
Acknowledgements

Casper Lindberg, Manoel Manuputty, Jethro Akroyd, Markus Kraft

Contact csl37@cam.ac.uk

This project is supported by the National Research Foundation, 

Prime Minister’s Office, Singapore under its CREATE programme. 

This poster presents work from the CAPRICORN work package.

Illustration of the burner setup (premixed flat 
stagnation flame) simulated in this study.
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6 KEY REFERENCES

Detailed population balance modelling of titanium 

dioxide nanoparticles in a premixed stagnation flame
The premixed stagnation flame synthesis of titanium dioxide nanoparticles from titanium tetraisopropoxide (TTIP) is modelled using a two-part simulation 
capable of resolving the complex morphology of aggregate particles. The methodology facilitates simulation of quantities that are directly comparable to 

experimental observations and enables modelling of processes that require a detailed description of particle morphology.

Burner configuration

o The two-step simulation methodology enables the 
complex aggregate morphology to be resolved.

o The detailed particle model facilitates direct 
comparison with experimental observation.

o Morphology dependent processes can be studied e.g. 
sintering and crystal phase transformation.

o The methodology and detailed particle model can be 
extended to the study of other nanoparticles e.g. soot.

Particle processes
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• An aggregate is composed of primary particles 
represented as overlapping spheres.

• Primary coordinates are tracked.

• The level of sintering between primaries is resolved 
by their centre to centre separation.
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A typical TEM image of 

stagnation flame synthesized 
TiO2  aggregates.

3 SIMULATION METHODOLOGY

• A detailed particle model is needed to simulate the complex 
aggregate morphology of flame synthesized TiO2.

• Free molecular collision of two 
Ti(OH)4 molecules in the gas-
phase.

• Free molecular collision between Ti(OH)4

and a particle.
• Mass added to the particle free surface.

• Ballistic cluster-cluster 
aggregation with a random 
impact parameter.• Grain-boundary diffusion.

• Primary particles grow to conserve mass.

Inception

Condensation

Sintering

Coagulation

• TTIP-doped premixed 
C2H4/O2/Ar flame.

Two-step simulation methodology.
Evolution of aggregates

Experimental (left) and simulated (right) TEM images.

Simulated flame temperature profile and predicted average number of 
primaries per particle. Simulated TEM snapshots along flame.

• The model predicts 
aggregate formation as the 
temperature decreases near 
the stagnation surface.

• The rate of sintering slows 
relative to the coagulation 
rate.

Two-step methodology

• The post-processing 
step reproduces the 
moments obtained in 
the first simulation.

Particle evolution

TEM images

• Simulated particle morphology agrees 
qualitatively with experimental 
observation.
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