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Generation and traceable electron-microscopic characteri-
zation of monodisperse silver aerosols for CPC calibration
T. Klein1, T. Tuch2, D. Bergmann1, E. Buhr1 and A. Wiedensohler2

1. Particle Measurement Program (PMP)

· Limits for the number of particles that may be emitted from cars (Euro 5+6)

· Aim: To define the method to measure the number of emitted particles based
on a CPC

· Prerequisite: Determination of the sensitivity curve of the CPC

· Requirement: Detection efficiency of at least 50% for 23-nm particles and 90%
for 41-nm particles

2. Traceable calibration of CPC
detection efficiency

· Requirement for legislative measurements and for type approval

· Non-traceable calibration using a reference DMA not sufficient

· May be accomplished using a reference aerosol with known number concen-
tration and particle size [1]

3. Aerosol generation

· Silver droplets are vaporized from silver granulate in a tube furnace [2]

· Subsequent dilution, sintering and cooling steps

· Monodisperse size fractions may be classified by means of a DMA

· Deposition on TEM grids using an ESP [3] for TSEM measurements

(a)

(b) (c)

Figure 1: Scheme of the aerosol generation and measurement (a) together with
size distributions of the aerosol as generated for various oven temperatures (b)
and after classifying by DMA (c).
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4. SEM in transmission mode (TSEM)

· Resolution superior to other SEM imaging modes [4]

· Accurate simulations based on fundamental scattering theory [4]

· Possibility of traceable size measurements of nanoparticles [5]

· Automated image acquisition by batch processing

· Commercially available transmission detector in a Zeiss Supra 35 VP

Calibration of SEM pixel size:

· 2D-grating with 144 nm pitch (150-2D from ASM Inc.)

· Grating pitch traced back to the SI unit “meter” by laser diffraction

Figure 2: Schematic drawing of
transmission detector consist-
ing of seperate dark-field and
bright-field semiconductor de-
tector elements, image courtesy
of Carl Zeiss NTS GmbH.

5. Preliminary results

· TSEM - Traceable mean diameter of a sphere exhibiting the same projected
area: 37.4 nm with an expanded uncertainty of 1.8 nm

· SMPS - Mean mobility diameter: 42.1 nm

· Good homogeneity and allocation across the TEM grid
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Figure 3: Particle size distribu-
tion as measured by TSEM (a)
and SMPS (b). TSEM micro-
graphs reveal good homogene-
ity and allocation (c).

6. Conclusion

· Legislative demand for traceable calibration of detection efficiency of SMPS

· Usage of monodisperse silver aerosol

· Traceable size measurements by means of TSEM
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