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PAM is a good flocculant, and XG is a good tackifier. When the two solutions are mixed, 

the PAM/XG mixed solution has good viscosity and can be used as a foam stabilizer in 

foam drilling fluids, and it can also be used as a coupling agent for sand-fixation serous 

fluid. When metal cations enter the PAM/XG system, it will destroy the overall rheology 

and stability of the PAM/XG system. This article uses the DV3T-LV rheometer to test the 

rheology of different types of PAM (HPAM/CPAM/AMPAM/NPAM) and XG mixed 

solutions,and get the optimal test ratio. Then add various metal cations (Na+, K+, Ca2+, 

Mg2+) to the mixed solutions of HPAM/XG, CPAM/XG, AmPAM/XG, NPAM/XG 

respectively. We know divalent metal cations have greater impacts on the shear stress of 

the PAM/XG composite system, which is likely to cause its shear dilution. Finally, through 

mechanism analysis, it is concluded that it provides a good preliminary foundation for the 

research of foam drilling fluid and sand-fixation serous when the metal ion destroys the 

molecular structure of the PAM/XG composite system. 
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1. INTRODUCTION

Polyacrylamide (PAM) is a water-soluble linear polymer 

material that polymerized by monomer polyacrylamide [1, 2]. 

PAM is a water-soluble polymer, insoluble in most organic 

solvents，has good flocculability and can reduce the friction 

between liquids [3]. Polyacrylamide flocculants can be 

divided into nonionic polyacrylamide (NPAM), anionic 

polyacrylamide (HPAM), cationic polyacrylamide (CPAM) 

and amphoteric polyacrylamide (AmPAM) according to their 

charge properties [4]. The structural unit of polyacrylamide 

contain amide groups, which are easy to form hydrogen bonds 

[5]. Therefore, it has good water solubility, and has the 

advantages of less dosage and fast flocculation, can be used as 

flocculant and thickener. Polyacrylamide is mainly used as 

flocculant and widely used for the petroleum industry, oil 

production, drilling mud, textile industry and paper industry 

[6-8]. 

PAM is a linear water-soluble polymer. Because of the 

flexibility of its molecular chain and the variability of 

molecular shape (chain conformation), as well as its high 

polarity, it is easy to form hydrogen bond and highly reactive 

amide group [9], which makes polyacrylamide have many 

extremely valuable performance, and it is easy to obtain 

various modifications of branch or network structure by 

grafting or cross-linking [10]. XG polymer is also called 

Xanthan gum, it is a polymeric, chain-like polymers polymer 

formed by the desert fungus acting on carbohydrates，and it's 

relative molecular weight can be up to 5x106,and soluble in 

water [11]. Xanthan gum (XG) contains strong polar groups 

such as -COO-, -OH, and other strong polar groups. And the 

charged side-chains of the molecule are wrapped backwards 

around the main chain [12]. In the ordered state，the main 

chain and the side chain form a double helix structure by 

hydrogen bonding. These spiral structures also maintain their 

stability by electrostatic force and steric effect. At the same 

time, when the double helix structure is combined by covalent 

bond, it can also form a regular network of spiral copolymers. 

These network structures make the molecules have strong 

rigidity, so that make the molecular chain of xanthan gum in 

aqueous solution stretched, and the fluidity of aqueous 

solution can be well controlled [13]. 

Therefore, xanthan gum solution has good tackifying 

properties. Polyacrylamide and xanthan gum is good foam 

stabilizer in the use of drilling fluid [14]. They are also good 

flocculants and tackifiers in the use of sand fixation. Because 

the natural water containing different metal ions，the amount 

of ions in the water will inevitably affect the properties of 

polyacrylamide and xanthan gum. Therefore, we respectively 

mixed four kinds of polyacrylamide (NPAM, CPAM, 

AmPAM and HPAM) with XG to form supramolecular 

polymer, to research the effect of metal ions on the rheological 

properties of the mixed solution and its mechanism by DV3T-

LV rheometer, so that we can clearly understand the effect of 

metal ions on the rheology of PAM/XG mixed solution. 

2. EXPERIMENTAL

2.1 Materials 

XG was purchased from Handong Shenglong Chemical 
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Industry (China). PAM was purchased from Henan 

Hengsheng Water purification materials Co., Ltd. (China). All 

other reagents are of analytical grade. The KCl (A.R.), NaCl 

(A.R.), MgCl2 (A.R.) and CaCl2 (A.R.) were purchased from 

Tianjing Fuchen Chemical Reagents Factory (China). Freshly 

distilled water was used in all solution preparations. 

 

2.2 Solution preparation 

 

Take a certain amount of distilled water in proportion, and 

add polyacrylamide to distilled water slowly. The subsequent 

preparation conditions are as follows：stirring speed is 800 

RPM, stirring time is 30 minutes. Then add xanthan gum to 

the prepared polyacrylamide solution, and stir at high speed to 

make a mixed solution. The solution of metal ions should be 

dissolved in distilled water separately， then add it to the 

mixture of polyacrylamide and xanthan gum after it is 

dissolved. The prepared solution needs to be placed 24 hours 

stably to elminate residue and air bubbles. Before the 

experiment, the mixed solution of PAM/XG that containing 

different concentrations of inorganic salt metal ions should be 

stirred at low speed for 5 minutes after removing the bubbles, 

then conduct rheological tests to ensure the accuracy of the 

experiment. 

 

2.3 Methods and measurements 

 

The rheological measurement dates of all the samples were 

carried out by a DV3T-LV rheometer (Brookfield Inc, 

American). 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 The effect of different concentration ratios on its 

rheology  

 

 

 
 

Figure 1. Shear stress versus shear rate for PAM and XG 

mix solutions at various polymer concentrations tested at 

different ratios 

 

Select a solution with a certain concentration of 0.02%, and 

divide the xanthan gum XG and polyacrylamide PAM into 

proportions of 1:0, 1:2, 1:5, 5:1, 1:1, 2:1, 0:1. 

Figure 1 shows us the curve of shear stress and the curve of 

shear rate of XG and PAM in different scales. It can be seen 

from Figure 1 that anionic polyacrylamide and xanthan gum 

show little difference in rheological properties at different 

proportions, the combination of polyacrylamide and xanthan 

gum can enhance the rheological properties of the solution. As 

can be seen from Figure 1(a, b, c and d). The rheology of 

xanthan gum solution is very poor, the rheological property of 

polyacrylamide solution is much better than the mixed 

solution which mixed with xanthan gum. From Figure 1, it can 

be concluded that the ratio of rheological property is XG/PAM：
0:1>1:5>1:2>1:1>2:1>5:1>1:0. It shows that the ratio mixing 

system not only has a higher viscosity synergistic effect, but 

also has better salt-resistance than single solution. Therefore, 

we chose XG:PAM=1:1 as the basic research on the 

rheological properties of metal ions on the mixed solution. 

 

3.2 Effect of concentrations of different inorganic salts on 

steady shear viscosity 

 

3.2.1 The influence of inorganic metal ions on the rheology of 

HPAM and XG  

In this experiment, we selected four metal ions and added 

them to the HPAM/XG mixed solution. Their concentrations 

are 0.05% (500mg/L), 0.1% (1000mg/L), 0.5% (5000mg/L), 

1.5% (15000mg/L), 2.5% (25000mg/L) and 3.5% 

(35000mg/L), other components remain unchanged. As can be 

seen from Figure2a, 2b, with the increase of Na+ and K+ ion 

concentration, the shear stress also decreases and tends to be 
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stable at about 2.5%. And it can be seen from Figure 2c and 

2d,at high shear rates,Ca2+ and Mg2+ ions at the concentration 

of 0.05% have a great influence on the shear stress of the 

mixed solution, the impact range can be up to 50%.Meanwhile, 

with the increase of Ca2+ and Mg2+ ion concentration, the shear 

stress remains unchanged, It can also be seen from Figure 2 

that when the concentration of univalent metal ions increases 

to 2.5%, the influence on the rheological properties of the 

mixed solution remains the same as that of divalent metal ions 

at 0.05%. So It can be seen that the influence of divalent metal 

ions on HPAM and XG solutions is greater than that of 

monovalent metal ions. 

It can be seen from Figure 3 that the groups between HPAM 

and XG are connected into a spatial network structure in the 

form of hydrogen bond, which makes the molecular chain of 

HPAM / XG system very stretched in aqueous solution and 

can well control the fluidity of aqueous solution. When there 

are univalent metal cations(Na+、K+)in the mixed solution, 

cation inhibits the electrostatic repulsion between carboxyl 

ions in polyacrylamide molecules, then the hydrogen bond 

between HPAM and XG is broken, making the polyacrylamide 

molecule crimp, the higher the degree of hydrolysis (the higher 

the content of carboxyl), the more serious the molecular crimp 

of polyacrylamide in saline water, the worse the thickening 

property. When salt is added to the HAPM solution, whether 

it is monovalent cation or divalent cation, the viscosity of the 

solution will be reduced. Among them, divalent cations such 

as Ca2+ and Mg2+ have greater influences on the viscosity of 

HAPM solution than monovalent cations such as Na+ and K+. 

Especially when high-valent metal cations contact with it, the 

polar groups on the molecules will combine with counter ions, 

then the molecules lose their internal repulsion and shrink the 

coils, and reduce the hydrogen bonds between the polymer 

bonds and the interacting water molecules [15]. The network 

structure of extended macromolecules is destroyed, resulting 

in the reduction of effective diameter of molecules in solution 

and the decrease of solution viscosity [9]. The reason for this 

phenomenon is that divalent ions such as Ca2+ and Mg2+ can 

interact with carboxyl ions so that HAPM from the solution 

can be precipitated under certain conditions, and result in a 

significant decrease in the viscosity of the HAPM/XG mixed 

solution. 

 

 

 
 

Figure 2. Effect of Inorganic Metal Ions on Rheology of Mixed Solution of HPAM and XG 

 

 
 

Figure 3. The mechanism of metal ions on HPAM/XG 

supramolecular 

3.2.2 The influence of inorganic metal ions on the rheology of 

CPAM and XG 

It can be seen from Figure 4 that the rheology of the mixed 

solution of cationic polyacrylamide and xanthan gum is poor 

compared with other ionic or non-ionic polyacrylamide / 

xanthan gum solutions. when the concentration of monovalent 

metal ions is increased to 0.1%, it has little effect on the mixed 

solution of CPAM/XG, and rheology is basically same. When 

the concentration of monovalent metal ions increases to 0.5%, 

the shear stress of mixed solution decreased by about 2Pa, but 

did not continue to decrease with the increase of concentration. 

And the effect of divalent metal ions on the mixed solution 

shows that a small amount of divalent metal ions can reduce 

the shear stress by about 1Pa, and with the increase of the 

concentration of divalent metal ions, the shear stress does not 

change significantly. 
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Figure 4. Effect of Inorganic Metal Ions on the Rheology of 

CPAM and XG Mixed Solution 

 

 
 

Figure 5. The mechanism of metal ions on CPAM/XG 

supramolecular 

 

CPAM is a copolymer composed of cationic units and 

acrylamide non-ionic units. Its molecular chain has positive 

charge groups that can be ionized (-CONH2), which can be 

ionized into polycations and small anions in water, it can be 

adsorbed and bridged with suspended particles dispersed in 

solution, and has strong flocculation. In Figure 5, when CPAM 

and XG are cross-linked, PAM molecules will bridge between 

particles. In addition to electrostatic attraction between 

colloidal particles and XG, there are also non-ionic forces such 

as hydrogen bonds. Although the bonding energy of hydrogen 

bonds is relatively weak, due to the high degree of XG 

polymerization, the total number of hydrogen bonds is also 

large. Therefore, the strength of the bond is much greater than 

that of the single electric neutralization, which increases the 

strength of the floc. When the CPAM/XG mixed solution is 

interfered by metal ions, the adsorption vacancies on the 

particle surface decrease and the surface charge of the 

colloidal particles is reversed, the repulsive force between the 

particles increases, the bonding bond is weakened, and the 

adsorption bridging effect between the original particles is 

weakened, and the viscosity of the mixed solution decreases 

[15]. However, metal ions can only destroy part of the 

hydrogen bond between CPAM/XG, but CPAM/XG still has 

good antiionic stability compared with HPAM/XG mixed 

solution. 

 

3.2.3 The influence of inorganic metal ions on the rheology of 

AmPAM and XG  

It can be seen from Figure 6 that the mixed solution of 

zwitterionic polyacrylamide (AmPAM) and xanthan gum (XG) 

has a very high viscosity. With the addition of monovalent 

metal ions, its rheological properties also change, and when 

the concentration of monovalent metal ions is 0.05%, the shear 

stress can be reduced by 2Pa, and as the concentration of 

monovalent metal ions increases, the shear stress of the mixed 

solution also decreases. When the concentration of 

monovalent metal ions reaches about 2.5%, the shear stress of 

the mixed solution remains unchanged. It is obtained that the 

influence of monovalent metal ions on the mixed solution 

increases with the increase of metal ion concentration When 

the concentration of monovalent metal ions reaches a certain 

level, the salt resistance of xanthan gum has a good inhibitory 

effect. And it can be seen from Figure 6c and 6d that the 0.05% 

concentration of divalent metal ions can make the shear stress 

of the AmPAM/XG mixed solution drop more, and the drop 
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stress reaches 5Pa. As the concentration of divalent metal ions 

increases, the shear stress of the mixed solution decreases very 

little, indicating that a small amount of divalent metal ions can 

have a greater impact on the rheology of the AmPAM/XG 

mixed solution, but as the concentration of divalent metal ions 

increases, the salt resistance of the AmPAM/XG mixed 

solution The salinity is good and will not have a major impact 

on the rheology of the mixed solution. 

It can be seen from Figure 7 that AmPAM is a high 

molecular polymer containing anion and cation groups on the 

macromolecular chain. When AmPAM and XG are in contact 

with each other, they have a strong affinity. In addition to 

amide groups, AMPAM contains positive and negative charge 

groups. Its chain end molecules can stretch in water and bond 

with XG to form a spatial network structure to enhance water 

resistance, so the viscosity of the AmPAM/XG mixed solution 

is relatively large. When the shear rate of the AmPAM/XG 

mixed solution is low, it will cause chain extension and 

promote intermolecular association, which will greatly 

increase the viscosity, when the shear rate is further increased, 

the intermolecular association structure is damaged when the 

shear stress is greater than the association force. The shear 

effect mainly affects the intramolecular and intermolecular 

association states in the system. In general, viscosity decreases 

gradually with the increasing of shear rate in dilute solutions. 

When metal ions are infiltrated into the mixed solution of 

AmPAM/XG, it will cause molecular chain shrinkage and 

increase the proportion of intramolecular association [16]. 

Increasing the proportion of intramolecular association and 

applying appropriate shear force can offset this shrinkage, and 

show shear viscosity, but this offset is relative, continuing to 

increase shear stress will still reduce the viscosity. The 

rheology of the mixed solution is affected by the ionic degree 

[17]. The more ionic groups, the better the adsorption and 

bridging action with metal ions, and the better the flocculation 

ability. Too many ionic groups reduce the molecular weight of 

the polymer in the synthesis process, The network structure is 

weakened in this process, but the flocculation ability decreases. 

 

 
 

Figure 6. Effect of Inorganic Metal Ions on the Rheology of AmPAM and XG Mixed Solution 

 

 
 

Figure 7. The mechanism of metal ions on AmPAM/XG 

supramolecular 

3.2.4 Effect of inorganic metal ions on the rheological 

properties of NPAM and XG 

In Figures 8a and 8b, in the case of 200s-1, the shear stress 

of NPAM/XG mixed solution decreases with the increasing 

concentration of Na+ and K+ ions. Among them, the order of 

the effect of 0.05% concentration of Na+, K+, Ca2+ and Mg2+ 

ions on the shear stress of NPAM / XG mixed solution is 

Mg2+>Ca2+>Na+>K+, in other words, divalent ions are easier 

to reduce the viscosity of NPAM / XG mixed solution at high 

shear rate, that's because non-ionic polyacrylamide is a water-

soluble polymer or polyelectrolyte. In Figure 9, when NPAM 

is in contact with XG, a certain number of polar groups in 

NPAM molecular chain will form a large spatial network 

structure with XG through inter particle bridging or charge 

neutralization. When metal ions are in contact with NPAM / 

XG mixed solution, the non-ionic polyacrylamide NPAM is 

prone to hydrolysis and has anionic negative charge, and the -
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COO- on their molecules is very sensitive to salt, under high 

salinity and high shear conditions, the viscosity of the aqueous 

solution will drop significantly [18]. Under the action of 

electrostatic adsorption [19], the NPAM/XG complex will 

entrain and bind the metal ions on it, so it will curl, reduce its 

spatial frame and reduce its viscosity. 

 

 

 

 
 

Figure 8. Effect of inorganic metal ions on rheological 

properties of NPAM and XG mixed solution 

 
 

Figure 9. The mechanism of metal ions on NPAM/XG 

supramolecular 

 

 

4. CONCLUSIONS 

 

Metal cations will destroy the overall viscosity of the 

PAM/XG composite system. Under the same concentration 

conditions, the destructive power of monovalent ions is less 

than that of divalent ions. Under the condition of high shear 

rate, adding the same concentration of metal cations, the shear 

stress of CPAM/XG composite system does not change 

significantly with the increase of metal ion concentration, and 

the shear stress of other composite systems changes greatly. 

The metal ions in the water will destroy its spatial network 

structure and reduce its foam stabilization time or weaken its 

viscosity when the PAM/XG conforming system is used as a 

foam stabilizer for drilling fluids or as a connecting agent for 

sand-fixation serous. 
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