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How heavy is a particle? 
Size analysis beyond equivalent diameters.



Real particles have curves



The Hidden Flaw in Particle Analysis
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What current
analyzers assume:

What actual
particles look like:

The mass is a well-defined, fundamental 
and intrinsic property of a particle.

´§ÑĊÚ»þ[Ñ ­ áĢ-15 g

éÆsÚ»þ[Ñ ­ áĢ-12 g

Carbon nanotube: 0.1 fg

Colour pigments: 20 to 100 fg

Lithium cobalt oxide: 500 pg

Size is not only a diameter but also a mass



The PowMaster  instrument requires aerosolized particles
 Sample preparation defines which structural level is analyzed

Wet dispersion
  Suspension in fluid Ą sonication 400 J/ml Ą Spray dispersion
  Ą isolation of aggregates

Dry dispersion
  Powder Ą Aerosolization Ą Deagglomeration in Venturi nozzles

Direct sampling from reactor

3 Primary particles

Aggregates

Agglomerates

Parallel analysis of mass and diameter



Centrifugal Particle Mass Analyzer

Centrifugal force vs
electrostatic force4

Parallel analysis of mass and diameter
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Centrifugal Particle Mass Analyzer

Centrifugal force vs
electrostatic force

Particle mobility size analyzer

Electrical force vs
drag force5
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Sheathair flow

Particle
counter

Particle
flow

Exhaust

Parallel analysis of mass and diameter
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Base data and the femtoG fingerprint 
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Measurement:
+ 10 minutes per scan
+ 600 datapoints
+ 4.7 mio. particles counted

Overall statistics:
Vm50: 31 fg
V d50: 274 nm
V 50: 2.9 g/cm 3

Exemplary data product:
ü1 gram of powder contains
   1.8 Ā 1013 single particles

Iron red pigment (Fe 2O3, dpp: 90nm)



Aggregation level of color pigments
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Median 
mass

Median
diameter

Particles per 
gram

«Fractal»-
index 

400nm sphere @ 5.0 g/cm3 

msphere:  167 fg 
 Ą isolated «spherical» 

particles

109 fg 380 nm 2.2 · 1012 /g 2.97

90nm sphere @ 5.0 g/cm3 

msphere:  1.9 fg
Ą fractal -like aggregate

31 fg 274 nm 18 · 1012 /g 2.71

Particle mass

Isolated particles dpp: 400 nm

Low aggregation level dpp: 170 nm

High agg regation level dpp: 90 nm

Particle mass / fg
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Aggregation level of color pigments
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Particle mass

Isolated particles dpp: 400 nm

Low aggr egation level dpp: 170 nm

High aggr egation level dpp: 90 nm

dpp: 27 nm

Mid aggr egation level

High aggr egation level

dpp: 27 nm

Low aggr egation level

dpp: 27 nm

Particle mass / fg

Furnace blacks

Iron reds
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Impact of primary particle size
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Particle mass

Isolated particles dpp: 400 nm

Low aggr egation level dpp: 170 nm

High aggr egation level dpp: 90 nm

dpp: 27 nm

Mid aggr egation level

High aggr egation level

dpp: 27 nm

Low aggr egation level

dpp: 27 nm

Particle mass / fg

Furnace blacks

Iron reds
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Particle
diameter

Change in
primary particle size:
Ą higher sphericity
Ą higher fractal index
Ą lower aggregation level
Ą less pore volume

Change in
aggregation level:
Ą constant sphericity
Ą constant fractal index
Ą heavier and larger 

particles
Ą lower density 
Ą higher pore volume



Destruction of core-shell particles
TiO2 - white pigment

ÅMechanical stress can lead to the delamination of up to 50 % of
the silica shell from the TiO2 core particles

ÅDetecting this delamination is practically not feasible with
established particle size analyzers
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mechanical
stress

TiO2 + fluffy silicaUncoated TiO 2



Destruction of
core-shell particles
ÅTwo distinct particle populations
ÅDifferent packing density
ÅDifferent optical properties
Ą Diameter is hard to detect
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sheared-off 
silica TiO2 - core

Median mass
m50

0.27 fg 48.8 fg

Median diameter
d50

80 nm 341 nm

Median density
ʍeff,50

1.02 g/cm³ 2.35 g/cm³

mechanical
stress

(femtogram ; 10-15 g)



Destruction of
core-shell particles
ÅParticle massand number are absolute 

quantities
Å signal intensity, light transmissionz ­ 

ÅIntegration yields total number of particle
per gram product
Å«particle concentration in a powder »
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Total particle number 4.8 1013 part. / g

sheared-off silica

Silica particle number 3.7 1013 part. / g

Number-fraction 76.4 %

Mass-fraction 2.2%

(femtogram ; 10-15 g)

mechanical
stress



Destruction of
core-shell particles
ÅParticle density changes with size
Ą no ideal spheres
Ą comparison with other sizing methods
Ą mass-diameter correlation as proxy for

sdf-f particle structure

mass= preF 10-6 diameterDf

ÅpreF­ density pre factor in fg/nm³
ÅDf ­ ÷fractal dimensionø

ÅDfsphere: 3
ÅDfplate: 2
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m = ĸ/6 ň đîČ¶»ćsÑĎ ň dia³

(femtogram ; 10-15 g)



Delamination of coated TiO2
samples from 3 producers
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ÅQuantitative analysisof stability of core-
shell structure

ÅMajor differences in pigment quality
from different producer

Degree of
delamination

°
JÆÍÆs[Ñ[āāÓ´þ[sĊÆÚÖ

áĢĢíÓLÆ?đsÚÖĊ§ÖĊ

mechanical
stress



Health and Safety
and Regulation
ÅIs this a nanomaterial according to the

Åmore than 50% of particles <100nm
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Energy 
input

Nanoparticle content

Relative Absolute

0 J/ml 18% 0.3 1013 NP/g

50 J/ml 30% 0.8 1013 NP/g

100 J/ml 37% 1.2 1013 NP/g

200 J/ml 43% 1.6 1013 NP/g

400 J/ml 52% 2.5 1013 NP/g

800 J/ml 54% 2.7 1013 NP/g

(femtogram ; 10-15 g)

nano not -nano



picoG Ƭfor the really heavy particles

ÅSingle particle detection by
acoustic impaction

ÅIncreasesthe measurement range
of PowMaster to 100 µm

16 Joint development with Prof. Ernest Weingartner



Two instruments for the full range
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Dr. Jörg Wieder Dr. Franz Friebel
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How about your powders?
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Detection of individual 
particles

Fast & real-time 
measurements

Multiparameter 
quantification

No assumptions 
needed

Multi -component 
systems with ease

Strong counting 
statistics



Spheroidized Graphite

19

10 µm



Measurement specifications
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Scan range: 0.0002  ̄200.000 fg (~5  ̄5.000 nm)

Scan time: 5  ̄15 mins

Good statistic : counting millions of particles per scan

Sampling: powder, suspension, directly from reactor

Deagglomeration intensity: variable



Effective density: A proxy for structure
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Particle mass
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Effective density =
Enclosed volume

Mass


