
In the presence of salts like sodium halides, KCl or urea, the 

thermograms for guar gum dispersions exhibit two separated 

peaks.  

The higher temperature endothermic peak  at around 1°C  has 

the larger enthalpic contribution and corresponds to free water 

melting, similarly to the endothermic peak of pure guar gum 

dispersion.  

The lower temperature peak (between –30 and -5 °C) shows a 

smaller enthalpy contribution (about 20 J/g) and is generally  

ascribed to the melting of freezable bound water.  
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The thermal and rheological behaviours of three different polysaccharide aqueous dispersions (guar gum, sodium alginate and sodium hyaluronate) were investigated in order to evaluate their performance as 

viscosity-modifiers for water-based, green fracturing fluid formulations. Differential Scanning Calorimetry (DSC), Thermogravimetric Analysis (TGA) and viscosity measurements were performed in the presence 

of different salts and co-solutes (NaF, NaCl, NaBr, NaI, Na2SO4, NaSCN, NaClO4, Na3PO4, Na2HPO4, NaH2PO4, KCl, trehalose and urea).   

Physico-chemical properties of green hydraulic fracturing fluids for 
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The aim is the formulation of greener fracturing fluids 
for shale gas extraction in European basins 

• Water as base fluid 

 

• Polysaccharides as green viscosizing agents 

• Salts as additives to modify viscosity 

Guar Gum, MW=2 MDa 

Dispersion 1% w/w 

Sodium Alginate, MW=24 kDa 

Dispersion 1% w/w 
Sodium Hyaluronate MW=2 MDa 

Dispersion 1% w/w  

1. Vertical drilling  

2. Kick off point  

3. Horizontal drilling 

4. Perforating the well 

5. Completion phase 

6. Fracturing shale formations  

(Hydraulic fracturing fluids) 
7. Hydrocarbons released 

 

The hydraulic fracturing process  

In the case of 1% aqueous dispersions the DSC heating curves 

show a single endothermic peak.  

It corresponds to the free water melting and occurs at a 

temperature of 5-10 °C. The shift of this peak towards higher 

temperatures compared to that of pure water (0°C) can be 

related to a kinetic effect.    

Tmf (°C) ∆Hmf (J/g) 

Guar Gum 1% 10.09 320.7 

Sodium Alginate 1% 7.88 307.3 

Sodium Hyaluronate 1% 5.07 155.5 

The lowering of the peak temperature for the 

endotherm associated to free water melting in 

the presence of salts can be explained in 

terms of freezing-point depression. However a 

specific salt effect is recorded. 

The nature of the salt and its concentration 

affect the temperature of the peak related to 

freezing bound water as well. The higher the 

peak temperature of the signal, the higher the 

interactions between the polysaccharide 

molecules (aggregation through hydrogen 

bonding) and the higher the water mobility.  

The thermogram of the sample prepared 

with Na2HPO4 exhibits a shoulder on the 

higher temperature side of the endothermic 

peak related to the free water melting at 

about 20°C. It can be correlated to a phase 

transition between two different structures of 

guar gum induced by the presence of 

Na2HPO4. 

Despite their different composition and 

structures, sodium alginate and sodium 

hyaluronate dispersions show a thermal 

behaviour which is analogous to guar gum in 

the presence of the same salts and co-solutes  

The peaks between 60 and 120 °C 

correspond to water evaporation. 

 

In all cases the peaks show two or three 

contributions, that are related to the different 

interactions between water molecules and 

polysaccharide chains. 

 

The presence of a salt or a co-solute modifies 

the shape and the position of the water 

evaporation peak. 

All the polysaccharide dispersions show a Non-

Newtonian behaviour, and the viscosity trend is: 

 

Hyaluronate  > Guar Gum >  Alginate 

 

Flow curves are well-fitted according to the 

Yasuda-Carreau model, and the values of Zero 

Shear Rate Viscosity is extrapolated. 

1. Guar gum, sodium hyaluronate and sodium alginate aqueous dispersions show a 
similar thermal behaviour, albeit their different composition, structure and net 
charge. 

2. DSC and TGA experiments demonstrate that the presence of salts or co-solutes 
modifies the interactions between water molecules and polysaccharide chains. 

3. Rheological measurements show that sodium hyaluronate dispersion has the highest 
viscosity, followed by guar gum and sodium alginate.  

4. Salt or co-solute addition induces a decrease in dispersion viscosity. 
5. Only trehalose shows a viscosity enhancing effect in the polysaccharide systems.  
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Types of water in polysaccharide water 
dispersions 

• Non-freezable bound water is closely associated with the 

polysaccharide chains and does not “appear” in a DSC 

thermogram. 

• Freezable bound water is the fraction bound to the matrix 

less closely and shows a melting peak remarkably different 

from that of bulk water. 

• Free water shows similar melting temperature as that of bulk 

water.  

Rheology 


