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Report: 

Attractive interactions in colloidal systems can lead to the formation of gels (1, 2). Understanding and 

controlling this process is crucial to numerous technologies in a diverse range of areas from food processing, 

pharmaceutics and ceramics. Colloidal silica is nontoxic and can be found, for instance, in construction 

materials, paints and food products. The system is also well characterised, which makes it an excellent choice 

to study the gelation process. One of the ways to induce gelation is to add salt to the dispersion of silica 

particles. We had observed that the timescales of gel formation are very different depending on the 

counterion, so the time to form a gel with equivalent concentrations of NaCl and KCl can vary by a factor of 

five. The aim of the proposal was to study the local structure of the gels at the end of the gel formation 

process and as a fucntion of time with different salt concentrations and particle volume fractions with both 

NaCl and KCl. We find an unexpected dependence of the structural transition time as a function of the 

volume fraction of particles, that is still to be fully explained. We also show that the concentration and type of 

salt used, only has an influence on the timescales of gel formation but not on the structure or mechanical 

properties of the final gel.  

 

Samples measured and data treatment 

We have measured samples with a silica concentration  of 2, 4, 9, 12, 17 vol% and an added salt 

concentration cs of 100, 200, 300 or 500 mM, either NaCl or KCl. Samples have been prepared 1 and 2 weeks 

prior to experiments to acces structure after an equilibration period, and they have also been prepared on site 

to access the kinetics immediately and within days of preparation.  

The form factor  of the silica particles was calculated from the scattered intensity  of 

dilute solutions with high salt concentration (where the electrostatic interaction is screened, and the structure 

factor can be considered equal to 1). Its uncertainty was estimated from the difference between various 

individual curves. The structure factor is then obtained as .  

 

Static Structure 

We have measured the structure factors S(q) of the different samples once they have stopped evolving. 

Figure 1 shows the structure factor S(q) as a function of q for five different  values, 300 mM of either NaCl 

(solid lines) or KCl (dashed). All samples shown form solid-like gels within a few days. 

Above 0.02 Å
-1

, all structure factors are very similar, indicating that the liquid order is hardly 

influenced by the concentration of particles or type of salt used. However, at lower q values, (over larger 

length scales) they become very different. The form of the S(q) changes strongly with : the lower the 

concentration, the steeper the slope is. There is no clear dependence on salt concentration. 

The low q-dependence for gelled samples can be linked to their fractal dimension, which in turn is 

specific for a given gel formation process. The S(q) of the samples with  = 2 and 4 vol% decay as q
-2.1

, a 



 

value typical for a gel formed by reaction limited aggregation (3, 4), showing that, even at the highest cs (500 

mM) and for both types of salt, the electrostatic repulsion between the particles remains important.  

Increasing the packing fraction leads to a change in the structure factors, which deviate strongly from 

the q
-2.1

 behaviour. The fractal nature of the aggregates is reduced, as the q dependence becomes increasingly 

flat. This is in agreement with what has been observed in particle and lattice simulations (5). 

For the salt specific effects, we can note that with a fixed cs = 300 mM the counterion type seems to 

have more influence on the structure as  increases, however this is the case only with the data set shown. It is 

true for all the data that the variation in the low q behaviour from one salt concentration to another is more 

important at higher TMA. This means that all the graphs at 2 or 4 vol% are almost identical (for all cs), while 

they show important, but random, variation at 12 and 16 vol%. 

 

Figure 1: Structure factor S(q) 

changed with q at different volume 

fraction of TMA (Φ=2%-16%), 

300mM salt, NaCl with solid line 

and KCl with dashed line. (b) α 

changed with the volume fraction 

of TMA at all salt 

concentrations(100-500mM). 

 

 

Kinetics 

The kinetics at the local scale is followed with the measurements of the S(q) in time. We can see the 

evolution of the S(q) after sample preparation in Figure 2(a) for a sample with  = 12 vol% and cs = 200 mM 

NaCl. At short times the S(q) is typical for a fluid sample. With time, the low-q structure factor increases 

indicating structuration at larger length-scales, and can indicate the formation of a gel.  

In order to quantify the time scales of change, we characterized the evolution of the samples by 

plotting the structure factor at a fixed scattering vector (q0=0.005 Å
-1

) as a function of sample age: S(q0, t). 

The evolution of S(q0) is shown in Figure 2(b). From such curves we extract the inflection point of the curve 

defined as τX, which is used as an estimate of the transition time. Therefore τ
X
 is the characteristic time linked 

to the arrest of the structural evolution at q = 0.005 Å
-1

 (corresponding to 1256 Å, about 5 particle diameters). 

Figure 2: (a) S(q) for a sample 

with 12 vol% TMA, 200 mM 

NaCl, at three times after 

preparation. For clarity, error 

bars are only shown for one 

curve. The solid red line is a 

power-law fit (see text). (b) Time 

evolution of the structure factor S 

(q=0.005 Å
-1

) for the same sample 

(dots) and fit with a sigmoidal 

function. The estimated transition 

time τX (16.26 hours) is indicated. 

We have measured the τ
X
 for all the sample and plotted it for both salts in Figure 3. These have been 

compared to gelification times measured by macroscopic sample observation. The macroscopic time is 

theoretically expected to evolve with  with a power law of -1.7 and is experimentally found to do so. 

If we estimate the time it takes for the structure to stop evolving and compare it with the gel formation 

time we can see that for most of the samples the gel becomes stress-bearing much before the structure has 

been fixed at the scale of a few colloidal particles.  



 

Interestingly, the τ
X
 decrease more weakly with  than the macroscopic times and at no point could we 

describe it using a power law of -1.7. Of course there is no reason why a local structural transition should 

evolve in the same way as the macroscopic yield stress. At the moment we do not know what could be at the 

origin of the weaker  variation of the τ
X
. An article based on these results has been submitted (6).  

Figure 3: Transition times obtained from 

SAXS measurements (τX) at different TMA 

volume fractions and salt concentrations. 

100mM NaCl( squares ), 200mM 

NaCl(circles), 300mM NaCl(triangles),  

500mM NaCl(diamonds). Filled symbols 

correspond to NaCl and empty ones to 

KCl.  
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