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Abstract 
Scanning Mobility Particle Sizer (SMPS) spectrometers are subject to several restrictions when a 
radioactive source is employed to bring the aerosol to a steady-state charge distribution. An al-
ternative solution, commercially available, is represented by the soft X-ray neutralizer. The 
present study investigates the outcome of a combination of a Grimm SMPS, which employs a 241Am 
radioactive source, with the soft X-ray advanced aerosol neutralizer (TSI model 3087). To date, the 
latter device has been interfaced only with TSI’s Electrostatic Classifiers. Particle size distribution 
of sodium chloride aerosol was measured with both neutralizers and it was found that the particle 
number concentration agreed to be within 9% for the 10 - 700 nm range. This difference mainly 
corresponds to the bias reported by TSI, when the X-ray device is mounted on a TSI spectrometer. 
It was concluded that the X-ray neutralizer could be usefully employed, as a standalone device, in 
combination with Grimm Electrostatic Classifiers. 
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1. Introduction 
Scanning Mobility Particle Sizers (SMPS) are widely used to classify submicron particulate matter according to 
their electrical mobility. They employ radioactive sources such as 85Kr, 210Po or 241Am to apply a well-known 
charge distribution to aerosols. However, these aerosol neutralizers are subject to several restrictions, especially 
in Europe, which limited their transport and handling.  

Commercially available alternatives are the aerosol neutralizers based on a low energy (<9.5 KeV) soft X-ray 
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source. Such devices can be easily turned on and off, thereby increasing both safety and overall operating life-
time, and the respective regulations are more flexible. 

Therefore, it is important to compare instruments working with radioactive and soft X-ray aerosol neutralizers. 
The novelty of this study was to evaluate the accuracy of the measurements obtained with a soft X-ray neutra-
lizer (TSI, mod. 3087) in combination with a Grimm SMPS (L-DMA) under controlled laboratory conditions. 
TSI provides information on the neutralizer 3087 compared with the neutralizer 3077A (based on 85Kr). Howev-
er, all data and specifications apply to TSI instruments, since the X-ray neutralizer 3087 was specifically de-
signed to interface with TSI’s Electrostatic Classifier 3082.  

Nevertheless, the aptness of this X-ray device assembled on a SMPS spectrometer other than TSI has not been 
reported in literature yet. 

2. Experimental Set-Up and Procedures  
The experimental set-up is schematically represented in Figure 1. Sodium Chloride particles were generated 
from a solution concentration of 1% w/w, by means of a Collison nebulizer working at an operating pressure of 
1 bar. The aerosol produced was slightly charged [1] and so, once dried inside a silica gel column, the particles 
were passed through a parallel plate condenser. The voltage applied to the condenser was previously adjusted in 
order to remove the charged portion of the aerosol, as verified by means of an aerosol electrometer. Experiments 
were carried out both with and without this voltage applied.  

 The resulting uncharged/charged polydisperse particles are hereinafter called “neutral/charged aerosol”, re-
spectively. The aerosol was then diluted with purified air and carried into the 3087 TSI advanced aerosol neutra-
lizer, followed by the Grimm SMPS spectrometer. Since the X-ray device was permanently fixed to the Grimm 
SMPS, the particles losses by Brownian diffusion inside the X-ray tube were the same for all the experiments. 
The 241Am neutralizer was removed every time the X-ray device was turned on. Conversely, when the 241Am 
neutralizer was inserted the X-ray device was switched off. This procedure was feasible as the aerosol particle 
number concentration was constant (±4% throughout 30 minutes of measurement controlled by a condensation 
particle counter, TSI mod. 3775). The Grimm SMPS spectrometer used in this study (SMPS + C Grimm Aerosol 
Technik GmbH & Co. KG, Ainring, Germany) consists of a long differential mobility analyser (L-DMA model 
5400 Vienna type) and a condensation particle counter (model 5.403). The standard neutralizer is a 241Am source 
with an activity of 3.7 MBq. The particle size distribution was measured by neutralizing the aerosol alternatively 
with the 241Am source or the X-ray neutralizer.  

The data acquisition software (Grimm Universal Nano Software Version 1.2.3) was used for all measure-
ments, based on the hypothesis that the charging ratio was the same for both neutralizers. This assumption was 
validated by Shimada et al. [2], who observed that the particle charging probabilities were equal whether using a 
 

 
Figure 1. Experimental set-up.                                        
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soft X-ray of <9.5 keV or a 241Am foil source of 3.7 MBq at two different particle residence times in the charg-
ers (0.5 s and 3 s). 

3. Results and Discussion 
The average particle size distributions obtained with the two neutralizers are compared in Figure 2.  

It was found that there is a slight decrease in the measured particle number concentration obtained with X-ray 
when compared to 241Am. For neutral sodium chloride particles, the difference of the total concentration was 
about 9%, while for sodium chloride charged particles, it was about 3% (see Table 1).  

Figure 3 reports the paired absolute difference percentage (PADP), according to Watson et al. [3], defined as 

( )100* i i iPADP abs y x x= −                                 (1) 

where xi and yi refer to the particle concentration of the i-th bin for the Grimm SMPS with 241Am neutralizer and 
with X-ray neutralizer, respectively. In the 10 - 700 nm size interval the average paired absolute difference is 
 

 
Figure 2. Aerosol size distribution for 241Am and X-ray neutralizers (charged 
and neutral particles).                                               

 

 
Figure 3. Paired absolute difference percentage.                          
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Table 1. Statistical parameters of the particle size distributions.                                                      

 Median Geom. St. Dev. Total Conc. 

NEUTRAL AEROSOL    

241Am neutralizer 35.3 ± 0.2 nm 2.09 ± 0.01 (2.10 ± 0.06)·105 cm−3 

X-ray TSI 3087 34.6 ± 0.2 nm 2.09 ± 0.01 (1.90 ± 0.02)·105 cm−3 

Relative difference (respect to 241Am) (1.88 ± 0.01)% (0.400 ± 0.002)% (9.4 ± 0.3)% 

CHARGED AEROSOL    

241Am neutralizer 47.0 ± 0.5 nm 2.01 ± 0.02 (8.5 ± 0.2)·105 cm−3 

X-ray TSI 3087 45.2 ± 0.2 nm 2.01 ± 0.01 (8.2 ± 0.2)·105 cm−3 

Relative difference (respect to 241Am) (3.80 ± 0.04)% (0.166 ± 0.002)% (3.2 ± 0.1)% 

INDOOR    

241Am neutralizer 69 ± 6 nm 2.35 ± 0.06 (2.04 ± 0.18)·103 cm−3 

X-ray TSI 3087 67 ± 6 nm 2.32 ± 0.06 (1.84 ± 0.12)·103 cm−3 

Relative difference (respect to 241Am) (2.76 ± 0.37)% (0.92 ± 0.03)% (9.8 ± 1.1)% 

 
about 9% for neutral aerosol and about 7% for charged aerosol. The 700 - 1090 nm size range was not consi-
dered due to the low particle number concentration.  

The mean statistical parameters were compared and are reported in Table 1. For both test aerosols, it was 
found that the peak of the distribution is slightly shifted backward for X-ray, and all statistical parameters are 
within 4%.  

These results should be compared with the values provided by TSI in the X-ray neutralizer datasheet. Highly 
charged particles of different type, size and concentration were investigated, after passing through a unipolar 
charger upstream of the SMPS spectrometer. TSI reports that the geometric means and geometric standard devi-
ations for the entire test matrix were within 5%, and the concentrations within 10% - 20%. TSI excluded that 
these differences were due to an incomplete charge neutralization of the X-ray device. The accuracy limit pro-
vided in the datasheet is greater than the differences observed in the present study. To extend our comparison, 
we used the Grimm SMPS to measure the distribution of indoor air at 25% relative humidity, with both the 
X-ray and the 241Am neutralizer. Four series were taken through each device and the average particle size dis-
tributions are illustrated in Figure 4. 

Apart the 90 - 120 nm interval, the two particle size distributions are fully included inside the measurement 
variability. The statistical parameters, as well as the median and standard deviation show good agreement, while 
the total particle number concentration is 10% lower with X-ray than with 241Am. 

Figure 5 shows the correlation of the average particle number concentration in each size bin (for indoor, un-
charged and charged aerosol measurements) between the SMPS with 241Am or X-ray neutralizers. 

The correlation coefficient turned out to be 0.998, while the one reported in the TSI datasheet was 0.994, and 
compares well with the measurements reported in the literature for instruments of different design. Watson et al., 
[3] reported an average correlation of 0.95 in the 5 - 200 nm size intervals while comparing four different SMPS 
spectrometers (TSI nano, TSI standard, Grimm SMPS + C and MSP WPS) at Fresno Supersite. 

In addition, Wiedensohler et al. [4] reported a discrepancy of 10% in the 20 - 200 nm particle size range, and 
30% for particles larger than 200 nm, under controlled laboratory conditions, by comparing distributions meas-
ured with spectrometers of different design.  

4. Conclusions 
The applicability of the X-ray neutralizer (TSI model 3087) in combination with a Grimm SMPS (L-DMA) has 
been evaluated under controlled laboratory conditions. The comparison between the aerosol size distributions 
obtained with the standard Grimm neutralizer (241Am radioactive source) and with the soft X-ray neutralizer 
shows:  
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Figure 4. Indoor aerosol size distribution for 241Am and X-ray neutralizers.   

 

 
Figure 5. Particle concentration correlation between SMPS spectrometer data 
taken with the X-ray model 3087 TSI and the 241Am neutralizers.                

 
 a 0.998 correlation in the particle number concentration;  
 differences in the distribution parameters (median and geometric standard deviation) below 4%;  
 in the 10 - 700 nm size range the PADP is about 9% for neutral aerosol and 7% for charged aerosol. 

In conclusion our results show the applicability of the soft X-ray neutralizer as a standalone device. 
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