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The kinetics of alginate fluid gel formation has been studied and the mechanism describing the 

production using a defined shear field is proposed.  

Fluid gels with larger particles, produced at a lower shear rate, displayed enhanced viscosities 

compared to those of fluid gels containing smaller particles. It is thus demonstrated that the applied 

shear rate determines particle size and consequently its viscosity. The applied shear rate 

dependence of the viscosity increase (∆ŋ) during the ordering transition can be fitted using a power-

law relationship (Fig.1). Furthermore, a first order kinetic equation has been used to describe the 

kinetics of inter-particle interaction post-processing (Fig.2). The rate of the reaction has been shown 

independent of the applied shear rate (Table 1).  

 
 

Fig. 1. Double logarithmic plot of the viscosity increase (∆ŋ) as 

    function of applied shear rate during alginate fluid gel formation. 

 

  

 



 

Fig. 2. Increase of elastic modulus (G’) with time for fluid gels            Table 1. Kinetic parameters representing particle interaction after fluid  

produced from 1%w/w  alginate, 15mM CaCO3,                                        production. Relative rate of ordering (Ke) is independent on applied   

at different shear rates immediately after production.                         shear rate. 

  

Fluid gel formation was also investigated with a range of CaCO3 concentrations. This was carried out 

with two alginate samples of different molecular weights but with comparable Guluronate 

(G)/Mannuronate(M) ratios. Fluid gels formed from high molecular weight polymers exhibited 

greater viscosities, faster sol-gel transitions, as well as higher ∆ŋ during formation (Fig.3-Fig.4). This 

suggested higher chain density between the cross-linkers.  Results revealed that the ∆ŋ during 

production increased significantly with greater CaCO3 doses until a saturated concentration, 

corresponding to the critical mole fraction ratio (R[Ca]/[G]), was reached. This critical R[Ca]/[G] value was 

found to be 0.5 for both alginate samples and it is required for strong alginate inter-chain interaction 

to occur. This work has shown that desirable properties can be achieved by the choice of alginate 

molecular weight even at the same G/M block composition.   

       

Fig. 3. Viscosity increase (∆ŋ) during formation for FG                                        Fig. 4. Viscosity increase (∆ŋ) during formation for FG  

produced from low Mw alginate (1%w/w), 15mM CaCO3,                                                          produced from high Mw alginate (1%w/w), 15mM CaCO3, 

at a range of CaCO3 and 800s
-1

 applied shear rate.                                              at a range of CaCO3 and 800s
-1

 applied shear rate.                                     

 

 Applied shear rate [s
-1

] 

Parameters 50 200 500 800 

G’∞ [Pa] 17.61 14.73 12.51 11.51 

G’0 [Pa] 11.04 6.72 5.44 4.24 

Ke [s
-1

] 0.0002 0.0002 0.0002 0.0002 

R² 0.984 0.998 0.995 0.998 
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