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ABSTRACT

The kinetic modeling applied in the parametersnetion of chromatographic adsorption processes isnaortant
tool in the understanding and improvement of thesparation systems. In this work, two kinetic medekre
utilized in the parameters estimation of BSA adsom The correlations between the irreversiblekimmodel and
the reversible kinetic model with the experimerdata were carried out using the Linear Driving Eoand the
Random Restricted Window (R2W) method, respectiieipm both models was possible to achieve a gibadth
the experimental data, obtaining parameters wighdt accuracy due to the low residues of the costtion.
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| NTRODUCTION

The comprehension about the adsorption mechanisnan i
important step for the development and improvemeht
several adsorption processes involved with the tanbe
studied, such as: separation, purification, decomtation, and
others.

In this context, the agitated batch process of qdiem is an
important method used for the estimation of equiilim
parameters, which are applied in the processes lmgdaich

as chromatography and Simulated Moving Bed (SMBje T

hydrodynamic aspects of such processes becomeirbéick
modeling an interesting tool for the obtaining paeters that
will be incorporated in the equipment design.

The application of an inverse problem methodology
chromatographic systems is a new promising areee sihe
solution of the Inverse Problems has several
applications in the engineering fiefd Other results can bg
found in?”. In the work of Vasconcellost al * the inverse
problem formulation with the minimization of the usge
residues cost function was applied in the masssfean
parameters estimation of protein adsorption (Bov@eum
Albumin-BSA).
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The optimization method utilized is the same appbg’, the
Levenberg-Marquardt. The method in both applicatiovas
successful in determining the parameters of naogalin
equations.

Some contributions in the application of adsorptlinetic
models for the liquid phase can be encounteredugfirahe
following publications:¥*% An important contribution comes
from the work of Chas& which implemented semi-analytical
expressions to model the adsorption phenomena itated
tanks and chromatographic columns. He consideredittetic
concepts to model the adsorption process as a sibler
system with an overall rate of second-order. Ireaegal point
of view, the above publications, with exceptiontibé Chase
model®, use simplified or empiric expressions for theekio
models. The advantage of utilizing the conceptskioktic
theory to develop new models, is that the stoickimynand
order, related to the compounds in the adsorptigstem
considered, can be varied and analyzed indepegdérading
to a better understanding of the involved kinetics
phenomenology.

In this work two different kinetic models were aigpl in the
parameters estimation of BSA adsorption on Stresamli
DEAE. The first and second models are related,ecsly,
to irreversible and reversible kinetics mechanisrbsjng
utilized the inverse stochastic method (R2W) torelate the
last model with the experimental data.



DIRECT MODELING

Irreversible kinetic model (IKM2)
The agitated adsorption techniqgues to measure ikin
parameters are modeled with following expressiaonbfatch
process,

1 dN,
fy=—

VvV dt

1)

wherer, corresponds to the adsorption rate of compower
being proportional to the variation in the molesmier of
soluteA and the tank volumeé/f is assumed constant.

The adsorption stoichiometry considered is represeim Fig.
1. It is related to an irreversible kinetic meclsamiof the
adsorption, i.e., the desorption phenomenon icowsidered.

The kinetic mechanism of the adsorption in the Fig.
considers the adsorption of 1 (one) mol of sOAIBSA) in 1

(one) mol of active site into the adsorbest (The kinetic
modeling, in terms of consumption rate of the solut(ry) is

written in the following form:

(_rA) = klclAC'Ks 2)

where k;, C, and C,s represent the kinetic constant

adsorption, the concentration of sol#tan liquid phase and
the concentration of adsorption sites in the sqdichse,
respectively. For a first order elementary adsomtithe
exponentsl and m are equal to 1, which corresponds to
overall rate of second order.

With the considerations just described, the Eq. @y be
solved analytically through the Eq. (1), applyindpaance in
the moles number of active site of adsorption,

C =C+C,, 3)

in which C; corresponds to the maximum concentration
adsorption sites, i.e., the sum through the comatoh of
vacant sites@) and occupied sites by solute(C, ). Another
important balance is related to the concentratfcsotuteA. In
the balance of solut&, the initial concentration in the solutio
(Cao) corresponds to the sum of the initial solute emiation
in the solution C,) and the adsorbed solute concentration
the solid phasedy o),

CAO = CA + CA.S 4)

The combination of Egs. (1-4) leads to:

| L [kt 5)
Ci(a+C,)

nf

H

in which a = C; - Cx. Performing the integrations in Eq. (5)
using the following initial condition,

Ca=Cno

G=c, 6)

ett:0:<

results the final expression of the IKM2 kinetic model
(irreversible model) which is related to the cortcation of
soluteA, with C;, Cag andk; in the time domain.

aC,,

t
C,. =
" (a+Cy) G Cao

7)

Reversible kinetic model

The reversible kinetic mechanism can be observédgn2, in
which the parameterk; and k, correspond to the kinetic
constants of adsorption and desorption, respeytivel

From Fig. 2, the rate of consumption of the solde
represented bm, is determined by Eq. (8).

—Th = leACt - kz CA.s 8)

in which C,, C; andC, s represent the concentration of soléte
in the liquid phase, the concentration of activiégsssof the
adsorbent and the concentration of soldtadsorbed in the
solid phase, respectively.

LnThe active sites concentration is obtained from thass

balance in the adsorbent,

C =(q,-C,9

in which g, represents the maximum capacity of adsorption of
the soluteA (for each initial concentration) on adsorbent.

After such considerations, the reversible kinetmded studied
ofs derived from the rate of variation of BSA contration into
the agitated tank (batch system of adsorption),

ﬁ:
ot

9)

10)

KG(G-CI+KG,

5k G(4-GI-kG 1)
| N\VERSE MODELING

Random restricted window (R2W)

The R2W is a basic random algorithm of search fbl&ws
the flowchart of Fig. 3'®. The Fig. 4 shows a schematic
representation of the R2W algorithm.
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The objective of the algorithm is the optimizatiof the
following function Z (Eq. 12) from the determination of th

best solution of parameter;.

Z=1({, {5 {35-0)

Initially, there is a generation &random seeds related to th
parameters above as following the procedure below:

Zi =Zn_ +R(ZiH _Zn_)

12)

13)

e

e

seed there is the determination of a new rangeeafch
utilizing the same range of searéh.

The final step 5 is reached for the cases whictoisassumed a
new phase of searchy£0) or the number of phases is
achieved. For the cases which are assumed a nuofber
phases, the algorithm returns to the step 1 wi¢hrtinge of
search restricted, i.e., the same number of ransesds are
generated in the new restricted domain for eachthef
parameters. This procedure leads to a high coratentr of
estimations over a small range, in which the chaocebtain
the best solution is high.

in which {, {;, andR represents the lowest value of theRESULTS AND DISCUSSIONS

parameter, the highest value and the random numb
respectively. The procedure from Eq. (13) is repedor each
parameter in the functiofi of Eq. (12), that is, for each seg&d
there is the random estimation for each parametethe

functionZ. The random numbers are generated from a unif rrtr}{I

random distribution.

After the initial procedure of random estimative tfe
parameters (step 1 in the flowchart), we have #terchination
of the profile of functionZ. In this work the functiorZz was
represented by a reversible kinetic model (Eqsari11).

The step 2 in the flowchart corresponds to the @rimpn
between the simulation results from the reversikileetic
model and the experimental data. This comparissocaaried
out of the squared residues functi@n

14)

Q=g<cg@—qnf

with the termsCe,, Csim @andn corresponding to, respectively
the experimental concentration, the concentratimmf the
simulation and the number of points for the sameney
(number of experimental points in the range of jinhe step 2
we have a vector of residues from the number ofise
generated. For each seed we have a comparisondretive
model and the experimental data, having the detetioin of
the squared residu@.

The step 3 corresponds to the determination oséweelS that
leads to the lowest value of resid@e i.e., the solution thaf
provides the best fit between the experimental daid the
simulation results. The best solution of seéRibs utilized in
step 4.

In the step 4 there is a restriction of the seadund the
solutions of the parameters encountered for thd séth the
lowest residue. The search restriction is deterchibg the

D
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Irrever5|ble kinetic model (IKM2)

From Figs. 5 and 6 can be seen the good correlatbneen
e IKM2 model and the experimental data for twéfedént
initial concentrations of BSA.

In this case was applied the basic Linear DriviogcE®, due
to the simplicity of such model in the estimatidhomly one
parameter, the kinetic constant of the adsorptign (

Table 1 shows the maximum capacity of adsorptionefach
initial concentration ¢,) of BSA (total number of BSA
molecules adsorbed on the active sites of the bhdaty; the
kinetic constant of adsorptiork;J and the cost function of
square residueg)j. The maximum capacity of adsorption for
each initial concentration is easily obtained tlgtouthe
difference between the initial Cf) and equilibrium
concentrationQeg).

From the results shown can be observed that therani
increase in the value df, with the increase in the initial
concentration, being this behavior typical of thangmuir
isotherm. Also, there is an increase in the kinetiostant of
adsorption with the increase in the valueGaf. The value of
the cost function was higher for the case with high
concentration, indicating that in this case theeagrent with
the experimental data was less satisfactory withpared to
the other one.

Reversible kinetic model

In the reversible model two kinetic constants weseémated at
the same time, the kinetic constant of adsorptighdgnd the
kinetic constant of desorptionky}, utilizing the R2W to
provide the correlations with the experimental data

From Figs. 7 and 8 can be seen the excellent peafuce of
the reversible model for both initial concentrai@tudied.

f Table 2 presents the simulation results along thighvalues of
the cost function@). Compared to the IKM2 model, also the
high value of Q) comes from the high concentration case,
indicating a less satisfactory fit for this congatibn.

The values of the cost functio®), applying the R2W routine
into the reversible model, were a little smallearththose
obtained from the Linear Driving Force method aggblin the

ENKkM2 model (Table 1), indicating the potential dfet R2W
method in the estimation of multiple parameters.

factor range of searchy)( which establishes the domain ¢
search near the best solutions of parameters o{12). The
new range of search is determined by

=4 =0.8)  Gw=¢+a(d) 15)

in which Z; corresponds to the best solution of the paramet

encountered in the previous step. For each paranffetef the
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CONCLUSIONS

In this work, both kinetic models applied were efiee in the
correlation of adsorption data of Bovine Serum Aifliu
(BSA). The models provided excellent agreement vtita
experimental data for all concentrations studieindp possible
the estimation of kinetic constants with satisfagtaccuracy.
The application of the R2W method was very sattsfgc
because, this method estimated two kinetic parasmétgand
ko) at same time in the reversible kinetic modeldieg to

lower values of the cost functio®). The higher values of the

cost function for the cases of high concentratidnB&A

suggest in the future an statistical analysis efdRperimental
points, in which could be possible to reach valfesquivalent
to those obtained with the lower concentrations.isT|
procedure can lead to kinetic parameters with tigleeuracy,
providing reliable parameters for the project a
characterization of the equipments of separatidre Tise of
experimental data in a high range of concentraicobably
will affect positively the estimation of parametatge to the
possibility of deep statistical analysis of the esiments.
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Figure 2. Representation of the adsorption storoeiry (reversible mechanism).
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Figure 3. Flowchart of the R2W algorithm.
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Figure 4. Schematic representation of the R2W domsearch restriction.
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Figure 5. Correlation between the IKM2 model (re@) and the experimental data (points) of the BE8orption on Streamline DEAE.
WhereCyp = 2,628 mg/mL
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Figure 6. Correlation between the IKM2 model (re@) and the experimental data (points) of the BS8orption on Streamline DEAE.
WhereCpo = 2,287 mg/mL.

Table 1. Parameters estimated from the applicatiddM2 kinetic model.

Cao(mg/mL) | g (Mg/mL) | k; (mL/mg.min) Q
2,628 1,564 5,40¢10? 1,8%10*
2,287 1,304 4,80x10° 2,52107
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Figure 8. Correlation between the R2W routine (bine) and the experimental data (points) of théB8sorption on Streamline DEAE.
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Table 2. Parameters estimated from the applicati&®2W routine with reversible model.
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Figure 7. Correlation between the R2W routine (bine) and the experimental data (points) of théABSsorption on Streamline DEAE.

Cao(mg/mL) | gm(mg/mL) | ky (ML/mg.min) | k, (min™) Q
2,628 1,564 2,8%x102 1,0x10° | 1,6210"
2,287 1,304 2,43x10° 1,45¢10* | 2,48x107




