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Abstract   Lattice gas automata (LGA) model is developed to simulate polymer adsorption process 
by adding some collision rules. The simulation result of the model is matched with batch experiment 
and compared with accepted isothermal adsorption equations. They show that the model is viable to 
perform simulation of the polymer adsorption process. The LGA model is then applied for simulating 
continuous polymer solution flow through porous media. Some parameters such as concentration, 
surface area and porosity are varied to examine their effects. The concentration and porosity 
parameters are found to affect adsorption rate at the transient period whereas the surface area affects 
the maximum number of adsorbed polymer molecules. Meanwhile, the polymer adsorption in porous 
media may decrease its permeability and fluid velocity. 
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از طريق قـوانين برخـورد توسـعه داده شـده           فرايند جذب سطحی پليمر      برای شبيه سازی     LGAمدل     چكيده
 وفـق داده شـده و بـا معـادالت شـناخته شـده جـذب                 غير پيوسته نتيجه شبيه سازی با داده های آزمايش        . است

 . بوده اسـت   ی پليمر شبيه سازی فرايند جذب سطح    قادر به   ساخته شده   مدل  . سطحی تک دما مقايسه شده است     
برخـی  . شبيه سازی جريان پيوسته محلول پليمر در محيط متخلخل بکار برده شده اسـت              سپس برای    LGAمدل  

غلظـت و تخلخـل   .  تا ميزان تاثير آنها معين شـود پارامترها مانند غلظت، مساحت سطح و تخلخل تغيير داده شد     
پليمر جذب  مولکولهای  حداکثر تعداد    ت سطح بر  مساح. ردگذامی  در دوره گذرا بر سرعت جذب سطحی تاثير         

در محـيط متخلخـل نفـوذ پـذيری و سـرعت سـيال را               در حالی که جذب سطحی پليمـر        . ذارد تاثير می گ   شده
  .کاهش می دهد" محتمال

 
  

 
1. INTRODUCTION 

 
In polymer flooding, polymer is used to viscosify 
the displacing fluid, which increases the 
sweep efficiency of the process. The interaction 
between polymer molecules and solid may 
cause adsorption. The adsorption of polymer 
plays an important role for the success of a 
polymer flooding in oil reservoir. Adsorption 
at solid surface of porous media is largely the 
result of binding forces between the molecules 
of the polymer and the molecules of solid 
[1]. 
     The occurrence of polymer adsorption in porous 

media may alter some properties of rock and fluid. 
Physically, the precipitation of polymer on solid 
surface may constrict the pore channel. This causes 
the ability of the porous media to let the fluid flow 
through the pore channel reduces. This measure is 
well known as permeability. 
     Some researchers have developed simulators 
of polymer flow in porous media using macro-
scale approach [2-5]. The macro-scale approach 
does not usually consider the behavior of 
polymer particles. The discussions about polymer 
adsorption are only limited in macroscopic 
phenomena such as the volume of adsorbed 
polymer, while in reality adsorption can occur 
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monolayer or multilayer. Modeling microscopic 
phenomena such as polymer adsorption process 
should be investigated using micro-scale 
approach. 
     Various methods of meso-scale approach 
have been also applied to simulate the 
formation, the dynamics, and the interaction of 
polymers using lattice polymer automata [6] 
and lattice molecular automaton [7]. In this 
paper, meso-scale approach i.e. FHP-III of 
LGA model [8] is used to simulate the monolayer 
polymer adsorption in porous media. In order 
to correlate between meso-scale and micro-
scale, the simulation result of the LGA model 
is matched with batch experiment. Here, the 
correlation between LGA particle and molecule 
number of real polymer is determined. The 
simulation result is also compared with Langmuir 
and Freundlich adsorption equations to know 

the agreement among them. 
     The model is then used to simulate 
adsorption process in continuous fluid flow in 
porous media. Some related factors to the 
adsorption such as polymer concentration, 
surface area of solid material, and porosity of 
porous media are examined to estimate their 
effects. The impacts of polymer adsorption to 
the fluid and rock properties i.e. velocity of 
fluid and permeability of porous media are 
predicted. 
 
 
 
2. MODELING OF POLYMER ADSORPTION 
 
The arrangement of adsorbed polymer molecules 
on solid surface can be classified into two 
types. The monolayer adsorbed polymer molecules 
form only one molecular layer on solid surfaces 
where all adsorbed molecules are in contact 
with the surface. The multilayer adsorbed 
polymer particles can form more than one 
molecular layer [9]. The experimental curve of 
isothermal adsorption on sand grains conforms 
to monolayer polymer adsorption [10]. Referring 
to the experiment, the process of monolayer 
polymer adsorption is modeled. 
     In order to simulate the phenomenon of 
polymer adsorption in LGA model, new collision 
rules should be introduced. We define that a 
void site, that is a neighbor of solid sites, will 
behave as a solid site if the net vector of its 
polymer particles tends to the solid sites. 
Polymer particles that contained in the site 
will become stationary particles and adhere to 
the surface. The polymer particles give place 
as fluid particles and counted as adsorbed 
polymer particles. As a consequence the total 
particles number of polymer in solution will 
reduce. 
     The collision rules allow particles of polymer 
near the solid surface to be bound. The bounding 
process may continue until the entire surface 
was covered with the adsorbed polymer 
particles. The collision rules are intended for 
monolayer polymer adsorption process. In 
this model, the adsorption processes of the 
polymer particles for LGA are shown in 
Figure 1. 

 Out-State In-State 

= The void site adjacent to the solid sites 

= The solid site 

= The polymer vector of the void site 

= The void site that behaves as a solid site 

 
Figure 1. Collision rules for polymer adsorption process. 
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     The combinations of polymer, porous media, 
and solvent factors determine the level of polymer 
adsorption. Since the combinations of the factors 
are rarely uniform in entire porous media, the 
binding process of polymer particles may not the 
same in every part of solid surface of porous 
media. To satisfy the condition we use the 
probability factor of polymer adsorption 
occurrence. This factor is connected to the 
collision rules. The probability factor (Ppa) is 
defined by the following equation: 
 

)C(fPpa =  (1) 
 
where C is concentration of polymer in solution 
(ppm). 
 
2.1. Simulation Models   The adsorption 
process in Batch and continuous systems may be 
simulated. To perform the simulation, previously 
the systems should be modeled into LGA. 
 
A. Batch System   The simulation of adsorption in 
batch system can be conducted using the following 
way: 
1. The lattice of LGA model is arranged to 

represent sand grains in a pack as depicted in 
Figure 2A. In the figure, the surface length of 
solid particles should correspond to the surface 
area of sand grains. Closed borders express the 
pack. 

2. Moving fluid particles are placed on the white 
region to represent the motions of polymer 
solution among the sand grains in shaken pack. 

3. The collision rules (Figure 1) are applied to 
activate the adsorption process. 

The distribution of the adsorbed polymer 
molecules on sand surface may be represented 
by the adsorbed LGA particles (black layers) 
as given in Figure 2B. 

 
B. Continuous System   Meanwhile, the 
simulation of adsorption of continuous polymer 
flow in porous media can be conducted as follows: 
1. An LGA porous medium is built to describe 

the real porous rock as depicted in Figure 3A. 
The physical properties of the medium such as 
porosity and permeability should be adjusted. 

2. Moving fluid particles are introduced at the left 
side of the medium. The particles will flow 
along the pore space. 

3. The collision rules (Figure 1) are applied to 

 (a) (b) 
 
Figure 2. The modeling of batch system. Initial condition of 
the system (a). Adsorption process has taken place (b). Gray 
regions represent solid material. Direction and length of each 
arrow represent direction and speed of local flow. Black layers 
represent adsorbed particles. White region represents pore 
space. (a) 

(b) 
 
Figure 3. The modeling of continuous system. Initial 
condition of the system (a). Adsorption process has taken 
place (b). 
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activate the adsorption process. 
 

     The adsorbed particles (black line segments) on 
the solid surface are shown in Figure 3B. 
 
2.2. Langmuir And Freundlich Equations 
The measurement of the amount adsorbed on 
adsorbent versus equilibrium concentration at a 
particular constant temperature results in an 
adsorption isotherm. Adsorption isotherm is useful 
for characterizing adsorbents with respect to 
different adsorbates [1,11]. Many isotherm 
equations describe models of adsorption [12]. Two 
adsorption isotherm equations that used to describe 
the adsorbed polymer on sand are Langmuir, 
Freundlich [1,13,14]: 
      The form of the Langmuir model to estimate 
the number of adsorbed molecules on surface may 
expressed by 
 

KC1
mKC

S
q

+
=  (2) 

which can be arranged to a straight line form 
 

mKC
1

m
1

q
S

+=  (3) 

 
where q is number of molecules adsorbed on solid 
when equilibrium concentration is C; S is surface 
area; C is concentration of particles in solution at 
equilibrium; m and K are Langmuir isotherm 
constant; 1/m is slope of the line; 1/mk is intercept 
of the line. Langmuir isotherm equation is used for 
the case of monolayer adsorption [15]. 
     The Freundlich isotherm model is defined by 
 

n/1KC
S
q
=  (4) 

 
which can be expressed into a straight line form 
 

C log 
n
1Klog

S
qlog +=  (5) 

 
where K and  n are Freundlich isotherm constants; 
log k is intercept of the line; 1/n is the slope of the 
line. The constants K and n are obtained by 
plotting C and q on log-log plot. If the coefficient n 
is equal to or approach to 1, then the Freundlich 
isotherm equation becomes a linear relationship 
and may be used for monolayer adsorption [16].  
The advantage of Freundlich equation is in cases 
where the actual identity of the adsorbate is not 
known [17]. Whereas, the disadvantages of using 
the Freundlich equation are that it is only useful for 
limited concentration ranges and it has no 
predictive ability with regard to adsorption 
isotherms for similar adsorbates. A new Freundlich 
plot must be produced for each adsorbate-
adsorbent combination [11]. Equations (3) and (5) 
can be expressed in form of graphic as shown in 
Figure 4. 
 
 
 

3. EXPERIMENT AND SIMULATIONS 
 
A. Experiment and Simulation of Polymer 
Adsorption in Batch System   The validation 
of adsorption process using LGA simulator is 
verified with batch experiment [10]. The brief of 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Graphical evaluation of isothermal constants. 
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whole experiment is as follows: 
 
Sand Selection and Treatment   Sand was sieved 
and cleaned. The particle diameter distribution was 
ranged from about 150 to 500 µm. 
 
The Polymer Solution   The polymer used in the 
experiment was xanthan with molecular weight 
being equal to 5.106 g/mole. Polymer concentrations 
of 200, 500, 1000, 1500, and 2000 ppm were 
prepared. 
     The procedure of batch experiment was as 
follows: 
1. Each polymer solution of 200 ml with a certain 

concentration was placed in 250 ml 
Erlenmeyer flasks each containing 20 gr of 
sand particle. 

2. The flasks then placed in a constant 
temperature shaker bath at certain temperature 
(27oC) and shaking rate of 80 strokes per 
minute for 3 hours to reach the equilibrium 
condition. 

3. Testing samples (10 ml) were be taken from 
each flask at each 15 minutes for 3 hours to 
be analyzed using the spectrophotometer. 

     Polymer adsorption in batch experiment is 
simulated to validate the LGA model. A 
representative sand pack is arranged as depicted in 
Figure 5. Since the porosity of a pile of sand grains 
is not considered, the surface length parameter 
becomes important to be matched. Equation B.3 
may be used to estimate the surface length of the 
sand grains. The surface length of sand grains that 
have mass of 20 g, average diameter of 325 µm, 
and density of 2.65 g/cm3 is about 37.327 cm.  
     The simulator was run for 10800 time steps (3 
hours). The simulations were conducted 5 times for 
polymer concentrations of 200, 500, 1000, 1500, 
and 2000 ppm, respectively. 
 
B. Simulation of Polymer Adsorption in 
Continuous System   The LGA model is then 
used to simulate polymer flow in porous media. 
We arranged four porous media of size 2 cm and 1 
cm as shown in Figures 6 to 9 to examine the 
effect of porosity and surface length to polymer 
adsorption. The regular shapes of pore space were 
established to avoid the effect of irregularity. The 
data of porosity and surface length of the four 
porous media are listed in Table 1. Simulations 

 
Figure 5. Simulation of polymer adsorption for the batch 
experiment after 5000 seconds. Concentration of polymer is 
200 ppm. 
 
 
 
 

 
Figure 6. Polymer adsorption in the porous medium 1 after 
5000 seconds. Concentration of polymer is 2000 ppm. 
 
 
 
 

 
Figure 7. Polymer adsorption in the porous medium 2 after 
5000 seconds. Concentration of polymer is 2000 ppm. 
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were conducted for the porous media by 
channeling the polymer solution from left side 
continuously for 10000 seconds. 
 
 
 

4. RESULTS AND DISCUSSION 
 
A. Experiment and Simulation of Polymer 
Adsorption in Batch System   Five batch 
experiments of xanthan adsorption process were 
conducted at room temperature, 27oC, for 
concentrations 200, 500, 1000, 1500, and 2000 
ppm. The output readings from spectrophotometer 
in term of absorbance are shown in Table 2. 
     In order to determine the relationship between 
the concentration and the absorbance, the constants 

a and b of Equation (A.1) should be are calculated. 
Using linear regression analysis of the data of 
Table 2, one can find that a = 0.00005 and b = 
0.002. By using the constants, the adsorbed 
amount, Qe, is calculated by Eq. (A.3). Data 
between number of adsorbed polymer molecules 
and final concentrations of xanthan are shown in 
Table 3. Using Avogadro number and converting 
from surface area to surface length, the unit of 
molecules/cm can be obtained as given in the table. 
     Meanwhile, the simulation result of batch 
experiment using LGA model is given in Figure 
10. The figure indicates that at 3 hours, the 
equilibrium condition has been attained where the 

TABLE 1. Data of LGA Porous Media. 
 

Porous 
medium 

Porosity 
(fraction) 

Surface Length 
(cm) 

1 0.41   8.0 
2 0.50 13.8 
3 0.41 13.8 
4 0.41   4.0 

 
 
TABLE 2. Absorbance Level of Xanthan. 
 

Concentrations (ppm) Absorbance 
      0        0 
  200 0.014 
  500 0.033 
1000 0.057 
1500 0.072 
2000 0.116 

 
 
TABLE 3. Absorbed Amount of Xanthan. 
 

Concentrations 
(ppm) 

Absorbed Amount of 
xanthan 

 (mg/g) molecules/cm 
      0        0               0 
  200 0.014 11110659 
  500 0.033 15043990 
1000 0.057 18142380 
1500 0.072 18142380 
2000 0.116 18142380 

 

 
Figure 8. Polymer adsorption in the porous medium 3 after 
5000 seconds. Concentration of polymer is 2000 ppm. 
 
 
 

 
Figure 9. Polymer adsorption in the porous medium 4 after 
5000 seconds. Concentration of polymer is 2000 ppm. 
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number of adsorbed particles is constant with time. 
The simulation result is then matched with 
experimental result. Both of them are then plotted 
in Figure 11. In this matching, 1 particle of LGA 
model represents 2349 molecules. 
     Besides the experimental and simulation curves, 
the curves of Langmuir, and Freundlich models are 
also depicted in Figure 11. The curves are 
constructed using Equations 2 and 4, whereas the 
constants of the equations are calculated using 
Equations of the straight-line form. As general, the 
LGA simulation curve gives a good match to the 
experimental and the theoretical isothermal 
adsorption curves. 
 
B. Simulation of Polymer Adsorption in 
Continuous System   The effect of polymer 
concentration on the number of adsorbed 
molecules for porous medium 1 is shown in 
Figure 12. The effect for this case is different from 
that for batch experiment. The figure shows that 
at the early time of the flow, the increasing rate 
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Figure 12. Effect of polymer concentration to number of 
adsorbed polymer molecules in the porous medium 1 during 
10000 seconds. 
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Figure 10. Cumulative number of adsorbed polymer particles 
on simulation of batch experiment for 3 hours. 
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Figure 11. Comparisons of experimental, theoretical, and 
LGA simulation curves of adsorbed xanthan molecules for 
batch experiment. 
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of adsorbed molecules is proportional to 
concentration. As the time goes on, the rate 
becomes slow. Moreover, the curves of various 
concentrations tend to pile. This means that the 
concentration does not affect the maximum 
number of adsorbed molecules of a porous 
medium. 
     Figure 13 shows how the surface length factor 
affects the polymer adsorption for a concentration. 
The number of adsorbed polymer particles 
increases up to a certain value for a medium. The 
descent of curve slopes in the figure can be 
explained as follows. The length of solid surface 
limits the number of adsorbed polymer particles. 
The definition of the proposed collision rules states 
implicitly that the probability of adsorption process 
will decrease as the available sites of solid surface 
decrease. So that, the smaller the surface length 
of porous media available the lower the level of 
adsorption that is observed. In monolayer 
adsorption, adsorbed polymer molecules occupy 
the available surface of solid material so that the 
maximum number of adsorbed molecules depends 
on surface area of porous media. In the figure, the 
cumulative number of adsorbed polymer molecules 
of the porous media 2 and 3, which have the 
longest surface length (13.8 cm) are higher than 
that of porous media 1 (8.0 cm) and 4 (4.0 cm). 
     Effect of porosity may be indicated by the curve 
of porous media 2 and 3. For the same surface 
length, porosity factor represents cross sectional 
area size of channel. Since it is easier for the wider 
channel to distribute polymer solution, the 
adsorption rate of porous medium 2 is higher than 
that of porous medium 3 during 10000 seconds. 
     In case of polymer solution flows through the 
porous medium 3, the decreasing of velocity of 
polymer solution and permeability of the 
porous medium is shown in Figures 14 and 15 
respectively. 
     In LGA, each site evolves according to the rule, 
which depends only on the states of the site and the 
nearest neighbor sites, the direction and the 
velocity of fluid of each site may fluctuate. The 
situation affects the flow rate of whole system, as 
shown in Figure 14. Fundamentally, however, the 
flow rates for various concentrations tend to 
decrease with time. The velocity reduction is 
affected by constriction of channel due to 
adsorption. Meanwhile, the adsorption rate is 

0.0E+00

5.0E+05

1.0E+06

1.5E+06

2.0E+06

2.5E+06

3.0E+06

3.5E+06

0 2000 4000 6000 8000 10000
Time, second

N
um

be
r o

f a
ds

or
be

d 
m

ol
ec

ul
es

Porous medium 1
Porous medium 2
Porous medium 3
Porous medium 4

 

Figure 13. Cumulative number of adsorbed polymer 
molecules in the four porous media for concentration 10000 
ppm during 10000 seconds. 
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Figure 14. The effect of polymer concentration to fluid 
velocity reduction in the porous medium 3 during 10000 
seconds. 
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mainly affected by polymer concentration. 
However, other possible factor that also affects the 
velocity reduction is the distribution of adsorbed 
polymer. Since the adsorption happens randomly 
on any site and at any time, the rate of velocity 
reduction is not completely proportional to 
concentration factor. 
     Figure 15 shows the change of permeability due 
to adsorption process. The similar condition to 
velocity is experienced by the permeability. In 
general, the permeability decreases as the 
number of adsorbed particles increases for all 
concentration. In this case, the fluctuation of 
permeability is related to that of fluid velocity. 
     The decreasing of f luid velocity  and 
permeability in this model is related to the level of 
adsorption. Hence, the decreasing will also achieve 
a certain level as time goes on. 
 
 
 

5. CONCLUSIONS 
 
This paper has established some fundamental 

guidelines to apply LGA model to polymer 
adsorption process. The collision rules that used to 
simulate polymers adsorption are given. 
     The simulation results show that the model has 
good agreement to batch experiment and the 
equations of Langmuir and Freundlich models. 
The LGA model can describe the monolayer of 
adsorbed polymer particles on the solid surface as 
given in Figures 5 to 9. 
     In continuous polymer flow through porous 
media, the maximum number of adsorbed 
polymer molecules in a porous medium is 
mainly determined by the length of solid surface. 
Meanwhile, the concentration and porosity affect 
the adsorption rate in transient period of polymer 
flowing. The polymer adsorption in porous 
media can decrease its permeability and fluid 
velocity. 
 
 
 

6. NOMENCLATURE 
 

A  surface area, cm2 

C  concentration of particles in solution, ppm 
d diameter, cm 
m mass, g 
Ppa the probability factor of polymer adsorption 

occurrence, fraction 
q  number of molecules adsorbed on solid 
S  surface area, cm2 
Vp volume of polymer solution, ml 
 
 
 

8. APPENDIXES 
 

A. Theory of Batch Experiment   The out put 
reading from spectrophotometer of batch 
experiment is in term of absorbents. The 
absorbance values should be converted to term of 
concentration where the concentration is required 
for calculating the amount of polymer adsorbed.  
Then, the relationship between the concentration 
and the absorbance is determined.  The relationship 
usually takes the form: 
 

bCaA +=  (A.1) 
 

where A represents the absorbance The constants a 
and b are determined by linear regression analysis 
[10]. 
     Concentration after adsorption, Cf can be 
calculated by rearranging the Equation A.1: 
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Figure 15. The effect of polymer concentration to 
permeability reduction in the porous medium 3 during 10000 
seconds. 
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( )
b

aACf
−

=  (A.2) 
 

     Total amount of polymer adsorbed is calculated 
using the following relation: 
 

( )  V
m

CCq p
s

fi
e

−
=  (A.3) 

 

where Ci (ppm) is initial polymer concentration, Cf 
(ppm) is polymer concentration after adsorption; qe 
is the amount of absorbed polymer at equilibrium 
concentration; V is the volume of polymer 
solution; m is the mass of sand particles. 
 
B. Determination of Surface Length   Surface 
area (S) of a pack of sand grains may be estimated 
by the following equation: 
 

2
g

g 2
d

N4S ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
π≈  (B.1) 

 

where Ng is number of grains and dg is average 
diameter of grain. 
     Meanwhile, the number of sand grains in a pack 
of sand may be obtained with dividing of the 
volume of sand grains by average volume of a sand 
grain. The relation is mathematically expressed by 
 

3
g

t

g

2
d

4

m3
N

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
π

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ρ

≈  (B.2) 

 

where mt is total mass of sand grains and ρ is 
density of sand. 
     For two dimension porous media, the surface 
area should be converted in form of surface length. 
The surface length (Sl) of a porous medium can be 
defined as: 
 

g
g

l N
2

d
2S π⎟⎟

⎠

⎞
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⎝
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≈  
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