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In many cases, measurement of particle size and 
concentration depends on the knowledge of the 
distribution of charges they have acquired, either 
naturally or from a neutraliser. Since the use of 
radioactive materials such as 85Kr is often a constraining 
factor in the lab, alternative commercial charging 
devices, relying on soft X-ray or AC corona discharge 
for ionization, have recently been developed. As shown 
on Fig. 1, it has been previously experimentally 
demonstrated that such variations in neutralization 
techniques lead to different charging characteristics 
(Swanson et al., 2012). Direct measurement showed that 
different neutralisers produce ions with  different 
electrical mobility distributions, but the standard Fuchs 
charging theory failed to explain the observed charge 
distribution discrepancies between the neutralisers, even 
when the known mobility was used as an input. 
   

Figure 1. Inverted size distributions measured with an 
SMPS using 4 different neutralisers. Source particles are 

spherical silver particles.  
 
 In Fuchs theory, it is assumed that spherical 
particles interact with a cloud of bipolar ions of known 
and uniform characteristics in terms of mass, electrical 
mobility, and ratio of positive to negative ions (Fuchs, 
1963). This steady state assumption is a useful closure 
relation that enables a rapid calculation of the charging 
state. Subsequent to this model, others such as Alonso 
and Alguacil (2003) have developed the theory to 
account for non-steady effects. They showed that in the 
case of a cylindrical charger with an alpha particles 
source on the wall, the unsteady effects of diffusion 
losses tend to make the extrinsic efficiency of the 
neutraliser smaller than its experimentally measured 
charging probability. On the other hand, the attraction 
between a given ion and a given particle is described by 
the ion-aerosol attachment coefficients. So far the effect 
of electrical mobility on the derivation of the attachment 

coefficients has only been investigated by varying the 
mean ion mobility in the model. The objective of this 
work is to investigate two modifications to the existing 
bipolar charging theory in order to improve the 
understanding of the mechanisms responsible for 
charging inside three commercially available 
neutralisers.  
 The first modification is to consider that steady 
state is not reached within the neutraliser due to ions 
diffusion losses to the neutraliser wall, as a result, the ion 
properties are no longer considered uniform along the 
neutraliser. Transport equations for particles of each 
polarity and for ions are derived from charge 
conservation equations, and solved using a forward 
numerical method. Alonso and Alguacil’s (2003) model 
is therefore extended to neutralisers of more complex 
geometries, relying on different ionizing sources (beta 
particles and soft X-rays). Multiple charging has also 
been implemented into the model. 
 The second modification is related to the 
derivation of the ion-aerosol attachment coefficients. It is 
well known that ions of a wide mobility range are 
generated within a neutraliser. Ion mobility was 
therefore not treated as a discrete parameter, but as a 
stochastic variable. It was then possible to identify which 
kinds of ions actually control the charging process. 
Calculated results show that ions with a very high 
mobility generally have a higher overall charging 
activity than ions with a smaller mobility, despite the 
latter having a higher concentration. 

Results of the numerical simulations are 
compared to the experimental trends to determine 
whether the physical explanations used to justify the 
theoretical modifications actually reduce the 
discrepancies observed between neutralisers. Our 
numerical simulations confirm that in all cases, unsteady 
effects are more important for very small particles, 
which has been observed experimentally. Ion electrical 
mobility has a significant impact on the ion-aerosol 
attachment coefficients and therefore influences the final 
particle charge distribution. 
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Aerosol neutralizers 
TSI 3077 (2 mCi 85Kr with est. current activity = 0.84 mCi)  

TSI 3077A  (10 mCi 85Kr with est. current activity = 8.3 mCi)  

MSP M1090 Electrical Ionizer (AC corona discharge) 

TSI 3087 Advanced Aerosol Neutralizer (soft X-ray) 
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Common methods of particle size and concentration 
measurement rely on the knowledge of the distribution of 
charges they have acquired, either naturally or after 

.  Variations in neutralization techniques lead to 
different charging characteristics and other parameters such 
as particle size, shape, composition, concentration, and 
ambient air properties impact the charging process. The 
objective of this work is to evaluate the impact of neutralization 
technique and aerosol composition on the charging and 
neutralization process for particles smaller than 23 nm. This 
work focuses on commercially available chargers, including 
radioactive sources (85Kr), soft x-rays, and AC corona 
discharge that were operated using a realistic aerosol flowrate 
of 1.5 L/min. Carrier gas composition was varied to examine 
the sensitivity of charging to aerosol chemistry. Carrier gases 
included ambient air, dry nitrogen, humidified nitrogen, 
humidified air, and humidified air with sulfur dioxide. For each 
neutralizer and carrier gas condition, the ion mobility 
distribution, the particle charged and neutral fractions, and 
particles size distribution were measured. Overall, results 
obtained from these measurements provide further insight into 
the nature of particle charging for very small particles. 

Neutralizing conditions 
Ambient air (~50% RH but uncontrolled) 

Dry nitrogen (N2) 

Humidified nitrogen (N2  + variable H2O) 

Humidified air (0.79 N2+ 0.21 O2 + variable H2O) 

Humidified air with 20 ppb sulfur dioxide (SO2) 
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Measurements and calculations 
Silver and oil particle size distributions for high and low 
concentrations 

Ion mobility distributions 

Particle charged and neutral fractions  

ion mobilities 

Particle size distributions 

Ion mobility distributions 

Charged and neutral fractions 
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The top right and left figures show ion mobility distributions for 10 mCi 85Kr as examples. Arithmetic 
mean ion mobility results for all neutralizers and conditions are summarized in the bar charts. 
Positive ions showed low sensitivity to carrier gas composition and there were little differences in 
neutralizer type. On the other hand, negative ions had higher mobilities and where highly sensitive 
to neutralizing condition and type. Smaller ions were always associated with higher humidity.  

The top figure shows particle size distributions measured for a very steady silver particle source 
using each test neutralizer. Sample size = 9 measurements for each neutralizer, repeated in random 
order. Error bars show 95% confidence intervals. Experiments are summarized for two neutralization 
conditions in the in the bar charts, which show large, statistically significant differences in both 
geometric mean particle size and concentration. The low concentration produced by the low activity 
85Kr source is likely attributable to an insufficient N·t product for this high concentration case.  
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Particle charged fraction was measured for all 
neutralizers and various conditions. For most 
cases, results show qualitative agreement 
with the approximation typically used to invert 
SMPS data. Calculations below suggest 
relatively large differences in ion mobility 
might change the charged fraction by 20 or 
30% for a given size. However, these 
measurements are not sensitive enough to 
detect such a change. 

Measurements of size distributions of small silver 
particles revealed large differences in neutralization 
method, even for low particle concentrations 

Positive ion mobility was mostly insensitive to neutralizer 
type and prevailing conditions with the exception of a 
very small influence of relatively humidity 

On the other hand, negative ion mobility was highly 
sensitive to neutralizer type and carrier gas composition 

Differences in ion mobility should lead to different 
charged fractions (and thus different inverted size 
distributions). Differences in charged fraction could not be 
measured experimentally with sufficient sensitivity but 

theory 

More work is needed to evaluate the validity of inverting 
size distribution data with charged fractions calculated 
using ion mobilities measured in situ  

 theory (1963) was used to calculate the sensitivity of the charged fraction to the ion 
mobilities measured for various neutralization conditions. Theory predicts different charged fractions 
produced by 10 mCi 85Kr, AC corona, and soft X-ray neutralizers. The figure on the right illustrates 
the consequence of these differences using an arbitrary lognormal distribution. These arbitrary 
particles are  according to the corresponding ion mobility but all distributions are inverted 
using the same Wiedensohler (1988) charge fraction approximation. Results indicate differences in 
concentration (and to a much lesser extent, size) between neutralizers should be expected. 

 

These figures show results from experiments with much lower concentrations of small silver particles. 
There are still differences amongst the neutralizers that are statistically significant and repeatable. A 
lower concentration increases the likelihood that the relatively low N·t product of the 2mCi 85Kr source 
is sufficient to achieve a steady-state charge distribution and both 85Kr sources of identical geometry 
produce nearly identical results.  

For low concentrations of relatively large particles, all neutralizers produced very similar results that 
were statistically identical  following sections examine whether this similarity is the expected result. 

Calculated +1 charge fractions 
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Inverted arbitrary distribution 
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