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Polyacrylamide (PAM) solutions are extensively used as chemical additives 

or Processing aids in the manufacturing of paper and paperboard products. In 

addition, they have been widely used in enhanced oil recovery. In our paper, 

an experimental work has been carried out to provide a complete and 

comprehensive study of the rheological properties of PAM solutions using 

Brookfield viscometer DV-II. The concentrations of PAM in the tested 

solutions ranged by weight from 1000 to 5000 ppm. The findings resulted in 

several conclusions regarding the rheological properties of PAM solutions. 

They have shown a strong shear thinning behavior for all concentrations. 

Rheological characteristics of aqueous PAM solutions with shear rate ranged 

between 1.29 s-l and 64.5 s-1 are investigated. A new proposed correlation for 
the viscosity of PAM solution as a function of shear rate and concentration 

has been suggested. The proposed correlation was found to be good fitting 

with the experimental data. 
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Introduction:- 
A number of rheological studies on PAM have been carried out under different conditions .These studies have 

shown that PAM solutions possess complex behavior that can restrain industrial uses. In the paper industry, PAM 

has been used to maintain the efficiency of operation and quality of products. It is effective in increasing fiber 

bonding and in improving dryStrength (Bird et al., 1987). It has been used in many additional applications including 

water treatment, mineral processing, dust control and sugar manufacturing. Polyacrylamide is one of the best 

polymers used as a drag reduction agent and vortex inhibitor due to its flexibility and long chain. The drag reduction 

is defined by the reduction in pressure drop in the polymer solution relative to the pure solvent alone at the same 
flow rate [1]. 

 

(A. Ait-kadi et al., 1987) have carried out an experimental study to investigate the rheological properties of partially 

hydrolyzed PAM solutions and reported that the salt had stabilizing effect on the viscosity. This effect is 

characterized by lower viscosity levels and less shear thinning behavior as salt concentration is increased. (Tie-

Qiang et al., 1995) have studied the pipe flow of aqueous PAM solutions by means of nuclear magnetic resonance 

imaging. They found that, at low flow rate, laminar flow, unsteady motion appears and the mean velocity profile 

becomes more blunted. For fully turbulent flow, PAM solution shows a typical velocity profile for drag reduction 

fluids. Polyacrylamide has been used in enhanced oil recovery processes. Oil still in remaining in the earth after a 

water flood can be recovered from the reservoir by improving the sweep efficiency and/or reducing the interfacial 

tension between flood-oil. One effective technique to discharge oil at this stage is polymer flooding. 
 

(Lakatos et al., 1995) have studied the effect of carbon dioxide (CO2) on the rheological properties and structure of 

PAM solutions with the aim of using them in enhanced oil recovery. They concluded that high molecular weight 

PAM must be used in order for the polymer to contact with carbon dioxide. 
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(Nasr-El-Din et al., 1995) have studied the interfacial behavior of crude oil in the presence of partially hydrolyzed 

PAM and reported that, at sodium carbonate concentration less than 0.2% mass, the interfacial tension did not 

change with respect to time. Increasing polymer concentration caused slight drop in interfacial tension using sodium 

carbonate 0.2% mass. The addition of polymer up to 2000 ppm had no effects on the interfacial tension. Adding 

sodium carbonate of concentration greater than 0.2% mass leads to lowering of the interfacial tension.  

 
 ( Esmail et al.,1998) have reported that the viscosity of PAM solution decrease with temperature. The temperature 

effect is more pronounced at high shear rates. The flow behavior index "n" is found to be constant for all the PAM 

concentrations and temperatures. However the fluid consistency index "k" was found to be function of temperature 

and PAM concentrations. 

 

(Flew et al., 1993) studied the non-Newtonian flow of PAM solutions in porous media and reported that PAM can 

be used as viscosifying agents in oil field injection, and even very high molecular weight PAM could find 

applications in the fracture treatment of oil wells. (Durst et al., 1981) have studied the flow of PAM solutions in 

porous media under various solvent conditions and they found that the maximum increase in pressure drop is mainly 

dependent on the molecular weight of the polymer. Furthermore, the addition of salt ions to solutions of partially 

hydrolyzed PAM yields onset behavior previously observed for nonionic polymers. 

 
(Dupuis et al., 1994) demonstrated the rheological properties of solutions of high molecular weight partially 

hydrolyzed PAM in mixture of glycerol and water. They concluded that its viscosity depends on time. The non-

Newtonian viscosity of these solutions was affected by time and showed slight shear thickening. (Branda et al., 

1995) researched the influence of glycerol content and the degree of ionization on the negative thixotropy of 

solutions of partially hydrolyzed PAM. They reported that, the character of negative thixotropy of partially 

hydrolyzed PAM in aqueous glycerol strongly depends on polymer concentration, glycerol content, and shear rate 

applied. At low polymer and glycerol concentrations, shear stress and viscosity slowly increase during shearing to a 

limited value. However, steep increase in shear stress, as well as normal stress, followed by their pronounced 

oscillations occur at higher concentrations of both components and at higher shear rates. 

 

The basic principle of biopolymer flushing is that, the addition of a biopolymer to the flushing water leads to 
increased viscosity and capillary number, decreased mobility, and contact with a larger volume of the reservoir 

(Lake et al., 2008). The viscosity of biopolymer solutions, like that of other polymer solutions, is constant at low 

shear rate and constant again at high shear rate, whereas the viscosity of air is independent of the shear rate (Picout 

et al.,2003). 

 

Polyelectrolyte solutions have been studied extensively for both theoretical and experimental purposes. Due to 

electrostatic interactions between the charged groups along the polyelectrolyte chains, its solutions behaves 

differently than the neutral polymers for activity coefficients, osmotic coefficients, as well as transport properties 

like, viscosity, diffusion, etc. (Ghimici L.et al.,1998),( Wu Q. et al.,2009),( Ydens I. et al.,2005)and(Kitano T. et 

al.,2004). 

 

The viscometric behavior of hydrolyzed PAM-poly (4-vinylpyridine) (AD37-P4VP) mixture in aqueous solution. 
The result shows that the intermolecular electrostatic associations are favoured by increasing the P4VP 

concentration. Thus, mixtures rich in P4VP are characterized by a high decrease in the viscosity due to interpolymer 

complete complexation AD37-P4VP, leading to the totally contraction or collapse of the polymer chains (Mansri A. 

et al., 2007). 

 

Experimental work:- 
In the present work we study the rheological properties of five different concentrations of PAM (A1210) solutions of 

molecular weight 12.2 million from Bluwat Company, China. The solutions were prepared by adding a known 

amount of polymer powder to half liter of distilled water at room temperature 293K. This study cover the 

concentration range 1000 ppm-5000ppm to investigate  the rheological behavior of PAM solutions by using 

Brookfield viscometer DV-II and all these measurements was at 293 ºk. 
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Result and discussion:- 
Rheological behavior of 1000 ppm:- 

The viscometer has been used for measuring the viscosity of 1000 ppm PAM aqueous solution at different shear rate 

and the following results have been obtained. The most popular equation represents the so-called power law model 

formulated by Ostwald and waele was given (Bird et al., 1960) 

𝜂 = 𝑘𝛾 𝑛−1                                                                                  (1)          

Where η is the viscosity, 𝛾   is the shear rate, kand nare consistency index and flow behavior index, respectively. 

From Eq. (1), we distinguish three behaviors as a function of the values of n: when n = 1, the viscosity of the system 

is independent of shear rate, the system presents a Newtonian behavior. In the second case n > 1, the system will 

exhibit shear-thickening behavior, for n <1, a shear thinning behavior is observed. 

 
Fig. 1: The relation between viscosity and shear rate for 1000 ppm PAM aqueous solution at 293 K. 

 

In this work, the effect of polymer concentration and shear rate on the viscosity of polymer solution has been 

investigated experimentally. Different types of expressions for the effect of shear rate was superimposed to fit the 

experimental data obtained. However, our proposed expression of the polymer solutions viscosity is: 

𝜂 = 489.2𝛾 −0.64 .          (2)   

 

For the same concentration the viscosity varies exponentially with the shear rate. The drop in viscosity is very sharp 

as shear rate increases slightly at low levels of shear rate. This sensitivity vanishes rapidly at the higher values of 

shear rate. 

 

Rheological behavior of 2000 ppm:- 

The viscometer has been used for measuring the viscosity of 2000 ppm PAM aqueous solution at different shear rate 

and the following results have been obtained: 

 
Fig. 2:- The relation between viscosity and shear rate for 2000 ppm PAM aqueous solution. 
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Our proposed expression to predict the viscosity of the polymer solution in this case is: 

                                                          𝜂 = 485.9𝛾 −0.56 .     (3) 

 

Rheological behavior of 3000 ppm:- 

The viscometer has been used for measuring the viscosity of 3000 ppm PAM aqueous solution at different shear rate 

and the following results have been obtained: 

 
Fig. 3:- The relation between viscosity and shear rate for 3000 ppm PAM aqueous solution. 

 

Our proposed expression to predict the viscosity of the polymer solution in this case is 

𝜂 = 585.6𝛾 −0.59 .          (4) 
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Rheological behavior of 4000 ppm:- 

The viscometer has been used for measuring the viscosity of 4000 ppm PAM aqueous solution at different shear rate 

and the following results have been obtained: 

 
Fig. 4:- The relation between viscosity and shear rate for 4000 ppm PAM aqueous solution. 

 

Our proposed expression to predict the viscosity of the polymer solution in this case is 

𝜂 = 601.7𝛾 −0.57            (5) 

 

Rheological behavior of 5000 ppm:- 

The viscometer has been used for measuring the viscosity of 5000 ppm PAM aqueous solution at different shear rate 

and the following results have been obtained: 

 
Fig. 5:- The relation between viscosity and shear rate for 5000 ppm PAM aqueous     solution. 

 

Our proposed expression to predict the viscosity of the polymer solution in this case is 

𝜂 = 683𝛾 −0.58          (6) 

 

Proposed correlation:- 
The analysis the obtained figures shows that, the viscosity increases as the concentration increase. We predict the 

following equation to describe the relation between the viscosity, concentration and the shear rate of aqueous PAM 

solution 

                                                      𝜂 = 460 ∗ (1 + 1.2 ∗ 𝑐)𝛾 (−0.58∗ 1+𝑐 3)    (7) 
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The comparison between the predicted equation and experimental data :- 
The following figures show the relation between the predicted and experimental values of the viscosity versus the 

shear rate for different concentrations of PAM solutions. 

 
Fig. 6:- The relation between predicted and experimental data for the viscosity versus shear rate for 1000 ppm PAM 

solution. 

 

 
Fig. 7:- The relation between predicted and experimental data for the viscosity versus shear rate for 2000 ppm PAM 

solution. 
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Fig. 8:- shows the relation between predicted and experimental data for the viscosity versus shear rate for 3000 ppm 

PAM solution. 

 

 
Fig. 9:- The relation between predicted and experimental data for the viscosity versus shear rate for 4000 ppm PAM 

solution. 
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Fig. 10:- The relation between predicted and experimental data for the viscosity versus shear rate for 5000 ppm 

PAM solution. 

Conclusion:- 
From these figures we can conclude that: 

1. The polyacrylamide solutions showed strong shear thinning behavior for al1 concentrations          

2. For the same temperature and concentration the viscosity varies exponentially with the shear rate. 
3. The drop in viscosity is very sharp as shear rate increases slightly at low levels of shear rate. This sensitivity 

vanishes rapidly at the higher values of shear rate. 

4. As the PAM concentration increases, the apparent viscosity of the solution increases 
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