHbIX 0bMeHax

SCT Moodenb yyumsbigaem 3aBUCMMOCTb K03¢hhULMEHTOB pa3aeneHus ot
KoHUeHTpauuu ( SCT-Mapamempbi { M, .., } ) , noamomy umeem 6onbwe cmeneHel
c80600k1 8 cpasHeHuu ¢ KITM u 2opa3do 6auxe K pealbHOCMU NPU NPUMEHEHUU 8
meopuu MHO20-KOMNOHEHMHOU UOHO-06MeHHOU XpoMamozpaguu.

SCT-napameTpb! : { K,,' -CpOACTBO ; M, ; — 3aBUCUMOCTb OT KOHLEHTpaLuu }
XapaKTepu3ylT CeNIeKTUBHOCTb KOMMOHEHTa B U onpeaensioT ABukeHUe
KOHLIEHTPALMOHHOW BOSIHbI U CTENEHb KOHLIEHTPUPOBAHUSA 3TOFO KOMMOHEHTA,
a Takke 3hpeKTMBHOCTL pa3aeneHnss B UOHO-OOMEHHOM KOSOHKe.



P N

MpakTuyecku Baxubie Ceouctea (Il):

e SCT Modenb onucbiBaeT (heHOMEHONOrMYECKM MHOFOKOMMOHEHTHbIN
WoHHbIN OOMeH AnA pa3nuyHbix knaccoB U.0. copbeHTOB, BKNIOYaA :
- CUNMbHOAUCCOLMMPYIOLLME WUOHUTDI,
- chaboguccoummpyrowne MOHUTBI,
- amonuThbl,
- KOMMMEeKco-0bpa3yoLmne CMonbl,
- MUHO3€eMBl,
- aKTUBMPOBAaHHbIE YINN.

» Pa3Hoobpa3Hble BO3MOXHbIE TUNbI XUMUYEeCKuUX peakuuu (3OM) , Takxe
BKIOYaOTCA B paccmoTpeHne Ha ocHoBe SCT Modenu.

= SCT Modenb PasHogeculi MOXET ObITb OpraHM4YHO BHeApeHa

B MHOrOKOMMOHEHTHY cuctemy YpaBHeHun banaHca Macc,
onucbiBawowy [uHamuyeckue Cuctembl MoHHoro ObmeHa.



ImecHUmesibHo - AnrmueHasa [IpenapamueHass XpoMamoe

Brinanue SCT - [NapameTtpa: My,
247 (aminophosphonate groups, Purolite, UK) H*/ ;Me /

[1,,] H/.Ca/l,Co/_H
4Ca-{IgK.H=3.47 ; m,.,=2.69 }
4COog { 1gK,"=3.63 ; M, =1.55}

[Im,. ] H/Cal,Co,/_H
(Ca; { 347 2.69)
HCOmG{ 3.63 ; mHCom:5'O }



mesnbHO - AmomueHasa [lpenapamueHass XpomMamozpa
+"(Na*)/ ;Me / -Me /_Na*

-950

H/,Zn /,Cd [ Na
.Zn, {IgK, A=2.3; m,,, =118}
LCd, { lgK41=2.44 ; m,-,=1.88 }

H/,Zn/,Cd/ H
4Zn, {lgKk,"=23;m,, =118}
4Cdy {lgK =244, m,.,=1.88}

Na / ;Cd / ¢Ni/ Na
naC Ol 19K 4"2=0.49; my,,=0.06}
naNig { 19K "8=1.08; my,,=1.49 }



MHoro KomnoHeHTHble KoHLUeHTpaLunoHHble BonHb!

B konoHke ( cmona Purolite C100E, UK ) - X (z,t) :

IEx: Na‘'/Meg/Me **/_Na SCT Mogenb
BXoAHble koHueHtpaumm - X=X ."=05 = X '=1.0



HO - AnromueHasa [lpenapamueHasa XpoMamozpagus

Me. /_Na'
-950

Cd, {lgK =244 ; m,, =1.88 }
4Nig {lgK,H=3.03 ; m,, =3.31}

H /Cy/Nig IH

LCdy {lgK4M=2.44 ; m,,=1.88}
(Ca; {lgK.'=2.81 ;m,,,=4.81}

NaClz {19Kcq"8=0.49 § Myycy = 0.06 )
naNlg  { 19K\ "=1.08 ; My, =149}



eNlbHO - AnmomueHasa [IpenapamueHasa Xpomamoz2pagus
[-Me/_Na* ; Na"/gMe/-Me/_Na
S-940

H /,Cd /;Ni/_Na
LCdy {IgKg"=1.65 ; My = 3.28}
qNig {IgK'=3.37 ; my,; =5.62}

H/,Cd /Ni/_H
4Cd; {IgK4"=1.65; m,,=3.28}
JNig  {1gK,1=3.37 ; m,,; =5.62}

Na /;Cd /gNi/_Na
4Cd, {IgK4H=1.65; m,.,=3.28}
uNig  {1gK'=2.03 ; my,; =191}



0 - dnomueHasa [IpenapamueHass Xpomamozpagus
Me. /_Na'
-950 (aminophosphonate groups, Purolite, UK )




-HHble Pesynbmambi WUccnedosaHusi npedcma-

= 00630p B xypHane « YCMNEXU XUMWUU » : SCT _Mopenb + [lunamuka
(N3 2004 )

" npeactaBnAnnCb paHee .

- BcePoccuickne koHdpepeHumm , 1998 - 2006

( MockBa, C-letepbypr, Tyna, Knsasbma, BopoHex wn ap.) ;
- Int. Conference : IEx — 2000, - 2004 ( Cambridge, Churchill Col., 2000, 2004 ) ;
- Seminars, Karlsruhe Research Center, ITC-WGT (Germany-1997, 2001) ;

- Lecture at Institute of Sci. & Technology ( Kwangzhu , South Korea),

March 2002 .
- IEx 03 (Japan, Kanazawa University, 2003 ) ;

= BknwoueHs! B [lporpambl npegcrosawmnx MexayHapoaHbix KoHdepeHLmm
- ®usuko - Xummnyeckaa MexaHuka (Mocksa, MI'Y, 2008, UtoHb)

- [Ex_2008 ( Cambridge , FitzWilliam College , 2008, July ).

» Otyetbl 0 pe3ynbTtatax (2001 - 2003 ) npeactaBnANUCH ((beBpanb 2003) B
Hemeukoe HayuHo - UccnepoBatenbckoe Ob6wectBo (DFG)

CNACUBO 3A BHUMAHME



[lonyyeHHble Pe3ynbmambi WUccnedoeaHusi npedcmaesieHsbl :

= 00630p B xypHane « YCMNEXW XUMWUU » : SCT _Mopensb + [iunamuka
(N3 2004 )

" MpeAcCTaBnANUCHL paHee :
- BcePoccumnckne koHdepeHumm , 1998 - 2005
( MockBa, C-letepbypr, Tyna, Knasbma, BopoHex ) ;
- Int. Conference : IEx — 2000, - 2004 ( Cambridge, Churchill Col., 2000, 2004 ) ;
- Seminars, Karlsruhe Research Center, ITC-WGT (Germany-1997, 2001) ;

- Lecture at Institute of Sci. & Technology ( Kwangzhu , South Korea),
March 2002 .
- IEx 03 (Japan, Kanazawa University , 2003 ) ;

= BknwouveH B [porpamsi npeactoswmx MexayHapoaHbiX KoHdepeHUuUu

|[Ex_2008 ( Cambridge , FitzZWilliam College , 2008, July ) .

»> Otyetbl 0 pesynbTtatax (2001 - 2003 ) npepctaBneH (deBpanb 2003) B
Hemeukoe HayuHo - UccnepoBatenbckoe OO6wectBo (DFG)



SURFACE COMPLEXATION THEORY - SCT_MODEL
for MULTI - IONIC EQUILIBRIA onto ION EXCHANGERS

&

THEORY of MULTICOMPONENT NONLINEAR PREPARATIVE
CHROMATOGRAPHY

A. Kalinichev
Inst. Phys. Chem. & ElectroChem. RAS (Moscow, RUSSIA)

W.H. Hoell I
Karlsruhe Res. Center, Inst. Techn. Chem., ITC-WGT (GERMANY)

Int. Conference ICC -2008, MSU, Moscow, RUSSIA
Phys. Chem. Mechanics &Colloid Chem., June 2008



menbHO - AnromueHasa [IpenapamueHass Xpomamo
IEx  H"&Na"/Me,/Me./_Nat
5-950 (aminophosphonate groups, Purolite, UK)

[1Ba pa3nuyHbIX UOHA-BbITecHuTENnsa . H* wunnm Na*

H/Ca,/Ni,/ H Na/Ca,/Ni;/_ Na



|. BbITECHUTENBHO - AntoTUBHas Xpomatorpaduss C  SCT _Mopenbto
SCT —lapametpsbl : {Ig Kg*; myg}

1. Na/Nig 13: m=0.34y/ Cayo 46 m=03/_Na

10. /Zn { 0.08 : m=0} /Ca {465 m=0p/_Na



I. CpaBHeHune xpomaTtorpaMm ANt ABYX WMOHO-OOMEHHbIX CUCTEM :

2.Na/Nis13. m=0343/Cd 1033 m=0.33/_Na

9.Na/Zn 08 m=0.3/Cd {0.33; m=0.333 /_Na



CpaBHeHMe xpomaTorpamm Anst MOHO-06MeHHoM cucteMbl 3 ¢ Ayms G,

/ { M= }/ CO {0.98 ; m=0.99} /_Na : CO:OO5mOI/L

/ { © m= }/ CO{O.98 : sz_gg}/_Na : CO:OO9mO|/L



V. CpaBHeHWe xpomaTtorpamm [Ans [ABYX MOHO-OOMeHHbIX cucteM : 3a,4

3a.Na/Nigy13. m=0343/ H'10.03: m=0.96)/_Na



\/. CpaBHeHve XxpomaTtorpamMm Anst ABYX WMOHO-OOMEHHbIX CUCTEM :

4.Nal Ca (46, m=0y/ CO (o.98; m=0.99y /_Na

5. Na/Cd (33 =022 /C0 (0.08; m=0.99)/_Na



V|. CpaBHeHMe XpomaTorpamm [Ans ABYX MOHO-OOMEHHbIX cuctem: 6, 6a

6.Na/Zn ¢0.08: m=0y / CU {0.10 ; m=0.333 /_N2



V. CpaBHeHME XxpomaTtorpamMMm Ons ABYX MOHO-OOMEHHbIX cucTem: 8, 8a

8./_NaCuypi0: m=033y/ Nig013: m=0343 /_Na

8a. /_Na Cu 510 ; m=033}/ Cd {0.33 ; m=0.333 /_N2



VIII. CpaBHeHWe xpomatorpamm Anst ABYX WOHO-OBMeHHbIX cuctem : 9, 10

10. Na/Zn ¢g08 - m=0y/ C@ 1046: m=0y / _Na






. SCT Mopgens wmim  Surface Complexation Theory .

= SCT_Modens MuorokomnoHeHTHbIX U O PaBHOBecun -
®dyHpameHTanbHaa OcHoBa B OnucaHuu
OnHamukn MHorokomnoHeHTHbIX [eTepodhasHbix Cucrem
Ansa wupokoro Habopa MoHO-OOMeHHbIX COpOEHTOB.

= OcHogHoe [lpeumywecmeo -
OnucaHne MHorokomMnoHeHTHbIX PaBHOBecuW Ha OCHOBe
SCT Modenu ¢ ncnonb30BaHUEM TONbKO BUHapHbIX

SCT_lMapamempos { KBA : mA,B },nonyquHblxe JKCnepuMeHTe

= SCT Modens U O PaBHOBecui ycnewHa 6K/HYEHa B
MHoOro-koMnoHeHTHy0 Cucrtemy
OuHamunyeckux YpasHeHun banaHca Macc,
BKntoYas, Hanpumep WoHHbIM OOMeH
Kak Ha OObIYHbLIX TaK W
Ha Cnaboguccouunpyrowmx WoHutax.



[loaxon TepmoauHamukn Heobpatumbix [lpoueccoB
Muoro KomnoHeHTHas [OuHamuka CopOuuu

«  YpaBHeHus banaHca Macc AN MHOFOKOMMNOHEHTHbIX
[eTepodpasHbix NoHO-OOMeHHbIX Cucrtem .

|. [ \3meHeHne maccbl B NPOM3BONILHOM ObObeme | =

I-KOMMOHEeHTa }

3 [loTok; = K. - grad { concentrations ; }

= Sum { MoOWHOCTb NCTOYHNKOB

. MHOrokoMnoHeHTHOEe paBHOBECUE
B retepoasHoN cucrteme



KoMmnbloTEPHOE MOAENMPOBAHME
MHorokomnoHeHTHOM 1 O [duHamuku

SCT _Model + YpaBHeHua 6anaHca macc —> KomnbroTepHble [porpammbi
KomnbloTepHble “OxcnepuMenthbl” ( UHC/IeHHBIE pacyeThl )

PE3YINbTAT :

KomnbloTepHble m_KomnoHeHTHble KoHUeHTpauuoHHble BonHbl,
pacnpocTpaHsowmecs B cpeae CopbeHrta

(MHoro KomnoHeHTHble XpomaTorpammbl )



SCT Model ans cnabo-oCHOBHbIX CMOn

Copbuusa coneit meTannos ( ):
Bsaumodeiicmeue kuciom [ocHosaHull LEWIS
(Cu, Ni, Zn, Cd, ...)

1. Copbuua cunbHOW KMCNOTLI H X |, :

S+ 2H*"+ nX?e=» SH X

n

2. CopOumsa conen MmeTannoB :

S+ M¥+nXze=>  SMX, M,2*,M.%* - WoHbl Metannos A,

3. CootHoweHua SCT_Mopgenu :
Lg Q,x = LI K, «+ m,Y(X)
L9 Qux = LG Kypx + my[Y(Mg) - Y(X) ] + myY(X)
Lo Q. x = Lg Ky + mY(H) + m,[Y(Vy)- Y(X)] + m;Y(X)

4. m =-B/C/(HM,); m,=+B/C,M,M.); my=-B/CiM,;, X)
C,(HM,) 5 C,(MyMg) ;5 Cy(Mg, X) - eMKOCTH ABOUHBIX 3NEKTP. Croes

B =2Fq,/(Lnl0 RTA,)

qmax

| @ | ©
5| @ a ,
sH ; :
| e ©
8 i : ;
@ :
SH | | @
8- ! .
S 1 @ :
- S
ST ; @
S-HT | :
S :
s ® ©

W

Wand - L

wMA— _______ /

. /
CTM,) | CoMaMe) | Coni(M,X)

Y= o
Gn Ona Gunis Ox



1. YcnoBus QneKTpoHeUTpanbHOCTH

Copbuua conen MetannoB ( Ve*An ):

B3aumodelicmeus LEWIS kucriom/ocHogaHull

KoHueHTpauum (X.) B noaBukHOi (hase KONMOHKM

Kan- = Kpe t Xg, + X

KoHueHtpauun (Y;) B ¢haze cmonbl KONOHKU

Yan- = Yae T Yg £ Y

2. CooTHoleHWe ans Koad-Ta pasgeneHus mowoB Ve = A, B

Lg Q" = LgKgh - mp g (Y tYay)




SCT Mogenb pAanfa cnabooCHOBHbLIX CMOJ

Copbumns conen MetannoB (\VeAn) :
LEWIS e3aumodelicmeue kucsiom | ocHogaHull

(Cu, Ni, Zn, Cd, ...)

CootHoweHne SCT Mopenu
0600weHHble KoadduumenTtbl PasgeneHusa komnoHeHToB (A, ) -

QA
Lg Qx"= Lg Ky -my[Y(My) + Y(H)] (P)

M,2*, M.?* — WNoHbl MeTannoB A,

Apdekt UHBEPCUU komnoHeHTOB (A, E) B COpOLMOHHOM psAAy :
A > - > A
QA>1 =2 QA<



MHoro KoMnoHeHTHble KOHLeHTpaunoHHble BormHb!
B cpeae copbeHTa (cmona Fuji PEI-CS-07, JAPAN ) - X (LY):

WoHHbIN O6MeH : INiZ/Cd?*_Anr SCT_Mopenb
MHeepcusi npu 3ameHe anuoHa (An): SO,~ -> CI

X’ =0.4 ;. Xcog’=0.8

AnZ = SO,2 An = Cl



MHoro KoMmnoHeHTHble KoHLeHTpaLMOHHble BOmHbI

B cpefe copbeHTa (Purolite A109) = X (L)
U3meHeHune 8bimecHUMENbHO20 3ghhekma

npu 3ameHe awmowa (An):. SO, > ClI, SCT Mopgenb

MoHHbIN OGMeH : [CuZINi%*_Anr

An>=S0,> ; C,=0.15monb/n  An =Cl ; C,=0.3monb/n



. SCT Mogens wnu  Surface Complexation Theory

= 0630pB x-ne «YCMNEXU XUMWUWN» 78 (4) 2004, C.383 :
B. Xennb & A Kanununues; SCT Mopenb + [MHaMuKa

0 Kalinitchev A.l., Hoell W.H.

“lon Exchange Technology for Today and Tomorrow”,
Proceedings of IEX 2004, (Ed.M. Cox),
(Soc. of Chem. Industry 2004) p. 349.

= AKanuunues, Céopruk « 100 net xpomatorpacuum » M. Hayka. 2003. C.337.

" MpeAcTaBnANUCHL paHee :
Bce Poccunckue koHdpepeHumm , 1998 - 2005
( Mocksa, C-Tetepbypr, Tyna, Knﬂsbma BopoHex )

International Conferences :
- lon Exchange - 2000 & 2004 & 2008( UK, Cambridge, Churchill College)
FitzWilliam College

- |[Ex 03 (Japan, Kanazawa University , 2003 )
- Seminars, Karlsruhe Research Center, ITC-WGT ( Germany - 1997, 2001 )
- Lecture at Institute of Sci. & Technology ( Kwangzhu , South Korea, 2002 )

> Otyvet o pesynbtatax (2001 - 2003 ) npepctaBneH (cespans 2003) B
Hemeukoe HayuHo - UccnepoBatennckoe O6uwectBo (DFG)



Review

W. Hoell
(KRC, Germany)

A. Kalinichev

(Inst. Phys.Chem.&
ElectroChem. RAS)

"Rus. Chem. Rev.”

73 (4) 2004
P. 370 - 403

Venexu xusmuu T3 (4) 2004
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Teopnﬂ oﬁpaaonamm NOBEPXHOCTHBLIX KOMILVIEKCOB H €€ IPHMCHCHHE
JAJIA OMHCAHUA MHOTOKOMIIOHEHTHBIX COpﬁl.IHOHHHX AHHAMHYECCKHX

CHCTEM

B.X.Xénnn, AV Kamunu4en

Hecaedosameavcruti yewmp Kapacpys, Hucmumym mexnuueckoi Xumuu

Boxe 3640, D-76021 Kapacpys, naowaos Ieavmzoavya, lepmarua, gaxc 49(724)782—- 2377
Hucmumym gusunecxoit xumuu Poccuiickoti akademuu Hayx

119991 Mocksa, Jlenunckuii npocn., 31, axc (095)952—5308

Hanowenst ocHOBSI TeopHn 06pasoBaHns NOBEPXHOCTHBIX KOMILIEKCOB, KOTODYIO aBTODH! HCMOMLIYIOT npH obpaboTxe
Pe3yNLTATOB HCCTIEJOBAHHHA PABHOBECHHA B PAITHYHLIX MHOTOKOMIIOHEHTHEIX HOHOOOMEHHEIX COPOIHOHHEIX CHCTEMAX.
OTMedeH0 IOCTOHHCTRO ITOR TEOPHE — HCNOIB30BAHHE COPOIHOHHEIX XaPAKTEPHCTHK GHHAPHLIX HOHOOGMEHHEIX CHCTEM
JUIA OMMHCAHNAS B PACYETA MHOTOKOMIIOHEHTHEIX papHOBecHi ¢ yseToM pH cpebl. PaccMoTper! pesynsTaTs pemennii paga
3afia¥ HeJHHEHHOH TeODHH NWHAMMKH COpPONMH, MONYYEHHRIE C HCHONBIOBAHMEM ONHCAHHS MHOrOKOMIIOHEHTHBIX
PaBHOBECHA COOTHOMEHHAMHA MOJENH 00pa3oBanus MOBEPXHOCTHBIX KOMIUICKCOB. ITpoBeieH CpaBHHTENbHbIN aHANHI
IKCMEPAMEHTANBHLIX IAHHLIX H PE3Y/bTATOB YHC/NEHHLIX PACYETOB, OMHCHLIBAFONUMX KOHIEHTPAIHOHHEIE PACTIpe/ie/IeHHs
KOMIOHEHTOB BO ()POHTANLHO-BEITCCHHTENEHEIX XPOMATOTPAMMAX [UIA Pa3s/HYHEIX HAGOPOB NAPAMETPOB MOZENH
06pa3oBaHn MOBEPXHOCTHRIX KOMILIEKCOB, BKITIOYAS BAPHAHTEI C YMETOM KOMILIEKCOO6pa30BaHNA B NOABHKEOM da3e,
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Teopua ObpasoBaHusa loBepxHOCTHLIX KomnnekcoB -
MHO20KOMNOHEHMHbIe UOHOObMEHHbIe pasHOBecUsl.

anMEHeHMe B AOWHAMWYECKOM
MacCColfnepeHoCeé B KOJIOHKAX

A. N. KanuHunyes

UHnctutyt cpus. xumum n anekrpoxmmum PAH (Mockea)
um. A. ®pymKkuHa
Ilab. npenapatuBHOM XpomaTorpacum

®




[lonyyeHHble Pe3ynbmambi WUccnedoeaHusi npedcmaesieHsbl :

0630p B xypHane « YCIMEXW XUMUU » : SCT Mopenb + IuHamuka
(N3 2004 )

" npeactTaBiANIUCH paHee .

- BcePoccumnckue koHdepeHumm , 1998 - 2002

( MockBa, C-letepbypr, Tyna, Knasbma, BopoHex ) ;
- Int. C)onference: IEx — 2000, - 2004 ( Cambridge, Churchill Col., 2000,
2004 ) ;

- Seminars, KarlspEhgoRessarsRdre e 46rmany-1997, 2001) ;

Lecture at Institute of Sci. & Technology ( Kwangzhu , South Korea),

March 2002 .
- |lEx 03 (Japan, Kanazawa University , 2003 ) ;

= BknwoyeH B [lporpamy npepcrosiwen MexayHapoaHou KoHdepeHLmu

IEx_2008 ( Cambridge , FitzZWilliam College , 2008, July ).

» OtyveTt o0 pesynbTtatax (2001 - 2003 ) npeactaBneH (despanb 2003) B
Hemeukoe HayuyHo - UccnepoBatensckoe OOwectBo ( DFG)



Teopua B OnucaHum HenuHenHow
Muoro KomnoHenTtHou OuHamukn Copbumu :

|. HenuHeliHble YpaBHeHus BanaHca Macc gns kaxgoro
| - KOMNOHEHTa B cpene CopGeHTa (C-ma Yp-Huit B YaCTH. NPOU3BOAHBIX)
oY1 [oT + oXit[6T + u oXiloZ =20

|l. KuHeTn4eckune Yp-Hus, onucbiBatoLmue
B cpepne CopbeHTa (C-ma Yp-Huit B 4aCTH. MPOM3BOAHBIX )

oYl [6T = Kin *(YI —YI _eq)
Ill. Mopenb m- komnonexTHOro PaBHoBecus (U3oTepmbl Copbumm) :
Y& (X) toecm - Y8 (X)=Y 4 (X, X,..o X)),

Y. & X KOHUEHTPauun i —T0 KOMMOHEHTa B CTaLMOHAPHON &
OBuKylencs gpasax rerepodasHon cpeabl COpOeHTa B KONOHKE

PaBHoBecue npepctaBneHo SCT - Mogenbto



Pacnpegenenune 9n. lMoteHynana- U B SCT_mopenu :
U ( PaccTosiHMe OT NOBEPXHOCTH )

i | | |
i | l KTpUyeckoe n
% : ; 1. anekTpu4yeckoe none
O T ® | 2. NOHHble Napbl BONU3K
A @ NOBEPXHOCTH
oo | & ( NOBEpXH. KOMMINEKCh! )
T e | I I '
%" | | & 3. NOHbI NOKaNU3yHTCS
~® | Ha cnosix LUTtepHa
l |
= o | 4. NOBEPXHOCTHbIE
P ] | | komnnekcbl RA , RB
- | .
E | | | obpa3yT ABOMHbIE
T e | 3NeKTpUYecKne cnom
o P : ( konpeHcaropbl — C (A,B))

a5

A GB =T =D Listance

=  KoHueHTpauuu NoBepXHOCTHbIX MOHOB B cnoe LUtepHa u
KOHLIEHTpaLuA 3TUX XKe UIOHOB B 0ObeMe pacTBOpa CBA3aHbl
Mexay cobon pacnpepeneHneMm bonbumaHa - llyaccoHa.



AN

OuHamuka Copobuum n Xpomatorpadua
OcHOBHbIe NoAxoAbl B TEOPUN

[loaxop TepMoANHAMMKKU HEPABHOBECHbLIX NPOLIECCOB
HenuHeuHasi cuctema ypaBHeHMM banaHca Macc

Teopusa ypaBHEHUW B YACTHbIX NPOM3BOAHbLIX
(runepbonMyeckut TMN) NPUBOAUT K OMUCAHUIO
803HUKaroWux U dswxyuwuxcs B retepoda3Houn cpepe
MHO20KOMNOHEHMHbIX KOHLEHTPAaLMUOHHbIX BOJH

UHTepdepeHuma aTux BONMH npu uX obpasoeaHuu,
CMOJIKHOBEHUU U e83aumModelicmeuu B XO4e ANHAMMKM
copOuMM aHanoruyHa npoueccaMm B MexaHUKe
XuodKkocmu, 2a3080U duHamuke U Oaxe npoyeccam 6
mpaHCcNOPMHbIX NOMOKax.



YV V.V

[lpoueccbl PunbLTPOBAHUA
OCHOBHbI€ XapaKTePUCTUKM .

[eTepocha3HOCTb
MHOrOKOMNOHEHTHOCTb
HenuHenHocTb

KOHKYPE@HTHOCTb KOMMOHEHTOB
(aghgpexmbl uHmepgepeHyuu
Kak e pasHosecuu
maKk W B AUHaMWUKE KOHLIEHTPALMOHHbIX BOJIH)



Teopua OuHamukn Copbumm n Xpomartorpaduu
®dyHaameHTanbHble KoHuenuwuwu

CopbyuoHHoOe 83aumodelicmeue KOMNOHEHMOo8
(pa3nuyHble eudbl UHMepghepeHyUUu sewecms ) ;

Ckopocmb seujecmea (KOMNOHeHma) U
KOHUEeHmpayuoHHasi ckopocmab (0511 06pa3yroujuxcsi 80JIH)
(COOTHOLIEHNE MeXAY CKOPOCTAMM KaK B MeXaHWUKe XUAKOCTEN) ;

,qUHaMU‘-IeCKaﬂ cmayuoHapHOCMb U pPpa3MbieaéMOCMb -

noBeAeHne ABNXKYLUXCA MHOFOKOMMOHEHTHbIX KOHLIEHTPALMUOHHbIX BOJIH
pasnunyHbIX npodunen (rmnepboOnNNYeCKUN TUM) B 3aBUCUMOCTH OT

TUNOB MHOFOKOMMNOHEHTHOIo paBHOBECUA ,

KozepeHmHocmb (F. Helfferich 1970,1989) -

chHaanoe ANHaMn4yeckKkoe COCTosiHMe CuctemMmbl, NPU KOTOPOM BCE KOHLIEHTPALUU
KOMMOHEHTOB B MHOFOKOMMNOHEHTHOW KOHLI,eHTpaLIVIOHHOﬁ BOJIHE ABUXYTCA

CUHXPOHHO.



SCT Mopenb pans cnabo 0CHOBHbIX CMO
STERN Layers & Pacnpegenenve 9n. [loTteHuuana

1

+ 1
1

1

1

1

Adsorption of Heavy Metal Salts
due to Lewis Interaction

[l
=

1
iz

1. El_Potential Distribution (Length)
O j - charge density of j-ion

‘. on
_;[+ . '

1
oellay

2. Me,?*, Meg?* — metal ions
X or X¥ - anions of metal salt

mpmnnnnnnnnnnnewym
1

v | | 3. lons: M,?*, Mg?, X are located
T on a different STERN layers

4. Ci(HMp); Co(My,Mg); C4(Mg, X) -

Capacitances
for double electric layers




Moctynatel SCT Modenu (SCT PaBHoBecue ans cmecwu )

MoBepXHOCTHbIE 3apsiAbl 00pa3yloT aneKTpuyeckoe none
nepneHaUKynspHoe NNOCKOW MOBEPXHOCTM MOHUTA ;

B3aumopencTema BeayT K 00pa3oBaHMIO MOHHbLIX nap BONM3N
MOBEPXHOCTU, KOTOPbIE paCCMaTPMBAKOTCA KaK NOBEPXHOCTHbIE
komnnekcbl. Jltobon N O ecTb 3ameHa ogHOro KOMNeKca
LPYTUM — HOBbIM ;

Kaxabii COPT NPOTUBOMOHOB NOKaNuU3yeTca Ha WHAMBUAYaANbHOM
cnoe (lUrtepHa) B6NIM3M NOBEPXHOCTH B 3aBUCUMOCTU OT CPOACTBA
K COpOEHTY ;

[oBepxHoCTHbIE KomnneKkebl RA , RB ,... pacnonaratwTcsa cnosamu WtepHa
PaBHOMEPHO C onpeaenieHHoON NOTHOCTLIO 3apsaaa, 00opa3ys ABOWUHLIE
aneKkTpuyeckue cnou (KOHAeHcaTophbl) |

KoHueHTpauumM noBepXHOCTHbIX cnoeB B cnoe LLTepHa 1 KOHLEHTPaLUa 3TUX XKe
MOHOB B 0Obeme pacTBOpa CBA3aHbl MeXay cobou pacnpeaeneHvem
bonbuMaHa — [yaccoHa.
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OuHamuka Copbunm n Xpomatorpacus
OCHOBHbI€ XapaKTePUCTUKM .

[eTepodha3HOCTb
MHOrOKOMMNOHEHTHOCTb
HennHenHoCTb

( 6onbLUMe KOHLIEHTPaLUn copoupyrolmMxca KOMMNOHEHTOB
n bonbline 3anosfiHeHus )

KOHKYPEeHTHOCTb KOMMOHEHTOB
(cTaTuyeckune u KuHeTMYeckue adhpekTbl UHMepgepeHyuu)
CopbunoHHOe B3aumoaencTBve KOMMNOHEHTOB

UHTepdepeHuunna (duHamuyeckas)

803HUKarwux u deu»(yuquxcn C Pa3HbIMU CKOpPpoCMAMU
KOHUEHTPAUNOHHbLIX BOJIH I[11 - KOMINOHEHTOB



Teopetnyeckun [loaxopq B OnucaHum HenuHenHbIX

MHorokoMmnoHeHTHbIX [lpouecco [OuHamukn WU O

|. Cuctema HenuHeiHbix YpaBHeHun BanaHca Macc
ona kaxporo MoHa-KomnoHeHta B U O KonoHke.

II. Cucrtema KuHetuyeckux YpaBHEHMI, OMMUCbIBAIOLMX
HepaBHoBecHble CBonctBa CopbeHTOB - UOHMTOB.

I1l. Mopens, onuckiBarowas MHOroOKOMNOHEHTHbIE
U O PaBHoBecuss : SCT_modenb

Surface Complexation Theory
Teopusi ObpasosaHusi [losepxHocmHbIx Komnnekcos.



AnbTepHaTtnBHag Mopenb PaBHoBecut : SCT  mogenb

Surface Complexation Theory
[ Ju. Horst, W. Hoell (Germany) - Karlsruhe Res. Center 1990t ]

B. Copbumua N npotuBomoHoB (A*,B*,C") BegeT K 0bpa3oBaHuIO
N - ABOMHbIX 3NIEKTPUYECKUX CMOEB

[ cnou LlimepHa (Stern) | (Puc. Huxe ) :

O6pasytorca N-1 kongencatopos ¢ emkoctamu C (1 | ) mexay aByms
COCeAHUMM COSIMU MPOTUBONOHOB

C. PaccmoTpeHue OMHapHbLIX paBHOBECUN I/j B MHorokomoHeHTHOM Cucteme
BedeT K 0606w eHHbIM K03ghuyueHmam pasoeneHus Q jl ;

Q' = [Y/IY,]-[ (X241 (X2 ]; z—3apagel (I}
Lg Q.8 = Lg K(A,B) - k- m(A,B)-SUM {Y,} (1)
K(A,B) - complex_form. constant ; m(A,B)~ 1/ C A,B

Y.& X, - akBUBaneHTHble thpakumuu BewecTB S & i B haszax cmonbl
W pacTBopa.



KoukypenmHasi JleHamropoeckass Modenb

MHozokomnoHeHmubix U O PaeHosecul :

KoadhdbuumneHTbl pasgeneHnsi KOMMNOHEHTOB NOCMOSIHHbI
— YCNoBUA He cobnwogarwwmnecs B peanbHOCTH

Ha OCHOBe CROXHbIX MaTeEMaTUYECKMX Npeobpa3oBaHNm
(MHBapunaHTel PumaHa) ans
Cucrembl HennHenHbIx YpaBHeHun banaHca Macc
(B cnyyae WpeanbHou Mopgenwm Mpouecca) pa3paboTaHa :
« Teopuq, onucbiBatowana OuHamu4yeckoe [loBeaeHue
MHorokomnoHeHTHbIX U O Cucrem.



AkcnepumenTanbHble  SCT-Mapametpbl { Lg Kg* ; My; ]

WOHHBIE OBMEHbI (IEX) B kKonoHke : | Meg / Me. /_ Na*

|. Purolite C 100E (UK), cCation Exchanger
(Strong Acid Polystyrene (a® - Form), Gel. Type, Vol. Capacity 1.9-2 eq/l )

C 100 |Co* Ni#* |Cu??

lgK (Na/Me) | 0.98 0.13 {0.10

m(\a/Me) | 0.99 0.34 |0.33




SCT_Mopens wunn  Surface Complexation Theory
[ Ju. Horst, W. Hoell (Germany) — Karlsruhe Res. Center 1990%" ]

A. dnektpu4yeckoe none + Cnou LUTepHa

B. BuHapHbin O6meH A /B
0606w eHHbIU KO3(hpuyueHm pa3desieHusi -

QBA — [YA X 2/z ] [ [YB XAZ/Z_" A

SCT_Mopens - OcHoBHoe CoorTt /
LgK(AB) G g(c) =mAB

BunapHoro (A / B ) PaBHoBecus

0 A



SCT Mogens wnmn  Surface Complexation Theory
orst, W. Hoell (Germany) — Karlsruhe Res. Center 1

. Purolite C 100E (UK), Cation Exchanger
(Strong Acid Polystyrene (Na® - Form), Gel. Type, Vol. Capacity 1.9-2 eq/l )

C 100E Co% |H" |Ca” Ni2t |Cu?t|Zn?t|Na'
IgK{ (Na/Me) | 0.98  [0.93 |0.46 0.13 |0.10 |0.08

m(Na/Me) | 0.99 096 | 0.0 034 [0.33 | 0.0




Teopua B OnucaHum HenuHenHow
MHoro KomnoHeHTHOM [OuHamukn Copbuum :

|. HenunenHble YpaBHeHus Bananca Macc ans kawzioro
I-komnoHeHTa B cpeae CopbeHTa (Cuctema Yp-Huit B 4aCTHbIX MPOU3BOAHbIX)

OY, 10T +0X 10T + U *0X 16 Z =0 (1)
||. KuneTnyeckue YpaBHeHusi, onucbiBaKoLme B
cpene Copb6eHTa (Cnctema Yp-Huid B YaCTHbIX NPOU3BOLHLIX )
SY ST = Kin*[Y.-Yea(X)] : i=1,2..m (I
Ill. Mopenb m- komnoneHTHoro PaBHoBecusa (M3oTepmbl Copbumm) :
YEUX) e - V)Y Xy X))

Y; & X; - KoHUeHTpauumn i —ro KomnoHeHTta B CTauuoHapHOU &
MogsuxHon ¢hasax etepodazHon cpeabl CopbeHTa B KONOHKE

PaBHoBecue npepcrasneHo SCT - Mogenbio



CHUmesnibHO - AnomueHasa [lpenapamueHasa Xpomamo
H"/Meg / Me. /_Na'
UoHUT S-950 (aminophosphonate groups, Purolite,




3AKIIOYEHUS (1)

= [lnHamuka cop6umm conei (Me*An’) Metannos (Cu?*, Ni**, Zn?* ,Cal2+)

BbiTeCHUTENBHLIN ekt ~ BennuuHe KoHuentpauum Kucnot C A"
~ KOHLIEHTPaLMM1 MOHOB - H™

~ npupoge aHmoHa - AN
Ona neyxsapagubix ANn=S0,” 3TOT 3JIPEKT ropasgo Bhille, Yem
ona ogHosapagHbix An = Cl .

= Cucrtema xuM. peakumm komnnekcooodbpasoBaHus (3[AM) BknroyeHa
B KOMNbLITEPHOE ONUcaHue
JuHaMUKu MHO20KOMnNoHeHmHbix U O cucmem
Cc ucnonb3oBaHuem SCT - paBHOBeCUU



oaxoa TepmopguHamuku Heobpatumbix [lpouecco
Muoro KomnoHeHTHas [OuHamuka CopOuuu

< YpaBHeHus banaHca Macc AN MHOFOKOMMNOHEHTHbIX
[eTepocpasHbix MoHO-OOMeHHbIX Cucrtem .

|. [ \3meHeHne maccbl B NPOM3BONILHOM ObObeme | =

I-KOMMOHEeHTa }

2 [loTok; = K, - grad { concentrations ; }

= Sum { MOWHOCTL NCTOYHMNKOB

. MHOrokomMnoHeHTHOe paBHOBECUE
B retepoasHol cucteme



lNoaxon HepaBHoBecHon TepMoAUHaAMMKK
Muoro KomnoHenTHas [OuHamuka CopOuum

YpaBHeHusa MatepuanbHoro banaHca ans
MHorokomnoHeHTHbIX [eTtepo-hasHbix UO Cucrem :

X

—_— —

[W3meHeHue Macchl B obbeme] ; = TMoTok; ;,

- MoTok; "

Motok, = U,C; - D¢y« gradient {C, }

C. - KoHueHTpauus |- komMnoHeHma
Dot - Sdbdbektuhbiin AudddpysnonHbin KoaddouumeHt
CKoOpoCTb NOTOKA B HanMpaBneHun X



Pesynbomambl e [uHamuke Copbuyuu
¢ npumeHeHuem SCT- Mopenu Ony6bnukoeaHsbl :

SCT Model + MuorokomnoHeHTHaa W.O. [OuHamuka
( MHOrokomnoHeHTHaa Xpomatorpacus )

0630p (Review) :

B. Xennb & A. KanuHuuyen

« Yoenexu Xumum » 73 (4) 2004, P. 383-403

Russian Chem. Reviews (English) 73 (4) 2004, p.351



S C T

Surface Complexation Theory —SSCCTT_ModeI

&
_I'HEORY of MULTICOMPONENT CHROMATOGRAPHY -

Fo



I KoHkypeHTHaa JleHrmioposckasd Mogens (KJ1M) : I

1. MocmosiHHas nepapxus BeLLecTB — PAA CPOACTBA HeusMeHeH. A > B |
2. KoHKkypeHmHoe pacnpegeneHue — Hanumyme COPOLIMOHHbIX MECT ,

UX AOCTUXKUMOCTb ANAd KOMMNOHEHTOB — KOHLUEeHTPaunu Ci :

3. «Hu moHononuu, HuU oco6020 dogepusi» — BCe KOMMOHEHTbI
UMEIOT AOCTYN K MMEHLMUMCH COPOLMOHHBbIM MECTaM ;
4. PaBHble CKOpOCTH :

aecopbuuu ~ gi/q, = apcopbuun ~ C, * [1 - SUM(qi/q,) |

Teopuss Xpomamoepaguu ana KIIM npeactaBneHa B «xopowo
useecmdou» (cpeaun TEOPETUKOB - XpOMaTorpachmcToB ) KHUre :

F. Helfferich, G. Klein
“Multicomponent Chromatography. Theory of Interference.”
N.Y. M. Dekker, 1970.



Electroneutrality Conditions

Sorption of Heavy Metals Salts:
LEWIS acid/ base interaction

Concentrations (X)) in the moving phase in a Column

Kan- = Kpe + X, + X

Concentrations (Y;) in the resin phase in a Column
Yan. = Y + Yp £ Y



SCT Mopgenb wnu  Surface Complexation Theory

Bvimecnumenwvno - Inrwomusnas Xpomamozpaghusn
{(Y) (Xa) I(X,) (Yg) } > SCT —-Model - GUHapHbIii K03d-T pasaenenus - (K P) i
1. Bunapuwiii o6men - BbITeCHUTENL (A)/Meg: A/B

(KP) " = (zg/zp?)-Co-Xa-Kgh -exp{ Mg-Yg} (1)
a) Bobitechutens - A (z,=1, H" or Na™)
b) BbITecHsemblii Metaja - I\/IeB (zg=2, CU2+’ Zn2+, )

2. BUHAPHBI 0GMeH METAJLIOB - MeB / Mec -B/C:
(KP)® = Kg®-exp{ mgc-Yc} (11)

Xpomamozpaguuecku Pa3zpnensiembie Meranabl - Meg/Me. (CU2+’ Zﬂ2+’ L)
ObbeduHeHHble napbl 6uHapHbix SCT [MapameTpos :
A . B.
AB{ LgKg*; myg }, BiC{ LOK:®: Mg }

K" - koHcTanTa anst komnnekcos RA, RB ;I ag =~ 1 CA,B



= lon_Ex Dynamics in column for heavy Metal (Cu?*, Ni2*, Zn2*, Cd?")
Salts onto weakly basic resins :

Displacement Effect ~ input acid concentration C,"A"
~ concentrations of H* ions

~ kind of anions - An-
For 2-charged anions An'=S0,% this effect is much stronger, than
for 1-charged anions An"=CI- .

= System of relationships for SCT_Model + Chem. Reactions
is Included into the computerized description of
Multicomponent lon_Ex. Dynamics

= Chemical Complex Formation Reactions leads to
the EFFECTIVE REGENERATION STAGE






. Computer Modeling :

INTRODUCING Of Multicomponent SCT _MODEL into

Nonlinear Dynamic Mass Balance Equations
with obtaining of the computerized solutions :

= Elaboration of computerized Models ( scT Mogens + QuHamuka )

= Computerized “Experiments”
(Calculations by a computer)

RESULTS :
Computerized Multi-Component
Concentration Waves of the mixed Component
In Columns ( Multicomponent Chromatograms )



