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 This paper describes the numerical investigation on the adsorption level ofscale 

inhibitor (SI) using the Eulerian Computational Fluid Dynamics (CFD) solver 

ANSYS/FLUENT® based on a scaled down flow model. Simulations were done to 
investigate the change in adsorption ( ) of Calcium-HEDPwhen the values of (i) initial 

concentration ( ) and (ii) solution temperature were varied.It was found that, when 

Cₒwas increased from 1000 ppm to 1500 ppm and 2000 ppm, the percentage of SI 
adsorbed in column wallalso increased from 20% to 21% and 30%, respectively. 

Whentemperature (T)was increased from 25°C to 50°C and 100°C,the concentration of 

SI particles being adsorbed onto the wall increased from 9% to 17.5% and 32.5%, 
respectively.This shows that the adsorption of SI particles onto the wall is proportional 

to both the initial concentration and temperature.Such understanding is important to 

increase the efficiency of the SI to prevent or delay scale formation. 
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INTRODUCTION 

 

 In certain operations in petroleum industries, 

such as production, stimulation, and transport, there 

is a risk of scale deposition. The build-up of scale 

inside wellbores often cause problem to the oil and 

gas companies such as the decreasing of the oil 

production. This can occur when two incompatible 

waters are involved or due to changes in temperature 

and/or pressure (Jordan et al.,2001) and (Merdhah 

and Yassin, 2007). Continuous interruption on the 

production rate may cause millions of dollars loss 

every year.The use of threshold SI is the most 

advanced and cost-effective inhibition method. They 

are chemical compounds which delay, reduce or 

prevent scale formation when added in small 

amounts to the formation water. The threshold SI 

interact chemically with crystal nucleation sites so 

that crystal growth rates are substantially reduced. 

The current SI, however has a shortage whereby a 

large portion of it tends to return to the produced 

fluid within few days due to its low retention 

property, resulting in low concentration in the porous 

rocks insufficient to effectively inhibit scaling (Ali 

and Zahra, 2012). Since the efficiency of SI to 

prevent or delay the scale formation depends on its 

ability to be adsorbed into the mineral scales and 

subsequently retard the active sites, the adsorption is 

very important to ensure the efficiency of such SI. In 

this regard, it is important to understand how the 

changes in initial concentration( oC ) and temperature 

(T )ofthe SI can influence the adsorption of the SI 

particles onto the active growth site, which is the 

focus of this paper. 

 

Theoretical background: 

 Transport Equation. Transport equation can be 

used to describe the dispersion and adsorption of a 

chemical solution which can be derived by a mass 

balance and it can be translated as a chemical 

transport equation (Mohammad Ibrahim, 2011). The 

one dimensional (1D) equation can be written as 

follows: 
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 In Eq. 1, mC is the mobile phase inhibitor 

concentration,  is the adsorption level, D is the 

diffusion coefficient of the scaling inhibitor, v is the 

velocity of the fluid, is the porosity, t is time in 
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second and x is the distance. 

 In this research, numerical model was simulated 

to investigate the effect of changes in oC  andT on 

adsorption of the SI. The model only considers static 

adsorption (v = 0) and non-permeable column (  = 

1) to provide initial insight and understanding on the 

role played by these parameters. 

 Diffusivity.The diffusivity coefficient(D)plays a 

big role in scaling inhibitor performance(Mostinsky, 

2011). It is given by: 

6

kT
D  .                                                          

(2) 

 In Eq. 2,kis the Boltzmann constant,   is the 

dynamic viscosity of the solution and 𝛼 is the scaling 

inhibitor particle size. Meanwhile, the Fick’s first 

law states that the particles move from a region of 

high concentration to a region of low concentration 

[Smith, 2004]. The diffusive flux (J) can be written 

as  

x

C
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 Since the change in concentration of the SI 

particles is described byJ, it can therefore be related 

to the adsorption( ). 

 Adsorption. This is referring to the inhibitor 

mechanism to prevent or delay scale formation 

whereby the particles get adsorbed onto the wall 

surface. The rate law describes that the adsorption 

process may be kinetic but after sufficient time, it 

will become equilibrium consistent with the 

isotherm. The adsorption,  (in mg/ g), can be 

expressed as [Henry and Scott, 1996], 

m

CCv eqo )( 
 .                                       (4) 

 In Eq. 4, v(L) is volume of the solution, eqC

(ppm) is the equilibrium concentration and m (g) is 

the mass of sand, crush rock or scale. Eq. 4 shows 

that the adsorption of the SI particles is directly 

proportional to the change in the particles 

concentration. Since the efficiency of the SI to 

prevent or delay scale formation depends, among 

others, the ability to be adsorbed onto the actives 

sites, it is important to understand how the problem 

parameters affect the SI adsorption. This can be 

achieved by running simulations using numerical 

model under change of parameter values and 

investigating the resulting change in the 

concentrationof particles, which will indicate the 

change in   as given by Eq. 4. 

 

Methodology: 

 A computational model and the corresponding 

structural grid of a simulation were created using the 

software ANSYS Workbench and Fluent14.5. The 

user defined function (UDF) was created in order to 

run the simulation whereby all important parameters 

such as the boundary condition, initial condition and 

also all the equations used to simulate the project are 

include in the coding.The column model was created 

with the dimension of the column 0.05 m in width 

and 0.1 m in length and meshed into a uniform size 

to 6 x 10
-3

. The Neumann boundary condition was set 

on the left, right, and bottom wall of the column 

while oC was set as the Dirichlet boundary condition 

on the top. 

 Simulations were carried out to determine the 

change in the particles concentration when the value 

of the following parameters are changed: (i) oC and 

(ii)T. The SI considered in the model is Calcium- 1-

hydroxyethylidene-1, 1-disphosphonic acid (HEDP) 

withD =1.08 x 10
-5

 cm
2
/s(Henry and Scott, 1996). 

 

RESULTS AND DISCUSSIONS 

 

 Effect of Initial Concentration ( oC ).To 

determine effect ofinitial concentration on the 

adsorption of SI particles on the column wall, the 

value of initial concentration was varied at 1000 

ppm, 1500 ppm and 2000 ppm, following values 

usedin previous study(Kahrwad et al., 2008).Fig. 1 

presents the resulting normalized concentration of 

Calcium-HEDPSI particles at a point close to the 

bottom wall as a function of time when the three 

values of oC were considered for simulation. 

 

 
 

Fig. 1: Normalized concentration of Calcium-HEDP  

SI particles with D = 1.08 x 10
-5

cm
2
/sat a  

point close to bottom wall as a function of  

time for different initial concentration 

    ( oC = 1000ppm, 1500ppm and  

2000ppm). 

 

 As seen in Fig. 1 the changes of SI particles 

concentration is faster when 𝐶ₒ value is higher. When 

initial concentration was increased from 1000 ppm to 

1500 ppm and 2000 ppm, the percentage of particles 
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adsorbed in column wall approximately increased 

from 20% to 21% and 30%, respectively. This result 

indicates that the higher the oC of the SI particles, the 

higher the change in the particles concentration and 

subsequently the higher the adsorption( ) of the SI 

particles onto the active sites to prevent or delay 

scale formation. This is qualitatively consistent with 

result from previous study (Kahrwad et al.,2008) 

which shows that at high oC the   will be higher. 

 Effect of Solution Temperature(T ).The second 

part of the simulations was to investigate the effect of 

temperature (𝑇) onΓ of the SI particles. In this case, 

the value ofT  was varied fromT  = 0.5
0T , T = 

0T  

and T  = 2
0T whereby

0T = 50°C (323.15K) while 

the value of C0 was 2000 ppm for all cases. Fig. 2 

shows the particles concentration distribution at t = 

5000s for all cases. From this figure, it can be seen 

that when temperature was increased from 25°C to 

50°C and 100°C, the change in particles 

concentration is higher. The higher the change in the 

particles concentration, the higher the adsorption 

would be as indicated by Eq. 4. To further see the 

effect of temperature on the particles adsorption, Fig. 

3 presents the normalized concentration of the SI 

particles at a point closed to the bottom wall as a 

function of time for the different values of T . It is 

clear from this figure that the change in 

concentration is higher as the temperature is 

increased. From Fig.3, the concentration of the 

particles being adsorbed onto the bottom wall for 

Calcium–HEDP at T  = 0.5
0T  is 9% while at T = 

0T and T  = 2
0T , is 17.5% and 32.5%, respectively. 

This concentration is related to the SI adsorption (
) as given by Eq. 4. The results from this study shows 

that the SI particles adsorption is proportional to the 

solution temperature. 

 

 
(i)       (ii) 

 
(iii) 

 

Fig. 2: SI particles concentration distribution throughout test column at t = 5000s with oC = 2000ppm  

forCalcium-HEDP at different  : (i) T  = 0.5
0T , (ii) T = 

0T and (iii) T  = 2
0T where, 

0T  = 50°C  

(323.15 K). 
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Fig. 3: Normalized concentration of Calcium–HEDP  

SI particles at a point closed to the bottom  

wall as a function of time for: T  = 0.5
0T ,  

T = 
0T  and T  = 2

0T whereby 
0T  = 50°C  

(323.15 K), with oC = 2000 ppm. 

 

Conclusions: 

 This paper presents the effect of initial 

concentration and solution temperature on the 

adsorption of Calcium-HEDP SI. It was found that 

the adsorption of SI particles onto the wall is 

proportional to both the initial concentration and 

temperature. When 𝐶ₒ was increased from 1000 ppm 

to 1500 ppm and 2000 ppm, the percentage of SI 

adsorbed in column wall also increased from 20% to 

21% and 30%, respectively. Meanwhile, when 

temperature (T) was increased from 25°C to 50°C 

and 100°C, the concentration of SI particles being 

adsorbed onto the wall increased from 9% to 17.5% 

and 32.5%, respectively. This knowledge is 

important in order to produce better SI. 
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