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ABSTRACT 
  
Water content is an important quality parameter for the transport, storage, and processing 
of plastics. Excess water in plastics during processing typically results in a low-quality 
product with visible surface defects. Structural defects may appear even when the granules 
are pre-dried, which may indicate the need to modify the parameters of the process carried 
out. The most common method for testing the water content of plastics is to determine the 
weight loss of the sample after drying (LOD), the so-called moisture analyzer method. 
However, the seemingly simple test methodology does not always yield accurate results 
because it requires very accurate measurement of small weight loss.  This work presents the 
measurement capabilities of a moisture analyzer, which was used to test the water content 
of various types of plastic granules.  
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Introduction 
 
Water absorption by plastics is a physical phenomenon that is affected by storage conditions 

and the material's sorption capacity. In the case of low sorption plastics such as Polyethylene 

(PE), Polypropylene (PP), Polyvinyl Chloride (PVC) or Polystyrene, moisture accumulates on 

their surfaces (7). Plastics such as Polyamide (PA), Polystyrene (PS), Polycarbonate (PC), 

Polyethylene terephthalate (PET), Acrylonitrile-butadiene-styrene (ABS), Polybutylene 

terephthalate (PBT) show a much higher level of moisture sorption, which can significantly 

alter their weight, up to about 10% as in the case of Polyamide (5, 6). This high level of water 

sorption is caused by moisture migration into the granules, resulting in a volume absorption 

effect. Plastic granules typically require pre-drying, which is done over several hours at a 

suitable temperature. The drying method (adsorption, condensation, or hybrid methods) is 

critical in this process and should ensure that the granules are dehydrated to the level 

required by the processing. The drying process is assumed to be effective by default, but the 

final product's quality is always verified in terms of its visual, mechanical, and strength 

characteristics, among other things.  

 
According to the theory of Quality by Design (8), quality should be built into the 

product and not verified at the final stage. The aim is, therefore, to develop a production 

method (transport, storage, processing) that allows rapid inter-operational verification of 

the key quality determinants of granules. One of them is water content. This parameter can 

be verified for material that is delivered to the warehouse. In this case, information is 

obtained verifying the quality of the granules ordered, i.e. the reliability of the supplier. The 

key test, however, is to determine the moisture content of the granules after the industrial 

drying process. Based on the measurements of water content, it is possible to conclude on 

the effectiveness of the drying process and to make adjustments to the parameters 

controlling the pre-drying process. Regardless of where the sample is taken, the tests are 

always carried out in a laboratory that should have the knowledge and skills to accurately 

determine the moisture content of the test sample. It should be noted that the permissible 

water content in the moulding process varies (Table 1) and is quite low (9), putting high 

demands on the measurement system in terms of precision and accuracy.  
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Table 1. Water content and permissible water content during plastic processing.  
Source: https://www.tworzywa.pl/wiedzopedia/baza-tworzyw  

Plastic Name Moisture 
Absorption  

 (ISO 62)  

Drying 
Temperature/Time  

Processing 
Temperature 

Permissible 
Water Content 

 (%) (oC/h.) (oC) (%) 

PA 6 (Polyamide)  1.60 ÷ 1.90 75 ÷ 85 / 4 ÷ 5 240 ÷ 280 0.10 

PW (polycarbonate) 0.10 ÷ 0.20 100 ÷ 120 / 3 ÷ 4 270 ÷ 310 0.05 

ABS – 4oli(acrylonitrile-co-
butadiene-co-styrene) 0.10 ÷ 1.80 75 ÷ 85 / 3 ÷ 4 190 ÷ 260 0.10 

PMMA – Poly(methyl 
acrylate) 0.10 ÷ 0.40 75 ÷ 95 / 2 ÷ 6 190 ÷ 250 0.05 

POM (Polyoxymethylene) 0.15 ÷ 0.50 90 ÷ 100 / 2 ÷ 3 180 ÷ 220 0.10 

PBT (Polybutylene 
terephthalate) 0.10 ÷ 0.20 110 ÷ 130 / 2 ÷ 4 230 ÷ 260 0.05 

PPO – Polyoxyphenylene 0.06 ÷ 0.12 100 ÷ 120 / 2 ÷ 4 240 ÷ 380 0.10 

PS (Polystyrene) 0.01 ÷ 0.04 70 ÷ 80 / 2 ÷ 3 190 ÷ 270 0.10 

HDPE 0.01  x 190 ÷ 290 0.10 

Tarnamid T-27 GF30 NAT 
without drying (Grupa Azoty) 1.90 80 / 2 ÷ 4 240 ÷ 290 0.10 

Alphalon 27 C without drying 
(Grupa Azoty) 1.60 ÷ 1.90 75 ÷ 85 / 4 ÷ 5 240 ÷ 280 0.10 

 
At least two methods can be used to determine the water content of plastic granules. 

The first, which is given in normative documents, employs the Karl-Fischer reaction (1, 2, 3). 

The advantage of this method is that it detects only the water particles present in the tested 

product, which, combined with the method's multivariate nature, makes it effective even 

when the moisture content of granules is very low. Due to its high operating costs and 

complexity, the KF method is not widely used by laboratories directly involved in production. 

This is not the case with the second method for determining water content, which is based 

on the granules' weight loss during controlled heating (4). This is a much simpler method, 

but it requires validation, or empirical verification of the drying parameters' correctness. It is 

versatile and cheaper to operate, but unfortunately, slightly less accurate.  
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Material and Methods  
 
Water content was determined for plastic granules such as: PA6 Ultramid, PA66 GF50 EMS, 

PW Makrolon 1260, PC BAYER APEC 2095, ABS Nowodur HH-12, PMMA Plexiglas, POM 

Delrin 90 P BK602, HDPE CRP 1000, Tarnamid T-27 GF30 NAT, Alphalon 27 C. All samples 

were stored in tightly closed glass containers, from which an appropriate amount of sample 

was taken for analysis using the coulometric Karl-Fischer method and the thermo-

gravimetric method on the MA 50.X2 moisture analyzer by Radwag Wagi Elektroniczne. The 

Karl-Fischer coulometric analyses were carried out in accordance with ISO 15512 B2 at the 

Plastics Application Design and Development Center, Grupa Azoty S.A. using a Metrohm 831 

KF Coulometer with an 874 Oven Sample Processor.  

 

In the KF coulometric method, a small amount of sample was placed in a hermetically 

sealed vial. A probe was inserted into the vial, which transferred the moisture released as a 

result of heating into the titration cell through a dry stream of carrier gas, Figure 1.   

 

 
Figure 1. Schematic diagram of the KF coulometric method, source: Determination of Moisture in Petroleum 

Samples According to ASTM D6304 (Karl Fischer Oven Method). Metrohm USA Inc. 

The reaction of water with electrolytically generated iodine took place in the titration 

cell. The procedure was carried out automatically until the analysis end point was reached. 

Stoichiometrically, 1 mole of water reacted with 1 mole of iodine; thus, reaching the end 

point meant that no more water was present in the measurement system because it had 

been bound to the generated iodine. The product of the analysis time and the current 

required to reach the end point of the titration was directly proportional to the amount of 

iodine produced, allowing the amount of water in the sample to be determined.  
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In the method using the MA 50.X2.A moisture analyzer (Fig. 2), a sample of several 

grammes was placed on the weighing pan in the drying chamber. The initial wet weight of 

the granules was automatically recorded, and the drying chamber was then heated to a set 

temperature. The weight loss of the granules as a result of moisture desorption was 

continuously recorded and the moisture content was determined from relation (1).  

 
ܿݓ   =  ௠భି௠మ

௠భ
 ∙ 100 % (1) 

 
where:  m1 – weight of wet granules 
 m2 – weight of granules after drying  

 
The temperature rise profile used was Standard, which meant a rapid rise in 

temperature from the initial state to the set temperature at which the granules were 

heated.   

 
Figure 2. MX 50 X2.A moisture analyzer. Source: Own work. 

 
The drying temperature and method used to complete the analysis for the granulate 

samples tested were optimised in order to achieve the best possible agreement between the 

water content results and those obtained using the Karl-Fischer coulometric method.  
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The increase in granules temperature required to remove moisture was achieved by 

convection and infrared radiation. It should be noted that this method of heating samples 

differs significantly from typical sample heating processes carried out in laboratory dryers, 

where convection dominates, or in industrial dryers, where hot air is moved in a controlled 

manner. The completion of the analysis equivalent to the complete removal of water from 

the sample was defined as the invariability of the granules weight  within ± 1 mg over the 

specified time. Controlling the observation time made it possible to obtain a better 

convergence of the water content results of the moisture analyzer method with the water 

content results obtained by the Karl-Fischer method, which was one of the elements of the 

validation process. Table 2 shows the drying parameters used in the moisture analyzer 

method.  

 

Table 2. Drying parameters – moisture analyzer method 

Sample Name  Drying  
Profile 

Analysis 
Temperature  

Analysis 
Completion  

Sample  
Mass  

PA Ultramid Standard  150oC 1mg/40 sec  12 g 

PA 66 GF50 EMS Standard 150oC 1mg/40 sec  12 g 

PW Makrolon Standard 115oC 1mg/60 sec  15 g 

PC Bayer APEC 2095 Standard 70oC 1mg/60 sec  12 g 

ABS Nowodur HH-12 Standard 110oC t = 28 min   13 g 

PMMA Plexiglas Standard 100oC 1mg/80 sec  15 g 

POM Derlin 90 BK 602 Standard 100oC 1mg/60 sec  13 g 

HDPE CRP 1000 Standard 100oC 1mg/60 sec  14 g 

Tarnamid T-27 GF30 NAT  Standard 120 oC 1mg/60 sec  13 g 

Alphalon 27 C Standard 125 oC 1mg/60 sec  13 g 

      
When the water content is analysed using a moisture analyzer, all substances that 

can be removed from the sample as a result of temperature increase are desorbed from the 

granules. Thus, in some cases, the obtained water content result may be subject to error due 

to the release of e.g. formaldehyde (11) during the depolymerisation process, as in the case 

of drying Polyoxymethylene (POM).  
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Test Results  
 
The results of the water content in plastic granules obtained by the Karl-Fischer method are 

shown in Table 3. The highest values were obtained for PA 6, PA 66 samples, confirming 

their hygroscopic properties, while the lowest values were obtained for HDPE, high density 

polyethylene, which has hydrophobic properties. The water content results from the KF 

method were used as reference values for the moisture analyzer method, which required 

optimisation in terms of drying parameters. 

 
Table 3. Water content in the Karl-Fischer method.  

Name Sample Mass (g) 
Analysis 

Temperature (oC) 
Water Content (%) 

PA 6 Ultramid 0.5 180 1.62 ± 0.04 

PA 66 GF50 EMS 0.5 180 1.41 ± 0.01 

PW Makrolon 1260 0.5 180 0.11 ± 0.01 

PC BAYER APEC 2095 0.5 180 0.04 ± 0.001 

ABS Nowodur HH-12 0.5 180 0.37 ± 0.04 

PMMA Plexiglas 0.5 160 0.18 ± 0.001 

POM Delrin 90 P BK602 0.3 145 0.21 ± 0.01 

HDPE CRP 1000 1.0 145 0.001 ± 0.001 

Tarnamid T-27 GF30 NAT  0.3 180 0.09 ± 0.01 

Alphalon 27 C  0.3 180 0.02 ± 0.001 

 
 The water content test using the MA 50.X2.A moisture analyzer method was carried 

out using the parameters given in Table 2. Prior to measurements, each sample was stored 

in sealed containers that were only opened when the analytical sample was taken for 

testing. The results of the water content of the plastic granules, the precision of the 

measurement, the accuracy of the analysis, and the testing time obtained using the MA 

50.X2.A moisture analyzer are shown in Table 4.  
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Table 4. Water content of plastic granules – MA 50.X2 moisture analyzer method 

  
Water Content ± 

Measurement 
Precision *) 

Analysis 
Duration 

Weight Loss  
Error in Determination 
of Water Content **) 

 (%) st. dev. (%) (min:s) (mg) ± ݔ̅ 

PA 6 Ultramid 1.62 ± 0.02 14:18  205.8 - 0.01 

PA 66 GF50 EMS 1.41 ± 0.03 15:48  202.2  0.00 

PW Makrolon 1260 0.10 ± 0.01 07:09  20.4 - 0.01 

PC BAYER APEC 2095 0.07 ± 0.01 04:04  6.2 0.03 

ABS Nowodur HH-12 0.33 ± 0.01 28:00  47.3  - 0.04 

PMMA Plexiglas 0.17 ± 0.01 15:48  30.3 - 0.01 

POM Delrin 90 P BK602 0.23 ± 0.01 09:09  31.4   0.01 

HDPE CRP 1000 0.02 ± 0.003 04:36  2.4 x 

Tarnamid T-27 GF30 NAT  0.09 ± 0.01 05:40  12 -0.003 

Alphalon 27 C  0.02 ± 0.001 01:31  2.7 0.001 

 
*) – the measurement precision was determined as the standard deviation of a series of 5 measurements.  
**) – the error in determining the water content was determined as the difference between the average water 
content obtained by the MA 50.X2 moisture analyzer method and the water content result obtained by the 
Karl-Fischer method.     

 
The highest water loss was found for hygroscopic granules PA 6, PA 66, which was in 

accordance with the results of water content obtained using the Karl-Fischer method. The 

total analysis time for these samples was approximately 15-16 minutes when a sample of 

approximately 12 g was used. The precision of the water content measurement was 0.03 %, 

which is sufficient from the metrological point of view considering the limiting moisture 

content that is required during processing of this type of plastic (Table 1). The water content 

of the polycarbonates, Makrolon 1260/ Apec 2095 varied slightly; values of 0.10 %, 0.07 % 

were obtained with a high measurement precision of 0.01 %. Apec 2095 granulate was de 

facto a condensate of standard bisphenol A (Makrolon polycarbonate) and BPTMC, thus its 

hygroscopic properties may have been slightly different to Makrolon 1260. 

 

The differences in the water content of the polycarbonates shown during the test 

could be due to the storage and transport conditions of the test samples; the water 

absorption value according to ISO 62 is 0.30 % for both polycarbonates.   
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The water content of the ABS granules was determined to be 0.33 % (using the MA 

50.X2.A moisture analyzer method) with an error of - 0.04 %, suggesting that the granules 

were slightly undried compared to the KF test.  A measurement precision of 0.01 % was 

obtained, which allows the difference in the water content results to be accounted for as a 

so-called systematic error. A constant ABS analysis time of 28 was specified during the study 

due to the very low dynamics of the sample weight change during the second drying period 

(Figure 3). For this process, the use of an analysis termination criterion based on the 

observation of changes in sample weight over time was insufficient.   

 

 
Graph 3. Dynamics of granulate weight changes during drying. 

 
The water content for PMMA and POM granules was determined with an accuracy of 

0.01 % with the same measurement precision of 0.01 %. The results showed a water content 

of 0.17 % for PMMA and 0.23 % for POM, with a weight loss of about 30 mg. A significant 

difference concerned the analysis time, which for Polyoxymethylene was about 30% shorter 

than that for Polymethylmethacrylate, which was about 16 minutes. This indicates some 

difficulty in desorbing water from the PMMA structure when the analysis temperature was 

the same for both samples, i.e. 100oC. The lowest water content was obtained for High 

Density Polyethylene (HDPE) and Alphalon 27C (0.02 %) with a precision of 0.001 % ÷ 0.003 

%. The values determined were close to the lower limit of quantification (LOQ) of the water 

content using the moisture analyzer method.  
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For the analysis of such samples, it was necessary to cool the drying chamber 

between measurements. This was to accurately determine the initial weight of the sample, 

as the total weight loss of the granules, as a result of drying, was less than 3 mg. The very 

good measurement precision values obtained for HDPE and Alphalon granules indicate that 

water content tests with the MA 50.X2 moisture analyzer method can be carried out even 

for samples with trace moisture content. It should be noted, however, that in such tests, it is 

critical to understand what phenomena occur during the analysis, both in terms of the dried 

sample and the instrument's operation. The drying process of Tarnamid T-27 required a time 

of about 6 minutes. The drying accuracy was obtained as 0.003 % with a precision of water 

content determination of 0.01 % (Table 4.). The sample weight was approximately 12 g, and 

the quantity was chosen to cover the entire surface of the weighing pan in a thin layer. 

Practice has shown that it is possible to use much higher granulate weights in the test, but 

increasing the sample weight usually leads to an underestimation of the water content. The 

temperature gradient created in the structure of the dried sample limits the desorption of 

water from the lower layers.  

 
Conclusions 
 
Testing the water content of plastic granules can be carried out using the MA 50.X2.A 

moisture analyzer, however, each measurement process needs to be optimised and the 

measuring capability of the instrument taken into account.  In the case of laboratory tests 

carried out over a short period of time, the accuracy of the analysis should be determined 

only by the precision of measurement when we assume that other parameters of the 

conducted process, such as drying temperature, sample weight, and finish mode, are 

selected optimally. In addition to technology, the human factor must be considered, i.e. a 

certain level of knowledge and the ability to apply this knowledge in practise.  

Nowadays, many devices work intuitively, so similar expectations also apply to the device 

and the method of determining the water content using a moisture analyzer. Unfortunately, 

not all processes can be automated, and understanding what processes are happening in the 

instrument and in the sample during the test is critical for evaluating the results. On the 

other hand, there is support from the manufacturer of the measuring equipment, which 
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gives hope for the development of accurate and efficient testing methods for the plastics 

processing industry. 
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