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Summary 
Absolute precision in particle size analysis can only be achieved when the two principle 
parameters of length and concentration (e.g. weight) are directly traceable to 
International Standards.  Furthermore, the particles to be analysed must be spherical so 
their size can be described by a single dimension. 

Techniques that fulfil these criteria are called “primary” methods and include Microscopy, 
Sieve Analysis and Sedimentation Analysis. 

This paper evaluates the accuracy of a 100- stage spinning riffler using electroformed 
sieves and then examines Sonic Sieving as a primary particle sizing method in the 
certification of a 20-100 micron spherical reference standard. 

Introduction 
Primary techniques of particle size analysis are methods where the units of length and 
concentration (e.g. weight) are directly traceable to International Standards.  Laser 
diffraction or sedimentation using an optical method to assess concentration are both 
second order methods because, in the former, computer models are required in deriving 
particle size, while in the latter, there is not always a direct relationship between optical 
density and concentration. 

Optical microscopy is probably one of the best known primary techniques because a 
measuring graticule can be calibrated against an International Standard.  Thus, when a 
particle is measured against the graticule, it’s dimensions become directly traceable to 
the International unit of length. 

Similarly, the openings of a highly accurate electroformed sieve can be calibrated using 
microscopy.  If the associated electronic balance is also calibrated with reference 
standard weights, then both length and weight are directly traceable, making sieve 
analysis one of the few primary sizing techniques. 

Until recently, broad distribution reference standards have only been available in 
irregularly shaped quartz powders so comparisons between different sizing methods have 
never been good.  With the advent of new spherical reference standards, it is possible 
for the first time to measure a powder by several primary techniques down to 0.1 of a 
micron and thereby give absolute and precise definitions of size.  The spherical reference 
standards can then be used to assess the performance of other high-speed methods of 
particle size analysis. 

In a recent program sponsored by the Bureau of Certified Reference (BCR) based in 
Brussels, the European Community is developing a new set of broad range spherical 
reference standards.  Whitehouse Scientific was asked to produce a duplicate set of 
standards, sometimes called “Mirror Standards” to short-list nearly 40 applicant 
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figure 1: Sonic sieving action. The contained air column 
pulses the particles above and through the sieve meshes at 
3600 times per min 
 

figure 2: GilSonic AutoSiever 

figure 3: Control Panel 

laboratories from a round-robin test into five Certifying Laboratories for each primary 
sizing technique.  The five primary sizing methods were: 

o Microscopy and Image Analysis 
o Sieve Analysis 
o Electrical Sensing Zone method 
o Gravity Sedimentation (Andreasen pipette) 
o Centrifugal Sedimentation 

Whitehouse Scientific was the only European laboratory to be selected on all five 
methods.  The Gilsonic Autosiever was a recommended primary method because: 

o it can measure down to 5 microns 
o the use of electroformed or microprecision sieves makes the method very accurate 
o the onboard computer removes operator dependence giving excellent reproducibility 

This paper describes the performance of the Gilson Autosiever in the BCR round-robin 
exercise and confirms the technique as one of the leading primary particle sizing 
methods available today. 
 

Experimental 
(a) The Gilsonic Autosiever 
Unlike conventional sieving where the 
sieves are either orbitally shaken, or 
mechanically or electromechanically 
vibrated vertically, the Gilsonic system 
holds the sieves stationary while rapidly 
moving the powder vertically through a 
nest of sieves using acoustic energy. This 
is achieved by hermetically sealing the 
sieve stack top and bottom with highly 
flexible rubber latex diaphragms and using 
an audio loudspeaker to generate a rapidly 

oscillating column of air through the 
sieves.  A high frequency of 3600 
oscillations per minute ensures rapid 
presentation of the powder to the sieve 
openings while amplitude is controlled to 
give excellent fluidization, even for the 
highest density metal powders. The 
onboard computer controls amplitude 
ramp up, duration of test and amplitude 
ramp down, all of which can be 
programmed and recorded for future use 

In addition, for more cohesive or very fine 
powders, vertical and horizontal tapping 
can be implemented to keep the sieves 
clear. 

The sieving action is schematically shown 
in Figure 1 while the complete instrument 
and the control panel are shown in 
Figures 2 and 3, respectively. 
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figure 4: Microscope comparison of 20μm wire (left) and electroformed sieves 
(right) membrane in Gilson sieves supplied by Buckbee Mears Co., St. Paul, MN) 

figure 5: Size comparison of 20μm wire (left) and electroformed sieves (right) 

For the high precision work required in certifying the reference standards, the three 
electroformed sieves per stack were sealed with PVC tape to ensure minimum powder 
loss, especially for the sub-20 micron fraction.  A 1g sample from a 100-stage spinning 
riffler was first sieved on 90, 53 and 45 micron sieves. 

The sub-45 micron fraction was then sieved through 32, 25 and 20 micron sieves.  
Having optimised the sieving program, the configuration was entered into the computer 
and repeated five times to check the reproducibility of the method. 

(b) Sieve Calibration 

For sieve sizes below 100 
microns weaving 
technology is pushed to the 
limit, and variations in 
aperture size become more 
significant.  It is for this 
reason that the BCR 
insisted on the use of 
electroformed sieves for 

the Certification program.   

The difference between the 
two types of 20 micron sieve is clearly shown in Figure 4.  Here a digitised microscope 
image of each sieve is reversed so that the sieve apertures can be counted as particles.   

The Whitehouse Image Analysis program (ShapeSizer 4) measures the length and 
breadth at the centre of each hole to an accuracy of 0.1 of a micron, calibrated against 
the National Physical Laboratory (UK) particle sizing graticule.  The minimum dimension 
is chosen as the aperture size as it is this dimension that will hold back spherical 
particles.  

The accuracy of the electroformed sieve is clearly seen in Figure 5 where hold size 
variation is 18.8 to 19.9 microns compared with 18.4 to 24.1 microns for the wire sieve. 
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figure 6: Shape comparison of 20μm wire (left) and electroformed sieves (right) 

The uniformity of shape of each aperture is also much better.  Ninety-nine per cent of 
the electroformed sieve apertures have a maximum to minimum ration below 1.05 
compared to 1.27 for the wire sieve.  The comparison is qualitatively and quantitatively 
illustrated in Figure 6. 

 
 
 
 
 
 
 
 
 
 
 

     
 

Results 
(a) Spin Riffling 
In order to check the performance of any particle sizing equipment, it is of paramount 
importance that the powders being presented for analysis do not vary from sample to 
sample.  Whitehouse Scientific was appointed as the main contractor for the subdivision  
of the 10kg master batches because its purpose-built 100 stage rifflers could reduce the 
10kg to 1g in just two stages. 

The reproducibility of the electroform sieves and the performance of the 100 stage 
spinning riffler was determined as follows: 

As the accuracy of a spinning riffler is much more critical with coarse powders than with 
fine, the reproducibility of the electroform sieving system was first checked by 
subdividing a 10g sample of a 150-650 micron reference standard eight ways on an 8-
stage riffler and analysing each sample.  The average weight loss, both by sieve 
weighing and fraction recovery, was remarkably low at 0.3% while the mean standard 
deviation of the eight data sets was outstanding at 0.43% - see Table 1 and Figure 7. 

Reproducibility of Gilsonic Electroform Sieving 8 Stage Riffler Analysis 200-700 micron Microsphere 

Nominal Size 

(μm) 

Measured Size 

(μm) 

Average Fraction  

(%) 

Average Cumulative 

%> 

710 712.6 2.880 97.120 

600 602.3 6.672 93.330 
500 498.8 6.244 87.085 

425 424.2 12.679 74.407 
355 354.0 29.414 44.992 

300 300.7 23.627 21.365 
250 250.7 10.082 11.279 

212 214.3 6.784 4.495 

180 180.2 4.166 0.329 

Mean Standard Deviation of 8 Data Sets = +/-0.43% 

Average SampleWeight=1.577gm Loss (sieve weighing) = 0.32% 

 Loss (sample recovery) = 0.29% 

Table 1: Sieve Calibration & Results 
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figure 7: Reproducibility of 
electroformed sieving 

figure 8: Sample-to-sample 
variation from the 100-stage 
spinning riffler 

 
 

 
 
Table 2 and Figure 8 confirmed that both the electroformed sieve system and the 
spinning riffler were of the highest calibre with recovery and reproducibility at 0.2% and 
0.85% respectively. 
 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 

 
 

 
 
 

 
 

Gilsonic Electroform Sieve Analysis 5 Samples 200-700μm Microspheres 

Nominal Size  

(μm) 

Measured Size  

(μm) 

Average Fraction  

(%) 

Average Cumulative  

%< 

710 712.6 2.370 97.630 
600 602.3 6.301 93.700 

500 498.8 6.092 87.607 

425 424.2 12.803 74.804 

355 354.0 29.588 45.216 

300 300.7 23.667 21.549 

250 250.7 10.098 11.450 

212 214.3 6.819 4.631 

180 180.2 4.320 0.311 

Mean Standard Deviation of 5 Data Sets = +/-0.85% 
Average Sample Weight = 1.513gm Loss (sieve weighing) = 0.19% 

 Loss (sample recovery) = 0.24% 
Table 2: Sieving Results for the 100-Stage Spinning Riffler 
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figure 9: Reproducibility of the certification analysis 

figure 10: Comparison of three primary particle sizing techniques 

Samples of any size distribution could now be taken from  the 100-stage spinning riffler 
with absolute confidence knowing that sample-to-sample variation was insignificant.  It 
was then possible to extend the analysis range of the Gilsonic Autosiever down to 20 
microns.  Any sample variation would then be due to the performance of the sieving 

process rather than the samples presented to it. 

In the final section of this work, the Gilsonic Autosiever was used to certify the 20-100 
micron Whitehouse Reference Standard.  The sieve calibration and methodology have 
already been briefly described. 

Given that the powder was so fine, the average sample loss after sieving five samples 
from the 100-stage riffler was exceptionally low at 0.4% (Table 3), while the standard 
deviation of the data set was still very good at  1.46%, Figure 9. 

Gilsonic Certification Sieve Analysis 5 Sample 20-100μm Microspheres 

Nominal Size (μm) Measured Size (μm) Average Fraction (%) Average Cumulative %< 
90 90.0 0.618 98.961 
63 63.2 7.997 90.965 

45 45.1 31.306 59.659 

32 32.0 38.149 21.510 

25 25.0 11.225 10.286 

20 19.4 9.749 0.563 

Mean Standard Deviation of 5 Data Sets = +/- 1.46% 
Average Sample Weight = 1.155gm Loss (sieve weighing) = 0.396% 

Table 3: Gilsonic Certification Results for a 20-100μm Standard 

 
Finally, two additional samples 
were taken from the 100-stage 
carousel and analysed using two 
other primary particle sizing 
techniques specified by the BCR: 
Microscopy and Image Analysis 
(Whitehouse Shapesizer4) and the 
Electrical Sensing Zone method 
(Elzone). 

In the former method, 6,000 
particles were counted, and the 
number based data was converted 
to volume for comparison, while in 
the latter, 50,000 particles were 
counted and again converted to 
volume distributions.  In both 
cases there was excellent 
agreement with the sieving 
method, and an average standard 
deviation of only 2.2% was seen 
between the three methods, 
Figure 10. 
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