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Abstract - Polymer gels have gained significance importance due to their ability to improve oil recovery, in petroleum 

industry. The most common application of  polymer gels are profile modification and water-shut off  jobs in improving the 

overall efficiency of  the hydrocarbon reservoir. The parameter, which is quite critical in the success of  the polymer gel 

system, is gelation time. The gelation time of  polymer system is a function of  the concentration of  polymer, cross-linker 

concentration, temperature, salinity of  mixing water and pH of  the fluid system. This article reviews different gelation time 

models, based on experimental data, of  polymer systems used for profile modification and water shut off  jobs in petroleum 

industry. The purpose of  reviewing the different gelation time models was to understand the critical parameter that effects 

the gelation time, effect of  the impact of  the interaction between the parameters on the gelation time. The advantage of  

these empirical correlations are to allow extrapolation of  data beyond the experimental range of  data. Different polymer 

systems reviewed followed the Arrhenius-type model and confirms existence of  different gelation mechanisms for different 

polymer system. 
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INTRODUCTION 

Sweep efficiency in oil-bearing reservoirs having high permeability zones, streaks or fractures during water-flooding or any 

other displacement based enhanced oil recovery processes improved by injecting polymer gel system in injection wells, which 

has viscosity close to water. The objective of  polymer gel treatment is to reduce channeling of  injected fluid through fracture 

or high-permeability zones without significantly damaging hydrocarbon productivity. We wish to maximize polymer gel 

penetration and permeability reduction in high-permeability watered-out zones, while minimizing polymer gel penetration 

and permeability reduction in less-permeable hydrocarbon-productive zones. 
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 The polymer gel system, which found many applications in petroleum industry, shows different characteristic at varied 

temperature, the concentration of  the polymer and cross linker. One of  the important characteristics of  the gel system is 

the gelation time, which is detrimental in the overall success of  the enhanced oil recovery process. For the successful design 

of  the profile modification or water-shut off  jobs, the mathematical model consisting of  polymer and cross linker 

concentration as well as temperature is essential. This paper reviews gelation time models where one parameter, at a time, is 

considered in developing empirical correlations and models where interaction between the other parameters also taken into 

consideration for calculation of  gelation time.  

Arrhenius Equation  

The reaction rate of  a chemical reaction is related to the temperature by the Arrhenius equation. Arrhenius equation indicates 

the effect of  temperature on reaction rates, which in turns provides information about reaction mechanism. The Arrhenius 

equation is given below: 
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Where,  

A is the kinetic parameter and is different for different reaction and is related to the frequency of  collisions between the 

reacting molecules. 

Ea is the activation energy for the particular reaction and represents the minimum amount of  energy required to convert 

reactants into products in a chemical reaction. 

R is the universal gas constant. 

T is the absolute temperature of  the reaction. 

The above equation yields a straight line if  graph is plotted in between the logarithm of  the rate constant against the 

reciprocal of  the absolute temperature. The above equation is applicable for most of  the reactions but various hurdles may 

lead in failure of  the applicability of  this equation 
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Hurd and Letteron1 developed correlation for gelation time as a function of  temperature for silicic acid gels. The model used 

the Arrhenius-type equation to find the activation energy of  the chemical reaction. Hurd and Letteron used silica acid gels 

to study the effect of  temperature on the gelation time. Hurd and Letteron made simple assumptions and developed 

empirical correlation similar to Arrhenius equation, which relates gelation time and temperature. The empirical correlation 

was validated with the experimental data and it was found that the graphs, for different concentration of  silica, were linear 

when plotted between the logarithm of  the gelation time and the absolute temperature. Assumptions considered by Hurd 

and Letteron in analyzing the results: 

Reaction follows the law of  an ordinary chemical reaction 

Arrhenius equation may be applicable to the experimental data 

Irrespective of  initial concentration of  silica, the proportion of  silica remains same that has reacted at the gelation point, at 

all temperatures. 

An nth order rate law considered for the gelation reaction 
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The gelation time is given by equation (8) for any fractional conversion of  a and the constant c depends on the fraction 
�

�
 

and n. 

Rewriting equation (8) 

 ln � = ln �− ln � − (� − 1) ∗ ln � (9) 

From Arrhenius equation (3) 
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From equation (10) and (11) 
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Differentiating equation (12) with respect to 1/T, considering ‘a’ and ‘x/a’ constant 

 �� = � ∗
� ln �

� �
1
��

 (12) 

The above equation suggests than the plot of  the logarithmic of  gelation time with reciprocal of  absolute temperature 

follows linear relationship, the slope of  the curve gives the activation energy for the gelation reaction. The activation energy 

calculated for gelation reaction was 16.94 Kcal, which is in the order of  the heat of  activation for many chemical reactions. 

Jordan et al.2 studied the effect of  temperature on gelation time for Polyacrylamide/Chromium (III) System and verified the 

model developed by Hurd and Letteron. Jordan et al confirms the applicability of  Arrhenius-type equation for many chemical 

reactions. Jordan et al studied the effect of  temperature on gelation time for Polyacrylamide/Chromium (III) Systems. The 

experimental data generated validates the gelation time model developed by Hurd and Letteron. The graph plotted in 

between the gelation time vs. the reciprocal of  the absolute temperature for the gelation reaction found to be linear at varying 

temperatures. The activation energy correlated using Arrhenius type equation found to vary slightly for the varying 

concentration of  base polymer and polymer system used, showing the Arrhenius equation applicability for many chemical 

reactions. 

Broseta et al.3 studied the gelation behavior of  Polyacrylamide/Chromium (III) acetate (MARASEALTM) system as a function 

of  temperature, base polymer concentration, cross-linker concentration, brine salinity and degree of  hydrolysis.  
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It was experimentally verified that temperature is the parameter that strongly affects the gelation besides other parameters, 

the gelation time dependence on temperature follows Arrhenius type equation. 

Broseta et al. studied the effect of  temperature, cross-linker concentration, polymer concentration on the gelation time of  

the Polyacrylamide/Chromium (III) acetate polymer system. 

Effect of  Temperature 

The experimental data generated followed the Arrhenius type equation (13) which relates gelation time and temperature. 

The average activation energy calculated for gelation reaction was around 115 KJ/mol, which is again in the order of  the 

heat of  activation for many chemical reactions. 

Effect of  Cross-linker Concentration 

Gelation time correlated, by keeping the polymer concentration constant, to study the effect of  cross-linker concentration 

on the gelation time. The gelation time followed the inverse power law as follows: 

 � =
�

��
�.� (13) 

Where B is constant and based on empirical correlation.  

Effect of  Polymer Concentration 

Gelation time correlated, by keeping the cross-linker concentration constant and varying the polymer concentration and 

temperature, to study the effect of  polymer concentration on the gelation time. The gelation time followed the inverse power 

law as follows: 

 � =
�

��
�.� (14) 

Where C is constant and based on empirical correlation.  

The above three correlations are combined to obtained the combined effect on the gelation time. 

 � = 7 ∗ 10��� * exp �
14100

�
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Where gelation time (t) is in seconds, Temperature (T) is in Kelvin, Cross-linker concentration (Cx) and base polymer 

concentration (CP) is in g/L. 
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Reddy et al.4 developed correlations for gelation time as a function of  salinity of  the mixing water for NaCl and KCl. The 

research finding suggest that, the low concentration of  NaCl and KCl have similar effect on gelation time. However, at 

higher concentration, the gelation time for NaCl follows polynomial relationship while for KCl gelation time varies linearly. 

The gelation time for NaCl represented by the following equation 

 � = 6155.7 ∗ �����
� + 40.936∗ ����� + 0.5 (16) 

Where gelation time (t) is in hours and concentration of  NaCl (�����) is in moles 

The gelation time for KCl represented by the following equation 

 � = 167.91 ∗ ���� + 0.4167 (17) 

Where gelation time (t) is in hours and concentration of  KCl (����) is in moles 

Al-Muntasheri et al.5 investigated the PAM/PEI polymer system at temperature up to 1400C and pressure up to 435 psi and 

studied the effects of  polymer concentration, cross-linker concentration, salinity, temperature, initial pH and the initial degree 

of  hydrolysis of  the polymer system on the gelation time. The stability of  the PAM gels cross-linked with PEI was confirmed 

at 1300C 

Effect of  Temperature on Gelation Time 

The experimental data generated followed the Arrhenius type equation and further substantiate its applicability for many 

chemical reactions. The gelation time was correlated to the temperature by the following equation: 

 � = � ∗ ��� �
��
��

� (18) 

Where gelation time (t) is in seconds, time constant (M) in seconds, temperature (T) is in Kelvin, activation energy (��) is 

in kJ/mole and universal gas constant (R) is in kJ/mole/K. The activation energy of  the gel PAM/PEI gel system was 

calculated as 71.3kJ/mol. Al-Muntasheri plotted the gelation time data vs temperature first in distilled water than in 10,000 

ppm NaCl solution by keeping other parameters constant. In distilled water, the gelation time was correlated to the 

temperature by the following correlation: 

 � = 2 ∗ 10��� ∗ ��� �8.57∗
1000

�
� (19) 

Where gelation time (t) is in hours and temperature (T) is in Kelvin. In NaCl solution, the gelation time was correlated to 

the temperature by the following correlation: 

 � = 3 ∗ 10��� ∗ ��� �10.58∗
1000

�
� (20) 

Where gelation time (t) is in hours and temperature (T) is in Kelvin 
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Effect of  Polymer Concentration 

Effect of  polymer concentration on the gelation time was recorded by varying the polymer concentration and keeping other 

system parameters constant. It was found that the plot of  gelation time vs polymer concentration followed Arrhenius type 

equation The gelation time was correlated to the temperature by the following equation: 

 � = 4.08 ∗ ��
��.�� (21) 

Where gelation time (t) is in hours and polymer concentration (Cp) is in wt % 

Effect of  Cross-linker Concentration 

Effect of  cross-linker concentration was investigated by varying the cross-linker concentration and keeping other system 

parameters constant. The gelation time was plotted vs cross-linker concentration to get the reaction order; the graph plotted 

followed liner relationship in between the gelation time and cross-linker concentration. The gelation time was correlated to 

the temperature by the following equation: 

 � = 0.12 ∗ ��
��.�� (22) 

Where gelation time (t) is in hours and cross-linker concentration (Cx) is in wt % 

Marco SA et al.6 studied the effect of  temperature, water salinity and cross-linker concentration on the gelation time, the 

polymer system comprised of  acrylamide/acrylate copolymer cross-linked with polyamine. The factorial design approach 

was used to develop the correlation and to understand how the interaction between these three parameters affects the 

gelation time of  polymer system. The results showed that the temperature had the highest impact while water salinity showed 

the lowest impact. The interaction between the water salinity and the cross-linker concentration showed neutral impact on 

the gelation time. The predictive correlation developed for gelation time is given below: 

 � = 38.4333−
13

75
∗ � +
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∗ � −
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30
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1

300
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Where gelation time (t) is in hours, Temperature (T) is in 0F, salinity (S) is in % and cross-linker concentration (Cx) is in wt % 

CONCLUSIONS 

Gelation models reviewed suggested different gelation mechanism exist for different polymer systems as indicated by energy 

of  activation. Gelation models reviwed showed the applicability of  the Arrhenius-type equation for many chemical reactions. 

Gelation models reviwed suggests that the most critical parameter that affect the gelation time is temperature. Most of  the 

gelation models reviewed developed correlations by considering only one parameter at a time, there is a need to study the 

impact of  the interaction between other parameters on the gelation time. 
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