
Not only during the manufacturing process
and treatment|compounding but also during
transport and storage, plastics can absorb 
moisture when they come into contact with
water and from the ambient air, in particular.

Depending on the type of plastic, these water
particles will attach themselves to the surface,
but their percent by weight is only in the
hundredths range. In the case of thermoplastic
materials for technical applications, however,
most of these water particles are embedded
down into the core of the material's structure.
At high humidity, for example, the water 
content of polyamide granules can extend up
into the one-digit percentage range.

Upper limits for water components have to be
complied with when the plastics undergo 
further thermoplastic processing. For example,
these limits can range from 0.1% for ABS to
0.02% for a PC and|or a PC blend. If these
limits are exceeded, the finished product may
be of inferior quality owing to surface
striations, adhesion failure during coating,
bubble formation or inaccuracies in the fit of
separate parts in multi-layer processing. 
Even worse are parts that have been damaged
by molecular degradation or by structural
weakening, which are extremely difficult to
detect even with the most scrupulous quality
controls and later often lead to complaints,
high consequential costs and loss of image. For
this reason, the water content of the plastic to
be processed should be monitored at regular
intervals, and additionally whenever the 
materials or tools are changed, throughout

every sophisticated extrusion process and
before injection molding of technical parts is
carried out.

The processor should perform incoming
inspections in order to adapt the drying times
as necessary or to check the suppliers' specifi-
cations for delivered dried granules to make
sure there are no leaks in the packaging, for
example. As part of continuous quality surveil-
lance, the plastics manufacturer and|or 
supplier ensures that the amounts of water are
within the agreed or certified range.

In order to carry out the above-mentioned
inspections and checks with the greatest accu-
racy and reliability and as completely as possi-
ble, it is sensible to perform measurements on
two operational levels:

– The first, by workers on-site – or during the
different work shifts: In this instance, a 
particularly simple measuring instrument is
required that anybody can operate and that
is always readily available. The high-per-
formance Sartorius MA100 moisture analy-
zer – which has become widely used in the
meantime – is predestined for this task;

– The second, in the quality assurance labora-
tory, for issuing test certificates, carrying out
incoming inspections and final inspections
and, in turn, for validating in-plant measure-
ments. This is where the new Sartorius
"Water Detection System with heating tem-
peratures of up to 400°C“ – called WDS400
for short – is used, and is the area of applica-
tion we will focus on in the following.
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Methods for Selective Detection of 
Trace Amounts of Water 
In the plastics laboratory, as a general rule, a
wide variety of materials have to be mea-
sured. That is why a universally applicable 
moisture analyzer must be able to selectively
detect trace amounts of water – even in 
samples that contain other readily volatile
components, such as softening agents, waxes
or monomers. Sometimes, manometric
methods are still used for these sophisticated
measuring tasks, where the pressure of the
heated-off water vapor is measured in a glass
apparatus – a method that is very manual
labor intensive and fraught with the risk of
reading errors. The Karl Fischer (KF) titration
method is used more frequently; this also
involves heating up the sample, and conduct-
ing the escaping gas into a solution where 
the water molecules are chemically bound.
This wet chemical method is also very labor
intensive and requires careful handling of
sometimes toxic chemicals that have to be
disposed of properly.

Specifically in the plastics laboratory, many
users want to measure trace amounts of
water easily, without wet chemicals. Now, 
the WDS 400 meets their requirements with
its unique water-selective dry sensor (Figure
1). This sensor "counts" the water molecules
that escape from the sample during heating
by binding them with its hygroscopic phos-
phorous pentoxide layer and electrolytically
converts them into a proportional, accurately
measurable electrical current. The sensor con-
stantly regenerates itself. The entire mea-
suring sequence – including storage of the
data on a computer – runs fully automatically
– the user only has to weigh-in the sample
and place it in the WDS 400 (Figure 2).

The New WDS 400 – Application Benefits
in the Plastics Laboratory
Thanks to the high sensitivity (detection limit
of 1 µg water, initial granule weight is typi-
cally 1 g) and good reproducibility (± 2% of
the absolute water content), even infinitesi-
mal limit values for residual moisture, such as
for PET or PEI, can still be measured with
great accuracy and high resolution.

The time it takes to measure dried plastics is
only 10 to 20 minutes;

The WDS 400 is always ready for operation
with a stand-by phase that saves labor and
energy. That means that measurement of an
"urgent" sample can be started immediately;

Routine measurements can be carried out by
a greater number of employees, since opera-
tion is limited to weighing of approx. 1 g of
material into a scoop, placing the scoop into
the WDS 400 (Figure 3), logging in the sample
and starting the measurement on a PC;

Because the measurement is visualized on the
computer monitor – the measuring curve is
plotted in real time – a distinction between
surface water and capillary water is displayed
along with a quantitative analysis of the total
water content. Among other things, such 
features allow the user to evaluate and
improve the functionality and throughput
performance of the drying system;

The WDS 400 is operated and controlled on 
a computer (PC); all data, curves and results
can be saved to memory, printed out and 
archived.

Test Setup and Measuring Sequence
For operation, the WDS 400 is connected to
dry nitrogen or dried compressed air. A serial
interface enables the data link to the PC. The
sample is weighed-in on a laboratory balance.

The measurement is logged into the PC, all
relevant data are entered, including the 
sample weight obtained, and the measure-
ment is started by a mouse click. The WDS 400
heats the sample in accordance with the 
preset temperature curve.  The carrier gas
channels the volatile components past the
sensor which detects 100% of the water 
molecules. The resulting curve of the electrical
current is displayed directly on the monitor
above the temperature curve besides all the
analytical data. The WDS 400 automatically
concludes the measurement as soon as the
pre-set end-point conditions have been met.
Afterwards, the measurement with all its
curve diagrams and data can be saved to
memory.

Dry sensor (Figure 1) WDS 400 with analytical balance and accessories (Figure 2)

Placing the scoop (Figure 3) into the WDS 400 chamber



Remarks
The optimal drying time for these PA granules
is about 5 hours.

When particularly high demands are placed
on accuracy, a blank value can be analyzed
prior to the actual measurements; the blank
value represents the trace amounts of water
that are introduced in the chamber when the
empty scoop is inserted; this "tare curve" is
later used to automatically correct the sample
analysis.

A standard calibration compound with a 
defined water content of 1.07% is supplied
with the WDS 400 for monitoring the 
accuracy of test equipment and ensuring 
correct results.

If an initial result is needed within just a few
minutes, for instance, for quick process con-
trol or incoming inspection, the peak-to-peak
wavelength of the curves could be used to
estimate the trace amounts of water. In the
above example, this would be possible within
just about 5 minutes.

Good Agreement with Existing Measure-
ment and Determination Methods
Since the WDS 400 measures trace amounts
of water absolutely and selectively, the results
are in perfect agreement with those of pre-
viously used methods, such as manometric
measurements and KF titration.

Some examples of comparative measure-
ments of different polyamides are listed here;
the test series was run at a plastics manufac-
turer.

Conclusion
The new WDS 400 is ideally suited for the
selective, precise detection of trace amounts
of water in plastics. It is equally predestined
for use in incoming inspections, release
testing and the production-related applica-
tions in company laboratories. By virtue of its
water sensitivity down to the ppm range, the
WDS 400 can analyze all types of plastics, and
can reliably and reproducibly detect limit
values of less than 0.01% for processing.

The results obtained with the WDS 400 are in
good agreement with those of previously
used methods, thereby allowing the user to
switch to this state-of-the-art technology
without any problems and to successfully and
cost-effectively utilize the benefits, which
include, for example, simple, time-saving and
reliable operation without handling chemi-
cals, instant availability, visualized measuring
sequence and automatic data collection.

PA 6.6, GF30, undried, water content 0.355%, i.e., 
not processable 

PA 6.6, GF30, 4h dried, water content 0.085%, still too
moist for high processing requirements (limit value 0.04%)

PA 6.6, GF30, 6h dried, water content 0.013%, reliably
below the limit value, actually even "overdried" – i.e.,
structural damage is possible with for PA; at any rate,
energy is wasted.

Material type Color Mano- Result Deviation of the results 
metric Water content /% in %

KF WDS 400 WDS 400 - WDS 400 - 
titration manometric KF Titration

PA 6 glass Natural 0.04 – 0.044 0.004 –
fiber-
reinforced

PA 6.6 Black 0.06 – 0.059 –0.001 –
non-reinforced

PA 12 Blue 0.04 – 0.048 0.008 –
reinforced

PA 6 Natural 0.05 – 0.057 0.007 –
carbon fiber-
reinforced

PA 6 impact Silver 0.20 0.234 0.230 0.03 –0.004
resistant 
modified

PA 6 Natural 0.06 0.070 0.060 0.0 –0.01
glass fiber- 
reinforced

PA 6 Natural 0.03 0.029 0.028 –0.001 –0.001
Raw polyamide

PA 6.6 Orange 0.06 0.065 0.063 0.003 –0.002
glass fiber-
reinforced

Standard deviation: 0.009 –0.002

The deviations between the methods are lower than the conventional uncertainty of 
measurement | reproducibility in one and the same method.
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