
 

Particle growth of nano-silica below the isoelectric point

Citation for published version (APA):
Lazaro, A., & Brouwers, H. J. H. (2015). Particle growth of nano-silica below the isoelectric point. P1.282-.
Poster session presented at conference; Fourth International Conference on Multifunctional, Hybrid and
Nanomaterials (Hybrid Materials 2015); 2015-03-09; 2015-03-13.

Document status and date:
Published: 01/01/2015

Document Version:
Accepted manuscript including changes made at the peer-review stage

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023

https://research.tue.nl/en/publications/5180406e-b2cb-43d9-98c8-ade2896df7f1


 

 

 

 

 

 

      Figure 1. Silica produced over time for the particle growth experiments. 

 

 

 

 

 

 

  Figure 2. Growth of silica particles during the dissolution of olivine. 

The cluster size of silica increased exponentially with time. The growth rate of 
silica accelerated with the increase of the hydrogen ion concentration and 
amount of nano-silica released. 

 
 
 
 
 
 
The evolution of the silica solubility reaches a maximum at the early stages of 
the experiment. Subsequently, the concentration of soluble silica slowly 
decreases over time due to the nucleation and formation of colloids, reaching a 
constant value around 100 ppm. 
 

Conclusions 
The cluster size of olivine silica grows up to 420 nm after 4300 minutes of 
reaction at 20 ˚C in 2M H2SO4 solution. The particle growth should be much 
faster under the production conditions of olivine nano-silica (90 ˚C and 3M 
H2SO4), which cause olivine to dissolve within 4-6 hours. 
Olivine nano-silica does not gel. This behavior of olivine silica can be due to 
three reasons: 
1) silica polymerizes fast at 90 ˚C in 3M H2SO4 solution, forming particles 

above 100 nm in a short time; 
2) the concentration of small silica colloids is low; 
3) the reactor is vigorously stirred. 
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Current production of nano-silica 
Nano-silica is one of the compounds that is boosting the field of nano-materials 
with an annual rise of 5.6 % reaching 2.8 million metric tons in 2016 and with a 
total value of $6.4 billion [1]. The current production methods involve steps with 
high temperatures. To reach these temperatures huge amounts of fuel are 
consumed making these processes: a) non-sustainable because of the 
scarcity of fuels; b) not environmentally friendly because of the huge amount of 
CO2 emissions released; and c) expensive because of the fuel price. 

  
Production of olivine nano-silica 
Initial research has demonstrated that nano-silica can be produced by dissolving 
olivine in acid at low temperatures. The acid is neutralized by olivine mineral, 
according to: 
 
 
The neutralization yields a slurry consisting of magnesium/iron salts, silica and 
unreacted silicates (more details in [2, 3, 4]).  

 
 
 
 
 
 
 
 
 
 
Featured article and cover of the Chemical Engineering Journal [2]: The properties of amorphous nano-silica 
synthesized by the dissolution of olivine. 

 
Experimental Methods 
The particle growth of silica during the olivine dissolution (negative pH) was 
investigated using olivine. These experiments were carried out at 20 °C in a 
vigorously stirred reactor of two liters with sulfuric acid. The experimental 
variables were the concentration of sulfuric acid and surface area of olivine (see 
Table 1). The silica particle size (or cluster size) was measured with a Malvern 
ZS after passing the samples through a filter of 1 µm in order to avoid the 
presence of olivine particles. 

Table 1. Conditions of the nano-silica polymerization experiments. 

 
 
 
 

 
 
 
 
Results 
Figure 1 the concentration of silica produced during the dissolution of olivine in 
the polymerization experiments. Figure 2 presents the average particle size of 
silica over time.  
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NS-PO-2 50 307 116 0.09 9.0 4.0 20 

NS-PO-3 50 307 116 0.09 9.0 2.0 20 

NS-PO-4 100 613 116 0.09 18.0 3.9 20 

NS-PO-5 70 429 116 0.09 12.6 3.9 20 

NS-PO-6 70 429 116 0.09 12.6 4.1 20 

[Si]eq refers to the equivalent concentration of silica from the olivine amount, SSAG geometric specific surface area, 
and SAT total geometric surface area of the olivine in the reactor. 
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Figure 3. Concentration of soluble 
silica in the solution at early 
reaction times. 
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