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This approach has been developed through light scattering experiments.
• Is it legitimate to use this approach when working on binary projections from TEM micrographs?

TEM micrographs give access to the outline of the aggregate by measuring the perimeter of the 
projection. 
• Is it worthy to combine the information of mass and outline of the aggregates to describe the 
morphology?

MASS AND PERIMETRIC FRACTAL DIMENSIONS FROM VARIOUS  APPROACHES

SENSITIVITY OF DfM AND DfP TO THE MORPHOLOGY OF AN OBJECT (Covering Box Method)

APPLICATION TO NATURAL AND ANTHROPOGENIC COMBUSTION  AEROSOLS

Projected arborescence of 
a tree (planar fractal object)

TEM micrographs of soot aggregates 
(left: soot emitted by a CAST burner; 
right: soot emitted by an aircraft engine)

Combustion aerosol particles usually result of the aggregation of primary particles and present more or less compact morphologies. They are quasi-fractal 
objects since the self-similarity is not respected at all scale of observation. The commonly determined fractal dimension (Df), which is based on a mass 
definition, aims to quantify the distribution of the mass within aggregates. 

Model objects having:
• the same area (the mass is 
differently distributed)
• an increasing outline from n°1 to 3

Object n°1 Object n°2 Object n°3

(d) Jet A1
(CFM56-7B engine)

SEM and TEM micrographs of soot 
aggregates from different combustion sources

Statistical study
(populations of aggregates)

Individual soot aggregates (Covering Box Method)

DfP is more sensitive than DfM to the differences of morphology shown by 
these aggregates. From TEM micrographs analyses, DfP appears more 

suitable to distinguish them when originating from different sources.

Small variation of DfM values for 
soot aggregates originating from 

various combustion sources.

Soot aggregates have more or less rough morphologies that can be quantified by the fractal dimension.
• The mass fractal dimension DfM and the perimetric one DfP seem to be complementary since they give 

different information, respectively the repartition of the mass and the roughness of the outline.
• From an individual point of view, DfP is more appropriate to acquire information about the aggregate’s 

morphology from TEM micrographs than the commonly used DfM because the “mass” information is 
partially or fully lost. The statistical study needs to be completed.

• Shape factors might be additional parameters to complete the morphological description of soot 
aggregates. They are under investigation.

Statistical approach of an assembly of aggregates
focuses on the power law dependence of various characteristics [1-5]

Single aggregate approach : covering box method
focuses on the scale law of an aggregate [6-7]

a: box size (dp � a  � dg)

C(a): number of boxes matching 
the object (mass/perimeter)

P : perimeter
A2D : projected area
dg : gyration diameter
dp : primary particle diameter
Npp : number of primary particles
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(a) Biomass [8] (b) Diesel [9]

(c) CAST burner
(CAST 5201TM)

Perimetric approach
(no assumption)

Mass approach 
(assumption on Npp)

( kf ; DfM ) ( kfP ; DfP )�

Perimetric approach

DfP

Mass approach

DfM �

a

DfM : low sensitivity to the repartition of the mass DfP : good sensitivity to the objects’ roughness� �
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