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The problem

Instruments used to measure particle size
have now achieved a degree of accuracy which
was inconceivable years ago. Tolerances are
constantly being reduced and the latest versions
on the market operate faster and more accura-
tely than their predecessors. The introduction of
software graphics coupled with multitasking ope-
rating systems together with ever more powerful
computers has led to higher reliability and repro-
ducibility than ever before. Even a blind man with
a white stick can trust results obtained in this
way. But can he?

That's the theory. But in practice the situation
is sometimes a little more complex. Although the
analysis promises accuracy and precision, ma-
verick results inexplicably occur which raise
doubts about the highly praised instruments
which promise so much. But the true reason for
the anomalous results is not in the testing pro-
cess with a floating decimal point or operator
error; it is simply due to the protocol of the pre-
paration of the samples before they are presen-
ted to the measuring system.

It is an amazing fact that the market for high-
precision fully automatic analyzers is constantly
growing, whilst no-one seems to be concerned
about the preparation and collecting of the sam-
ples, factors which are equally if not more im-
portant in obtaining a reliable result. Enlighten-
ment on the aspect of particle size has improved
as higher levels of accuracy have been achie-
ved—-The emphasis has now shifted to the sam-
ple preparation aspect of the measuring pro-
cess.

The task in hand

The practical use of expensive, high-quality
analyzers is directly related to the sample pre-
sented for analysis. The analysis error always
includes both sampling and measuring errors.
Based on the law of error propagation, the as-
certained total error in the value of the results is
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The standard deviation of the value of the re-
sults in terms of the analyzed material is deter-
mined by the analyzers to a significant extent
only if the variance for the sample preparation is
markedly less than the variance of the analyzers.
Therefore the results are only reproducible if the
sample to be analysed is fully representative of
the material to be tested.

In this context, "representative" is generally
understood to mean that the samples taken can
be equated with the entire batch a priori. If the
mixture state of the original sample is described
by a property function, the sampling is repre-
sentative if the measured values distributed over
the Iocat'k?n adequately approximate the property
function.

If a number of individual samples are taken
from a well-mixed whole, its composition is sub-
ject to a statistic fluctuation insofar as a specific
feature is concerned. An error can result becau-
se a sample is taken from a segregated basic
guantity and always occurs in this case, since
mixtures are never ideal. To minimize the errors,
as many small samples as possible must there-
fore be taken from random locations in the basic
whole and then combined.

The solution

Usually, the sample available to the laborato-
ry may be 2000 g whereas the quantity used for
analysis is less than 200 mg. So we have to
have an accurate method of sub dividing the lab
sample so that the trial 200 mg used for analysis
is fully representative of the original. This is the
ideal situation and can only be achieved with an
accurate sample divider. Wether division is in
one or more steps has no relevancy over error
preparation only on the costs of the additional
cleaning processes.
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The FRITSCH rotary cone sample divider
"laborette 27" is therefore available with a divisi-
on ratio of 1:30 among others. This makes it
possible to divide total samples of up to 300 ml
into 30 individual samples in one step. Also,
dividing cones with ratios of 1:8 or 1:10 are a-
vailable in different materials so that they can be
matched to different types of samples.

The patented design is based on the combi-
nation of 3 division methods within a single in-
strument. The sample is fed onto a dividing cone
via a hopper. The dividing cone is designed to
emulate the process of ,Coning & Quartering”
which is acknowledged as being the most accu-
rate technique for sample division. The entire
system rotates and the sample material is acce-
lerated outwards so that it is transferred into the
guide channels ensuring that as many as 30
individual samples are collected. The rotation of
the dividing cone increases the number of divisi-
ons to up to 2,600 per minute, hence the ulti-
mate sample is composed of a very large num-
ber of individual samples.

The results

A mixture consisting of about 800 g of quartz
sand was created and divided. Figure 1 compa-
res the FRITSCH rotary cone sample divider
with a rotary sample divider with local feeding
directly over the sample containers. To attain the
same ratios, the dividing cone for eight 500 ml
sample containers was used.

A check of equal division of samples to the
sample containers showed that the “laborette 27"
is clearly superior to conventional sample divi-
ders.
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Figure 1: Sample division with 8 sample containers

Figure 2 shows no significant differences in
the particle size distribution for each receiver.
The deviations per sample are very small. The
analysis was conducted with the laser particle
sizer FRITSCH “analysette 22"
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Figure 2: Particle size distibution

The presentation of the dso values (Fig. 3)
shows that the median value of distribution in all
sample containers is very well represented.
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Figure 3: Median values per container

Figure 4 shows the median values of particle
size distribution in the individual sample contai-
ners in series 1, whereas 8 reproducibility mea-
surements of the same material are plotted in
series 2 with no change in the instrument para-
meters.
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Figure 4: Comparison of multiple measure-
ment with sample division

The median average of the 8 reproducibility
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measurements is x = 63.1925 + 0.012 [um],
whereas the median average of the individually
measured samples in the 8 sample containers is
X = 63.1975 + 0.027 [um]. The comparison il-
lustrates that the accuracy of the analyzer is
naturally considerably higher than the accuracy
after sample division. Nevertheless, it is clearly
evident that the systematic error caused by the
“laborette 27" is very small indeed.

Conclusions

The dividing accuracy exerts a decisive in-
fluence on the precision of a feature analysis. It
can be minimized through design measures.
FRITSCH succeeded here with the “laborette
27": this rotary cone sample divider enables
modern analyzers to fully exploit their capabili-
ties. The “laborette 27" should stand side-by-side
with every modern analyzer.
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