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Abstract. The influence of molecular types in the understanding of the phenomena of adsorption in surfaces is
fundamental in the development of materials of high performance, which are used in a number of processes of great
industrial relevance. The modeling of surfaces by means of network models has great potential because it may allow
the analysis of the main phenomena of interest at the microscopic level, incorporating a series of statistical parameters
important in understanding the surface interaction mechanisms. In this work two-dimensional sguare networks were
used with the purpose to study the isotherms of adsorption at batch processes. In the mass transfer simulations were
considered different types of molecules, being observed the behavior of the Freundlich adsorption isotherm in
accordance with the type of molecule adsorbed. With this approach the isotherms parameters are obtained, being
observed a strong dependence with the size of the molecule, since the selectivity for the adsorption increased with the
molecular size.
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1. INTRODUCTION

The interest of the pharmaceutical industry and chemistry fine in the development of technologies of
chromatographic separation, as the technique in simulated movin{Sl&) its has been growing during the last
decade (Juza et al., 2000, Nicoud, 1998, e Francotte et. al., 1988). Recently, new chromatographic processes, with
separation multicomponents and gradient applications, they have been appearing. The application of techniques of
chromatographic separation has been making possible the development of continuous processes that take to high
productivities with low solvent consumption if compared to the conventional agitated batch processes. These techniques
are of great interest in the division of molecular systems with enantioselectivity, that are of difficult separation.

The chromatographic, for being a separation method, usually, its considers mixtures of diluted compositions
(Guiochon et al., 1994). In many cases, the own movable phase is not formed by a single pure solvent, but a mixture of
compositions that if absolve differently with the stationary phase. The equilibrium concentration of a certain substance
in the middle, besides depending on its concentration in the movable phase, it also depends on the concentration of the
other present substances. In high concentrations, the molecules of several components of the movable phase and of the
feeding they compete for the adsorption in the stationary phase, presenting a capacity limits. In the chromatographic
solid-liquid, the competition is originating from the finite capacity of adsorption of the surface of the adsorventes.

Several approaches in the modeling of chromatographic systems can be considered starting from experimental data
of equilibrium. The simplest case is related to the condition of constant selectivity's, in that classic thermodynamic
models are used, as the very known equation multicomponents of Lagmuir. Being like this, in many works in that the
capacities of saturation of the compositions are not identical, it is observed correlations no satisfactory with isotherms
of adsorption that don't consider that condition type.

The use of tools of modeling computational in the description of biotechnological processes, as the
chromatographic, it is a concrete step in the development of more efficient separation systems than they can take to
more favorable economical conditions. Application of methods of microscopic modeling, as the methods Monte-Carlos,
it is a promising possibility in the understanding of the separation mechanisms at molecular level. With that, new
concepts regarding the separation mechanisms can be established, what would be a contribution for the implementation
and better acting of the separation systems.

The modeled problem consists of a tank containing a liquid phase, a fluid and a surface adsorvente in its bottom.
That tank is agitated and left sufficiently in rest a time big, in other words, the process of adsorption reaches a balance,
and molecules adsorbed for the solid phase percolaction are been able to in the bottom of the tank.

The modelling of the percolaction threshold was accomplished applying a model of net two-dimensional square
(100 X 100), representing the surface adsorvent in the solid phase with molecules adsorbed. Each molecule adsorbed
corresponds to a busy ranch that can percolaction the whole system, leaving an end to another of the lattice forming the
cluster.



2. STRUCTURAL MODELING AND PHENOMENOLOGICAL

Through an stochastic approach, the phenomenasofatibn were simulated with the help of a genagatoutine
of uniform random numbers. Like this to each stafggme — discreet variable, a random num@®rit is generated and
compared with a probability of adsorpti{fygs). Such probability is determined by the Eq. (1)vehdoelow.
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whereC;; andCj, they represent the concentration of moleculesénliguid phase in the instanandt=0, respectively.
It is known that int=0, C; = C,,. The adsorbed molecules are reduced of the lighiase, doing with that the
concentration is increased in the adsorbent p{w@sé herefore, at each timPys it is updated, so that each molecule
that if adsorbed contributes to the decrease sftobability of adsorption.

With that so that a molecule of the liquid phasadborbed in the surface, it is necessary thahahrhoment, a
certain site is empty and théR) be smaller tharP,4. In the beginning of the simulation, the surfaees lall their
available sites for adsorption, so that in agreemeth the Eq. (1),Pygs=1. What determines the adsorption of a
molecule on that moment. The site in that the madéewill leave adsorbed or not, it is random choseith the help
once again of the routine of random numbers. Tige @) it shows the dynamics of adsorption betwienmolecules
of the liquid phase and the surface of the bottbthetank.

Figure 1 — Representation of the agitated tank in thastivéace of adsorption
it is represented by a square two-dimensional nétwo

Interaction between the adsorbed molecules andepses of superficial diffusion is inconsiderat¢his model.

As it is a stochastic simulation needs to accorh@everal simulations and to calculate the aritimaaterage of the
concentrations in the adsorbents ph@gg. In the measure in that the number of simulati@meis to the infinite, the
results tend to a smaller dispersion in relatiothtoReal.

3. SYSTEMIZATION OF THE SIMULATIONS

The modeled problem consists of a rigid tank conmtai a liquid phase — a fluid — and a adsorberfiasarin its
bottom. That tank is agitated and left sufficienily rest a time big, or be, the process of adsompteaches a
equilibrium, and adsorbed molecules of the solidgghcan happen the percolation in the bottom atfathie

The modeling of the percolation threshold was aqadined applying a model of square two-dimensiaoraivork
(100 X 100), representing the adsorbent surfaghénsolid phase with adsorbed molecules. Each bddamolecule
corresponds to a busy site that can happen th@lptgon the whole system, leaving an end to anottighe lattice
forming the cluster Fig. (2).
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Figure 2 — Representation of the tank in rest where thega® of adsorption
its reaches a equilibrium acted by a square tweedsional netware.



In the beginning of the simulation, it is chosetoeated site in the left border of the netware hvifie help of a
generating routine of uniform random numbers. lthis to each stage of time — discreet variablangiom numbe(R)
it is generated, and used to sort the positiorhefsite in the square two-dimensional netware. diwesen site will be
marked in case it is busy, that represents therbddomolecule. To leave of that first marked siteyill be chosen
randomly a busy neighboring site, with the helpimgd the routine of random numbers. Finishing tm®ice when
there is not more neighbors sites to the last ntbske.

Interaction between the adsorbed molecules ancepses of superficial diffusion is inconsideratéhis model. We
considered a number of stages of time same fo(@®undred thousand), representing the processisdrption in
equilibrium. Aiming at to represent processes oaagtion sufficiently in times big, or be, procesdbat reach a
equilibrium, we considered a number of stagesmétsame to T0(a hundred thousand). For each group of parameters
we accomplished 2.000 (two thousand) simulatioaset on simulated data that showed there to e Viiriation
starting from more simulations Fig. (3).
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Figure 3 — Results of the simulated data of the simulations

Forms different from molecules were used in theusitions Fig. (3), looking for to represent thenfoor the three-
dimensional molecular structure of some proteimseeslly of the insulin (Dodson, 1998), althougkhteically the
insulin is just considered a polypeptide, duedasinall size.

The form of the proteins can vary from lineal (6bs proteins) to you form approximately spheriggblfular
proteins). Those properties are highly influencgdthe physical (temperature) and chemical (pH, deronic and
solvent type and lid) aspects of the atmospheraenitefinds the protein.

For physiochemical reasons, the adsorption in faseircan be limited the some directions or serwelse, there is
an only impediment restricting the adsorption ingigen direction. We simulated this phenomenon witteal
molecules, allowing its adsorption to happen onlyhie horizontal direction — Fig. (4 A) — or in thertical direction —
Fig. (4 B). We also accomplished simulations usimgecules in form of "L", always restricting thesadption in one
of the directions shown in Fig. (4 - C, D, E ouiR)pther words, in four different senses.

Figure 4 — Different molecules used in the simulations.

After the considerations on restricted impediments, simulated more general cases, in that the migsovere
able to of absolver in any direction of the showrFig. (4). Like this, if a molecule was adsorvidaa direction, the
other molecules could be adsorbed in any othectitimg even in the direction of the previous moleceven in the
direction of the previous molecule. Or better, thegre been able to adsorver in a random way. Isethandom
simulations, we used lineal molecules, in "L" agdae molecules as display Fig (4 G).

Besides the sense of adsorption, our models alhewariation of the size of each molec(fenol). In Fig. (4), the
molecules A and B possess size "3", while (thrddéha other ones, size "2" (two).



4. RESULTS AND DISCUSSIONS

In the Table (1) we see a summary of the resuttthio different types of molecules and directionsspnted for the
different sizegTmol). The values act to smallest necessary initial entration(Cip) to happen the percolation in the
network. In all of the simulations initial conceaions were used in the liquid phase same to 35(@0Ay five
thousand) molecules.

Table 1- Results of the modeled data.

Linear Format "L"
Tmol Square
Random | Vertical Horizontal Random SenseC | SenseD | SenseE | SenseF
1 3922 * KK *kk *kk * KK *kk *kk *kk * Kk
2 1985 2231 2233 *kk * KK *kk *kk *kk * KK
3 1204 1407 1409 701 694 697 692 695 699
5 589 950 949 356 372 376 377 373 299
10 313 462 464 95 154 153 153 152 No percolation

Fig. (5) it presents in graph form the data of Tlable (1) for the different types of molecules wsihe(Tmol) same
to "10". In her we see the amount of adsorbed nudsgq) in function of the types of molecules. As it waeady
waited, the percolation limited to the horizonta@ledtion is the same that to the vertical directidoe to the square
netware model. In other words, as the dimensiorte@fturface they are same, the percolation comditare the same
ones in all the senses. Likewise it happens wi¢ghntiolecules in form of "L", the amount of adsorimedlecules(q) is
the same for the four senses defined previouslYD(E e F), as we see in Fig. (5) more below.

We noticed that the molecules in form of "L" withnse of adsorption random faster percolation.

We should attempt to the fact that a molecule it i4, actually, two molecules orthogonal lineal, atbends its
area and that increases in double its probabififinding a busy neighboring si(g).

Still in Fig. (5), we also noticed that the squamelecules no percolation, due to great area ofethmelecules.
These are molecules that have more difficulty glistthg in the net with the increase of its sizeife form, forming
isolated clusters.
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Figure 5 — Results of the simulations with different tymésnolecules with size same to "10."

In the figures (7), (8) and (9) it is presentedyiaph form the results of the simulations, usimgdl molecules of
size same to "10" witkiTmol) sense of random adsorption. In all of the simatatiinitial concentrations were used in
the liquid phase same to 1.500 (thousand and fivelted) molecules. We can observe the decrease afumber of
the clusters, to each stage of time, however thmdtion of a cluster of larger size Fig. (6). Thesulted was waited
already due the system to tend the form a cludténénite” size with the formation of few and sthaoles, in the
course of time.
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Figure 6 — Result of the simulations with lineal molecutdsandom sense varying the tirtte
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Figure 7 — Result of the simulations with lineal molecutdsandom sense and tinf® same to 1.000.
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Figure 8 — Result of the simulations with lineal molecutdsandom sense and tinf® same to 2.000.
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Figure 9 — Result of the simulations with lineal molecutdsandom sense and tinf® same to 4.000.



4.1 - Visual results

Besides the numeric results presented above, onuwlaior allows the visualization of the behavior thie
percolation in the surface delimited by the net etod

In the Figures (10) and (11) we noticed the vasiatf the percolation visually with the increasettdf initial (Cio)
concentration. Molecules in a lineal way were usétth size same to "3" and random sense of adsarplibe initial
(Cio) concentrations are 1.209 (thousand two hundre€) miolecules Fig. (10 A), 1.500 (thousand and fiuedred)
molecules Fig. (10 B), 2.000 (two thousand) molesuFig. (11 A) and 2.500 (two thousand and five dned)
molecules Fig. (11 B).
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Figure 10— Surface of the percolation with initi@lig) concentration same to 1.209 (A) and 1.500 (B).
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Figure 11— Surface of the percolation with initi@l;g) concentration same to 2.000 (A) and 2.500 (B).

In the figures (12) and (13) we see molecules iln@al way with size same to "3" and horizontal serof
adsorption. The initia(Cjs) concentrations are 1.409 (thousand four hundreé)nmolecules Fig. (12 A), 1.500
(thousand and five hundred) molecules Fig. (12 BP0OO (two thousand) molecules Fig. (13 A) and @.%0vo
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Figure 12— Surface of the percolation with initiglig) concentration same to 1.409 (A) and 1.500 (B)
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Figure 13— Surface of the percolation with initi@lg) concentration same to 2.000 (A) and 2.500 (B).

The figures (14) and (15) they exhibit percolattamfaces with molecules in way of "L" of size "s&ndom sense.
The initial (Cig) concentrations are 356 (three hundred and fify siolecules Fig. (14 A), 500 (five hundred)
molecules Fig. (14 B), 1.000 (a thousand) molecklgs(15 A) and 2.000 (two thousand) molecules Ei§ B).

(B)

(A) (B)
Figure 15— Surface of the percolation with initi@lg) concentration same to 1.000 (A) and 2.000 (B).

In the figure (16) and (17) we see molecules in w&iL' with size same to "5" and sense definedsjangsly (C) of
adsorption. The initia{Ciy) concentrations are 372 (three hundred and sevesay molecules Fig. (16 A), 500 (five
hundred) molecules Fig. (16 B), 1.000 (a thousamalecules Fig. (17 A) and 2.000 (two thousand) malles Fig. (17
B).
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Figure 17— Surface of the percolation with initi@lg) concentration same to 1.000 (A) and 2.000 (B).

In the figures (18) and (19) we noticed the vamiatdf the percolation visually with the increasettwd initial (Cio)
concentration. Molecules in a lineal way were uséth size same to "3" and random sense of adsarplibe initial
(Cio) concentrations are 299 (two hundred and ninetg)ninolecules Fig. (18 A), 1.500 (thousand and fivadred)
molecules Fig. (18 B), 2.000 (two thousand) molesufig. (19 A) and 10.000 (ten thousand) moleckilgs (19 B).
We observed that these are molecules that have difficailty of adjusting at empty sites in the sagé for its form.

Figure 18— Surface of the percolation with initiglig) concentration same to 299 (A) and 1.500 (B).
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Figure 19— Surface of the percolation with initigl;g) concentration same to 2.000 (A) and 10.000 (B).
5. CONCLUSIONS

The study of the Percolation Threshold using diif¢é types and sizes of molecules, being obserpedific
behaviors for each case. This way, it can be obthparameters of the isotherms related with thesygnd studied
molecular sizes, being observed a strong dependsrtb@se with the size of the molecule, once #ledivity to the
adsorption increases with the size of the molecule.

In the simulations of the percolation thresholdh# clusters, it was possible to visualize the binaof the busy
sites, as well as the formation and size of thstehg. We noticed that the molecules in form of With sense of
adsorption random faster percolation. We shoulengtt to the fact that a molecule in "L" is, actyativo molecules
lineal orthogonal, what bends its area and thataeslits probability in half of finding an emptyes if compared with
a lineal one. The square molecules presented lalifferulties to percolation. These are moleculkatthave more
difficulty of adjusting in the network with the irgase of its size for its form, forming isolatedsters.
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