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Preliminaries 

 

To achieve the aim of WP1 ‘Realisation of moisture units’ – i.e. to create a robust basis for SI 

traceability in measurements of moisture in solids – three objectives are considered: 

1) Developing unambiguous realisation for mass fraction; 

2) Improving the realisation method for amount fraction; 

3) Establishing effective unambiguous principles of SI traceability in moisture measurements. 

In this respect, a research objective focused on studies on two cKF systems equipped with 

diaphragm cell existing at UT and BRML-INM partners. 

Based on in-depth metrologic study of the coulometric Karl Fisher method, optimal parameters 

are expected to be validated and measurement uncertainty to significantly decrease. 

  



4 

 

1. Experimental setup 

1.1 Used equipment 

1.1.1 Coulometric Karl Fischer titrator Metrohm 831 KF Coulometer at UT 

For coulometric Karl Fischer titration an 831 KF Coulometer coulometric titrator manufactured 

by Metrohm was used at UT. It can work with generator electrodes both with and without the 

diaphragm. In the standard setup, the sample must be introduced into the measurement cell 

directly, using a syringe. The coulometer has a console for controlling the system and entering 

data, the measurement results are displayed on the on-board display or are sent to a printer for 

documentation. In addition, the titrator can be connected to a computer, via an analog interface 

(RS 232). If it has the appropriate software (Tiamo), the titrator can thereafter be controlled 

directly from the computer. A photo of the device is added as Figure 5. 

The titrator has a number of parameters that the user can change. The end-point determination 

can be influenced, by changing the potential between the indicator electrodes as well as the 

titration speed at which the end-point is determined. In addition, the current used for iodide 

generation and the potential between indicator electrodes can be changed. There is a combined 

parameter for controlling the speed of titration. 

1.1.2 Oven System 874 Oven Sample Processor at UT 

The Oven Sample Processor 874 (named as oven or oven system) is an automated device for 

sample preparation and transferring the released water into the measurement cell with a stream 

of carrier gas (e.g. nitrogen). As with the coulometric titrator 831 KF, the oven system is also 

manufactured by Metrohm. The operating temperature range of the oven is (50 ... 250) °C with 

a maximum measurement deviation of ±3 °C. The oven system has a circular rack, where vials 

with the samples are placed, the rack can accommodate up to 35 samples simultaneously. The 

system conditions the measurement cell and the transfer lines prior to analysis with dry carrier 

gas. The sample preparation is based on heating the vial containing the sample until water is 

released. During the heating process either dried air or an inert gas is used as the carrier gas, 

which is passed through the vial. The water released by the sample is carried by the gas flow 

into the measurement cell. The oven system is controlled with a computer using Tiamo 

software. A photo of the device is added as Figure 6. 
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1.1.3 Control and data management software Tiamo at UT 

Tiamo is a specialised control and data management software developed by Metrohm for using 

with the various titrators, dosing devices and sample changers manufactured by the company. 

The purpose is to make laboratory automation simpler and increase sample put through. The 

software allows the user to manipulate various parameters of the devices under its control, 

monitor the analysis in real time and aid data management. Once the analysis is finished, the 

results are calculated from the raw data collected according to pre-set formulas, the results are 

saved in a database along with collected graphs. In addition, it allows to enter additional data 

regarding the sample after the analysis, if necessary. Screenshots of the software are added as 

Figures 7 and 8. 

1.1.4 DL32 Coulometric KF Titrator at BRML-INM 

At BRML-INM partner, for coulometric Karl Fischer titrations, a manual Mettler Toledo DL32 

coulometer was used. The DL32 type coulometer, presented in Figure 9, Appendix 3, is a 

microprocessor-controlled analytical instrument working in the range of (1…50 000) g H2O 

/g. 

Main technical characteristics of the measurement system include: Polarization current 

(sensor): 1 A, 2 A or 5 A; End point: 100 mV; Generator current: 60 mA, 100 mA, 200 

mA, 400 mA (automatic steps); Generator voltage: 28 V (pulsating); Max. permissible errors: 

< 0.2 %. 

The analyses can be carried out with two different types of generator electrodes: with or without 

diaphragm. The reported experiments were performed with generator electrodes with 

diaphragm (DC polarization at double platinum pin electrode, i.e. two-electrode potentiometry). 

1.1.5 DO308 Drying Oven 

The Mettler Toledo DO308 drying oven, presented also in Figure 9, Appendix 3, is attached 

to DL32 coulometer. The oven operating temperature range is (40 ... 300) °C range with a 

maximum measurement deviation of ±5 °C in the middle of the sample tube at 300 °C. The 

heating unit is controlled according to the set temperature. 

Sample exchange and sample transport into the heated zone of the oven is provided for by the 

simple transport system with a magnetic guide rod attached to the glass sample boat. 
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The sample is weighted into a glass boat, or in an aluminium foil insert, then it is slid into a 

glass tube, where it is heated. The evaporated water is transferred by means of a stream of dried 

air or nitrogen gas into the anolyte solution existing in the titration cell.  

For the dried gases, the oven is equipped with a gas drying unit (two filters, one with silica gel 

and the other one with molecular sieve). 

1.1.6 Used reagents 

For all of the experiments carried out in this study, only HYDRANAL Coulomat AG – Oil has 

been used as the anolyte and HYDRANAL Coulomat CG as the catholyte solutions. The 

condition of the reagents was assessed by monitoring the drift of the measurement system in 

stand-by mode. Drift is the speed at which water is titrated in the measurement cell. When using 

direct injection, the upper limit for drift was 10 µg/min, a drift of 5 µg/min was preferred. When 

using the oven system, the corresponding values were 20 and 10 µg/min. In addition, the 

stability of the drift in stand-by mode was monitored. A situation, where the drift value was 

high, but stable, was preferable to one where it was low, but unstable. Changing the reagent is 

described in Appendix 4. 

As recommended by the instrument producer, for optimisation and periodic checking of the 

DL32 coulometer and DO308 drying oven, Water Standard Merck 0.01 %, Water Standard 

Merck 0.1 % and Water – Standard K – F Oven 140 C - 160C (5.11 % ± 0.04%), Merck were 

also used. 

1.1.7 Gravimetric standard solution 

There is only a very limited number of certified reference materials available on the market, 

which are suitable for the coulometric Karl Fischer titration. One such sample was found and 

purchased at UT, but its uncertainty estimation was too large to provide any adequate 

information about the systematic uncertainty component. To alleviate this problem, a 

gravimetric standard solution preparation procedure (described in Appendix 5) was adopted at 

UT. The solution was prepared by mixing LC grade methanol and MilliQ water, an uncertainty 

estimation was also carried out for this solution, resulting in a very low uncertainty, having a 

negliable contribution to the overall uncertainty budget. This solution was used in the validation 

experiments of both the coulometric titrator and the oven system. For experiments involving 

direct injection, the sample was drawn into a 5 ml Braun syringe with a rubber piston and a 

needle long enough to reach the reagent in the measurement cell. When using the oven system, 

the vials, septa and caps were allowed to equilibrate under atmospheric conditions for a 
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minimum of 24 hours. Measurement series with direct injection had a minimum of 8 parallel 

measurements and the series with the oven system a minimum of 3 parallels.  

For the DL32 coulometer and DO308 drying oven, the initial experiments were performed using 

a standard solution of 0.5 g water / 100 g solution gravimetrically prepared by adding a 

calculated MilliQ water amount to 2- Methoxy – ethanol anhydrous Sigma – Aldrich. The UT 

procedure to prepare the gravimetric standard solution was also applied at BRML-INM. 

Repeatability tests and uncertainty estimation were also performed on the gravimetric standard 

solution.  

1.2 Validating the parameters of the measurement system 

To study the effects that different parameters have on the measurement result, the system was 

divided into two parts. The first is the coulometric titrator and the second the oven system. For 

both systems, the default settings provided by the manufacturer were used as reference points. 

From these points, the parameters were varied according to the capabilities of the systems used. 

1.2.1 Validation of the parameters of the coulometric titrator 

For the validation of the parameters of the coulometric titrator, only direct injection was used, 

to eliminate possible uncertainty sources otherwise present. The measurement cell used was 

equipped with a generator electrode with a diaphragm, as it reduces the risk of iodine reaching 

the cathode. The following parameters were studied: polarisation current between indicator 

electrodes, titration speed, time interval between measurement points, end-point determination 

via titration speed and indicator electrode potential. When using a generator electrode with a 

diaphragm, automatic control of the iodine generation current is preferred, the system uses 

current strengths of 100, 200 and 400 mA and also varies the length of the impulses. The effect, 

that different iodine generation currents have was not investigated separately, the variations in 

this parameter are encompassed in the experiments with different titration speed pre-sets as the 

current strength is one of the parameters varied. 

Polarisation current between indicator electrodes is an alternating current applied to two 

platinum indicator electrodes. The system allows the user to determine a fixed current that the 

system thereafter applies during the analysis. In order to keep the current as specified by the 

user, the system changes the potential between the indicator electrodes as the conductivity of 

the reagent solution changes. As the end-point is achieved, there is a sharp change in the 

potential, which is used to determine the end-point. In the experiments, polarisation currents of 

5, 10 and 30 µA were used, with 10 µA being the reference. Of the titrator parameters, this had 
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the greatest effect on titrations. When using a polarisation current of 30 µA, the titration speed 

was roughly 10 times larger than with 5 µA. As a result, the titration time for the latter was also 

significantly longer, around 7 times.  Longer titration times result in larger standard deviations, 

as the background drift is never perfectly stable and can`t be accounted for. Measurements were 

carried out on two days, for both days, a reference series with polarisation current of 10 µA was 

made. The results obtained on 831 cKF are given in Table 1 and titration graphs are added as 

Figure 1. 

Table 1. Results with varying indicator electrode polarisation current values. 

  
Polarisati

on 

current 

(A) 

Water 

content 

(mg/kg) 

Standard 

deviation 

(mg/kg) 

Titration 

time (s) 

Maximum 

titration speed 

(g/min) 

Reference 

water 

content 

(mg/kg) 

Difference 

(mg/kg) 

Relative 

difference 

(%) 
  

Measur

ement 

series I 

10 5150 34 201 966 5145 5 0.09 

30 5139 12 104 2241 5145 -6 -0.11 

Measur

ement 

series II 

10 5149 17 242 893 5145 4 0.08 

5 5032 58 697 188 5145 -113 -2.24 

 

Figure 1. Titration graphs with different indicator electrode currents 

 

The results obtained on DL32 cKF are given in Table 2 
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Table 2. Results with varying indicator electrode polarisation current values with DL32 cKF. 

 Polarisati

on current 

Water 

content 

Standard 

deviation 

Titration 

time 

Reference water 

content 
Difference 

Relative 

difference 

µA mg/kg mg/kg s mg/kg mg/kg % 

Measurement 

series I on a 

gravimetric 

standard solution 

2 5370 24 180 5354 16 0.30 

1 5311 67 192 5354 -43 -0.84 
2 5338 35 176 5354 -16 -0.32 

5 5335 19 165 5354 -19 -0.35 

Measurement 

series II on 

Water standard 

2 6147 27 187 6118 29 0.47 

1 6166 58 204 6118 48 0.80 
2 6139 31 183 6118 21 0.34 
5 6145 23 153 6118 27 0.40 

 

Note that with the DL32 cKF the largest experimental standard deviation was obtained when 

using a polarization current of 1 µA. For polarization currents of 2 µA and 5 µA, standard 

deviation, titration time and relative difference between results are in a good agreement. 

Further, in the experiments a polarization current of 2 µA was used. 

Titration speed is a combination of three sub-parameters, determining the maximum titration 

speed (iodine generation speed), the minimal titration speed and the indicator electrode 

potential, at which the minimal titration rate is used. The 831 cKF titrator has three titration 

speed pre-sets: slow, optimal and fast. In the validation experiments, all of the mentioned pre-

sets were used. There were no large differences in the measurement results obtained with 

different pre-sets, the differences between measurements series were covered by their 

corresponding standard deviations. The most notable differences between measurement series 

were in their standard deviations and titration times. The longest titration times were with the 

pre-set slow, which led to the largest standard deviation as well. For pre-sets optimal and fast, 

the titration times were similar, with optimal having surprisingly shorter titration times. This 

could be the result of significant titration speed instability observed with the pre-set fast. The 

averaged results of the measurement series are given in Table 3 and titration graphs are 

presented as Figure 3. From these results it can be deduced, that for everyday use of this system, 

the titration speed pre-set optimal is the most appropriate. Everyday use is understood as a 

measurement situation falling under manufacturer specified conditions e.g. amount of water in 

the sample around 1000 µg. When analysing samples with significantly higher water contents, 

in the region of 10000 µg or when it is crucial for the titration to be as short as possible, the 

pre-set fast is preferred. When determining very small amounts of water, the pre-set slow yields 

reasonable titration times and graphs. 
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Table 3. Results obtained with 831 cKF using different titration speed pre-sets. 

Titration speed 

pre-set 

Water 

content 

(mg/kg) 

Standard 

deviation 

(mg/kg) 

Titration 

time(s) 

Reference 

water content 

(mg/kg) 

Difference 

(mg/kg) 

Relative 

difference 

(%) 

"Slow" 5140 45 443 5135 5 0.10 

"Optimal" 5153 22 284 5135 18 0.35 

"Fast" 5152 36 304 5135 17 0.32 

 

Figure 2. Titration graphs obtained with 831 cKF using different titration speed pre-sets. 

 

With DL32 KF coulometer, iodine generation is pre-set slow, normal or fast. Slow control for 

iodine generation is suitable for samples of very low water contents (less than 50 g water per 

sample). In such cases, iodine generation is very cautious, i.e. the maximum iodine generation 

is 144 g/min. In Normal control mode, initially, iodine generation is also cautious so that low 

water contents can also be accurately determined. Normal mode is suitable for medium water 

contents (50 … 1000) g water per sample. The first 30 g are measured in the slow mode; 

iodine generation is then increased to the maximum rate in about 10 s, corresponding to 2100 

g water per sample. Fast mode is suitable for very high water contents, over 1000 g water 

per sample. Iodine generation is immediately increased, within about 5 seconds, to the 

maximum rate, corresponding to 2100 g water per sample. 

For each pre-set speed minimum 10 determinations were performed. The results obtained with 

DL32 KF coulometer are presented in Table 4. 
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Table 4. Results with different titration speed pre-sets with DL32 cKF . 

 
Titration 

speed pre-

set 

Water 

content 

(mg/kg) 

Standard 

deviation 

(mg/kg) 

Titration 

time(s) 

Reference 

water content 

(mg/kg) 

Difference 

(mg/kg) 

Relative 

difference 

(%) 
Measureme

nt series on 

gravimetric 

standard 

solution 

Slow 5179 89 332 5354 -175 -0.73 

Normal 5362 27 190 5354 8 0.15 

Fast                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                5388 42 174 5354 34 0.63 

Measureme

nt series on 

Water 

standard 

Slow 5913 108 687 6118 -205 -0.96 

Normal 6147 35  204 6118 29 0.47 

Fast 6156 47 183 6118 38 0.62 

 
A slightly increased experimental standard deviation was observed when Fast titration speed 

was used compared with Normal titration speed. As expected, at Slow titration speed the 

duration of the analysis was about 6 min and standard deviation was larger than for Normal and 

Fast modes. From these results, for everyday use of the DL 32 cKF system, the titration speed 

pre-set normal is the most appropriate. 

From Tiamo, it is possible to determine the frequency at which measurement points are 

registered, for the titrator used it was 1 – 999 seconds. Experiments were carried out with time 

intervals of 1, 2 and 3 seconds. For an electrochemical reaction, 1 second is a long period of 

time. Therefore the manufacturer was contacted to provide an explanation for this apparently 

obscure parameter. The reply implied, that the titrator registers data points independently from 

the computer and this parameter only determines the frequency they are sent to the control 

computer. Therefore, this parameter has no impact on the measurement result, as also seen in 

Table 5. 

Table 5. Results from varying the time interval between measurement points obtained with 

831 cKF. 

Time interval 

between 

measurement 

points (s) 

Water 

content 

(mg/kg) 

Standard 

deviation 

(mg/kg) 

Titration 

time (s) 

Reference 

water content 

(mg/kg) 

Difference 

(mg/kg) 

Relative 

difference 

(%) 

1 5142 17 114 5141 1 0.03 

2 5161 19 140 5141 21 0.41 

3 5159 15 126 5141 19 0.36 

 

For determining the end-point of the titration, the titrator monitors two parameters: drift 

value and the potential between indicator electrodes. Drift value is the speed, at which iodine 
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is generated in the measurement cell, for end-point determination it has two modes: absolute 

drift and relative drift. In the case of the latter, the titrator fixes the drift value at the start of the 

titration and takes it as the zero point in regard to end-point determination. This zero point or 

base line, is the result of real or apparent water diffusion into the measurement cell from the 

surrounding environment. When using the relative drift, the system is given a drift value, which 

is added to the starting value. For the end-point to be fixed, the overall drift must fall below the 

starting value plus the value given by the user. When using absolute drift, the overall drift must 

fall below under the pre-defined value, which can be problematic as this is a dynamic value and 

changes in time. Because of this, the manufacturer recommends the use of relative drift. In 

commercial use, a base drift of 20 µg/min is acceptable. During these experiments, the reagent 

was changed more frequently and therefore, the acceptable base drift was set at 10 µg/min 

without carrier gas flow. From the experiments it appeared, that absolute drift yielded better 

results, therefore the experiment was repeated with the same result. The results from both 

experiments are given in Table 6. 

Table 6. Results obtained with 831 cKF  using relative drift and absolute drift. 

End-point 

determination 

method 

Water 

content 

(mg/kg) 

Standard 

deviation 

(mg/kg) 

Starting 

drift 

(µg/min) 

Titration 

time (s) 

Reference 

water 

content 

(mg/kg) 

Difference 

(mg/kg) 

Relative 

difference 

(%) 

Relative drift 

5 µg/min 
5086 32 6 151 5132 -46 -0.90 

Relative drift 

5 µg/min 
4824 8 2 180 4802 22 0.46 

Absolute drift 

5 µg/min 
5129 16 6 208 5132 -3 -0.06 

Absolute drift 

5 µg/min 
4815 7 2 200 4802 13 0.15 

 

The DL32 Karl Fisher coulometer has four different termination criteria: Delay, Absolute drift 

stop, Relative drift stop and Maximum titration time. With Delay termination criterion, the 

titration is terminated as soon as the potential remains below the end point for a defined period 

of time following the addition of an increment of iodine. With the DL32 cKF, the smallest 

increment is set to 0.1072 mC, corresponding to 0.01 g water. The delay time needs to be 

adapted to the initial drift. With Absolute drift stop, the titration is terminated as soon as the 

actual drift drops below the absolute drift value defined. The value for the absolute drift stop 

(typically 20 g/min) needs to be adapted to the initial drift. In the case of Relative drift stop, 

the titration is terminated as soon as the actual drift drops below the sum of the initial drift (the 
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drift before titration) and the relative drift. This criterion is independent of the initial drift. With 

Maximum titration time, after the defined time has elapsed, the titration is terminated and the 

result is printed. This criterion is expected to yield in practice the best accuracy and 

reproducibility. 

Experiments were performed both with absolute drift stop and relative drift stop criteria. The 

results are summarized in Table 7.  

Table 7. Results with relative drift and absolute drift with DL32 cKF system. 

 
End-point 

determination 

method 

Water 

content 

(mg/kg) 

Standard 

deviation 

(mg/kg) 

Starting 

drift 

(µg/min) 

Titration 

time (s) 

Reference 

water 

content 

(mg/kg) 

Difference 

(mg/kg) 

Relative 

difference 

(%) 

Gravim

etric 

standard 

solution 

Relative drift 

10µA 
5340 21 4 165 5354 -14 -0.26 

Absolute Drift 

10µA 
5359 13 6 190 5354 5 0.10 

Water 

standard 

Relative drift 

10µA 
6139 26 4 181 6118 21 0.34 

Absolute Drift 

10µA 
6129 17 6 204 6118 11 0.18 

 
For a base drift set at 10 µA without carrier gas flow, the absolute drift yielded better results 

than with relative drift.  

For end-point determination, the 831 KF titrator also used indicator electrode potential, which 

the user can manipulate. Potentials of 40, 50 and 60 mV were used and no significant 

differences between the results of the measurement series were found. Only marked difference 

was in the titration times, with the highest potential, the titration time was about 35 % longer 

than with lower potentials. The results are presented in Table 8. 

Table 8. End-point determination with 831 cKF  using different indicator electrode potentials. 

End-point criterion 

(mV) 

Water 

content 

(mg/kg) 

Standard 

deviation 

(mg/kg) 

Titration 

time (s) 

Reference 

water content 

(mg/kg) 

Difference 

(mg/kg) 

Relative 

difference 

(%) 

50 5129 29 171 5132 -3 -0.06 

40 5142 20 177 5132 10 0.20 

60 5139 23 244 5132 7 0.14 

 

For DL32 cKF the manufacturer recommends the potentials of 100 mV or 50 mV for the end 

point. Results obtained at these two values of potential are presented in table 9. 
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Table 9. End-point determination with different indicator electrode potentials for DL32 cKF. 

 
End-point 

criterion 

(mV) 

Water 

content 

(mg/kg) 

Standard 

deviation 

(mg/kg) 

Titration 

time (s) 

Reference 

water 

content 

(mg/kg) 

Difference 

(mg/kg) 

Relative 

difference 

(%) 

Gravimetric 

standard solution 

50 5340 13 165 5354 -14 -0.26 

100 5355 27  178 5354 1 0.02 

Water standard 

50 6132 21 169 6118 14 0.23 

100 6146 19 185 6118 28 0.46 

 

No significant differences were observed in standard deviation when using different end-point 

criterion. 

1.2.2 Validation of the parameters of the oven system 

From the control computer, the user can change two parameters of the oven system: the oven 

temperature and the carrier gas flow speed. When using direct injection, samples are in a liquid 

form and their mixing with the reagent solution does not take a very long time. Therefore the 

scope of the validation is far wider than one particular sample. A similar approach cannot be 

applied however to the oven temperature. A certain temperature might be optimal for one 

sample, insufficient to initialise the release of water from a second sample and too high for the 

third, resulting in sample decomposition.  Because of this, oven temperature is something that 

must be experimentally optimised for every sample material separately.  

Carrier gas flow rate determines the volume of gas directed into the measurement cell in a 

unit of time. The manufacturer of the 874 oven sample processor gave a range of carrier gas 

flow speeds that are usually applied: 40 to 60 ml/min. For the experiments, carrier gas flow 

speeds of 40, 50 and 60 ml/min used. The samples used were the gravimetric standard solution, 

a certified reference material and alpha-D-lactose monohydrate. Multiple samples were 

included to introduce some variety in matrices. Overall, the measurement results with different 

samples were in good accordance. For all samples, the largest differences from reference values 

were observed with the lowest flow speeds. The highest flow speed resulted in somewhat higher 

differences than the medium flow speed, which yielded the best measurement result. Tables 10, 

11 and 12 present results obtained with the 874 oven sample processor. 
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Table 10. Measurement results of the certified reference material with different carrier gas 

flow speeds of the 874 oven sample processor. 

Carrier gas flow 

speed (ml/min) 
Water content 

(mg/kg) 

Reference 

water content 

(mg/kg) 

Titration 

time (s) 
Difference 

(mg/kg) 

Relative 

difference 

(%) 

40 9617 9700 638 -83 -0.86 

50 9675 9700 642 -25 -0.26 

60 9674 9700 658 -26 -0.27 

 

Table 11.  Measurement results of alpha-D-lactose monohydrate with different carrier gas 

flow speeds of the 874 oven sample processor. 

Carrier gas flow speed 

(ml/min) 
Water content 

(mg/kg) 

Reference 

water content 

(mg/kg) 

Titration 

time (s) 
Difference 

(mg/kg) 

Relative 

difference 

(%) 

40 50095 49748 677 347 0.70 

50 49863 49748 586 115 0.23 

60 49744 49748 552 -4 0.01 

 

Table 12.  Measurement results of the gravimetric standard solution with different carrier gas 

flow speeds of the 874 oven sample processor. 

Carrier gas flow 

speed (ml/min) 
Water content 

(mg/kg) 

Reference 

water content 

(mg/kg) 

Titration 

time (s) 
Difference 

(mg/kg) 

Relative 

difference 

(%) 

40 5243 5209 850 34 0.65 

50 5220 5209 735 11 0.22 

60 5305 5209 786 96 1.85 

 

For the system Dl32 coupled with DO308 the temperature oven and the flow of carrier gas are 

manually set. The maximum flow of the carrier gas is 150 ml/min. Both air and nitrogen can be 

used as carrier gases. In general, the carrier gas flow used for water vapor transfer needs to be 

large enough to transfer the released moisture as quickly as possible to the titration vessel, and 

to guarantee the complete absorption of the water in the titration solution. If the flow is too 

high, the water will not have time to be absorbed in the anolyte solution and, thus, it will not be 

measured. On the other hand, if the flow is too low, the water from the sample could then 

condense in the tubes and never reach the titration vessel. The experiments were performed on 

samples of α-D-Lactose x H2O of  0.03 g at three different gas flows of: 80; 100 and 120 

ml/min. The results are summarised in Tables 13 and 14. 
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Table 13. Measurement results of alpha-D-lactose monohydrate with different carrier gas 

flow speeds with DL32-DO308 cKF system. 

Carrier gas flow speed 

(ml/min) 
Water content 

(mg/kg) 

Reference 

water content 

(mg/kg) 

Titration 

time (s) 
Difference 

(mg/kg) 

Relative 

difference 

(%) 

80 50524 49956 703 568 1.14 

100 50006 49956 735 50 0.10 

120 49918 49956 695 -38 -0.08 

 

Table 14. Measurement results of the gravimetric standard solution with different carrier gas 

flow speeds with DL32-DO308 cKF system. 

Carrier gas flow 

speed (ml/min) 
Water content 

(mg/kg) 

Reference 

water content 

(mg/kg) 

Titration 

time (s) 
Difference 

(mg/kg) 

Relative 

difference 

(%) 

 80 51765 51100 703 665 1.30 

100 51463 51100 716 363 0.71 

120 51185 51100 722 85 0.17 

  

With the system DL32 coupled with DO308 the temperature is set manually. For each type of 

sample, an optimum temperature interval also needs to be determined. For chemically bound 

water to be released generally the highest temperature possible without causing melting, 

excessive release of other volatiles etc. should be used. A melted sample may form an 

impermeable skin and trap moisture, producing a lower result. If the melting temperature is 

known, a temperature 10 or 20 degrees lower must be set. 

A case considered was α-D-Lactose x H2O having the melting point of 223 C. Studies revealed 

that for this material the loss of water of crystallization occurred at 153 ◦C and optimal 

temperature recommended for coulometric Karl – Fischer oven system is 155 C. In the present 

study, the recommended temperature and two other temperatures were set in a range of variation 

of ± 5 C (150 C and 160 C). The results are illustrated in Table 15. 

Table 15. Measurement results of alpha-D-lactose monohydrate with different temperatures 

with DL32-DO308 cKF system. 

Temperature set 

(C) 
Water content 

(mg/kg) 

Reference 

water content 

(mg/kg) 

Titration 

time (s) 
Difference 

(mg/kg) 

Relative 

difference 

(%) 

150 49533 49956 722 -423 -0.85 

155 49859 49956 714 -97 -0.19 

160 50106 49956 735 150 0.30 
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Consequently, for each material studied in this project the optimal temperature of water 

vaporization was established by experiments. However, the instrument is relatively insensitive 

to the exact temperature used. 

 

1.3 Linearity evaluation 

To give an estimation of linearity for the titrator with the oven system, an experiment was 

compiled consisting of five measurement series. The sample used was the gravimetric standard 

solution, to avoid possible side reactions or matrix effects. Each measurement series consisted 

of three to four separate measurements, the results were averaged and a graph of reference 

content vs. measured content was constructed. The linearity was estimated by comparing the 

intercept with its standard deviation. In the case of the 831 cKF the intercept was only 1.3 times 

larger than its standard deviation, and therefore statistically irrelevant. The square of the 

correlation coefficient for the graph was 0.9996 (added as Figure 3). 

Figure 3. Evaluation of linearity of the 831 cKF with the 874 oven sample processor. 

 

 

The linearity of DL32-DO308 system was evaluated on 3 calibration plots at 6 levels of water 

content consisting of 500, 1000, 1500, 2000 and 2500 µg/sample. For these experiments, the 

reference material Merck of 51100 mg/kg ± 400 mg/kg (5.11% ± 0.04%) was used. As indicated 

in figure 4, a correlation coefficient of 0.9994 was obtained. 
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Figure 4. Estimation of linearity of the DL32-DO308 system. 

 
 
The intercept was 1.4 times larger than its standard deviation, therefore statistically irrelevant. 

The y-intercept, corresponds to 43.89 µg which is a good value matches well with the 

requirements of the validation of the oven Karl – Fischer coulometric titration methods.                                                                                                               

1.4 Estimating the limit of detection 

An estimate of the limit of detection was given for the titrator using direct injection and the 

oven system separately. For the estimation, of the limit of detection using the direct injection, 

the ICH guide was taken as the basis, where one of the options for estimating limit of detection 

is the signal to noise ratio. In the case of coulometric Karl Fischer, the noise value is the base 

drift resulting from the diffusion of water from the environment into the measurement cell and 

the signal is the water released from the sample. The ICH guide gives limit of detection, when 

the signal to noise ratio is between 2.1 – 3. 

When analysing samples with very low water content using the 831 cKF, such situation was 

achieved when 1.4 µg of water was titrated. However, this value depends on the condition of 

the measurement cell, instrument parameters and the sample.  

The limit of detection when using the 831 cKF with the oven system was estimated using the 

measurement results of blank vials. ICH gives the following option: limit of detection is 3.3 

times the standard deviation of the blank analysis divided by the slope of the calibration graph, 

using this approach, a limit of detection estimate of 8.2 µg was obtained for the measurement 

system. 
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For DL32-DO308 system the limit of detection was determined based on the Signal-to-Noise 

ratio. Determination of the signal-to-noise ratio is performed by comparing measured signals 

from samples with known low concentrations of analyte with those of blank samples and 

establishing the minimum concentration at which the analyte can be reliably detected. A signal-

to-noise ratio between 3:1 or 2:1 is generally considered acceptable for estimating the detection 

limit. Using direct injection, samples with very low water content (the solvent used for the 

preparation of gravimetric standard solution) were measured. The solvent was fortified with 

water at a very low concentration and measured 10 times. Same solvent was used as blank and 

a value of 2 µg H2O was obtained. Consequently, a limit of detection of 11 µg was obtained 

with DL32-DO308 system by dividing 3.3*sblank with the slope of calibration graph. 

2. Estimation of measurement uncertainty 

A large number of measurements with different samples and two different sample introduction 

methods permitted the creation of measurement uncertainty estimations for various 

measurement situations. In addition it allows the characterization of the measurement systems 

capabilities as well as real measurement situations, when analysing real samples. Therefore a 

list of different measurement situations is given below: 

1. Measurement uncertainty of the coulometric titrator with direct injection of a very 

simple sample. 

2. Measurement uncertainty using the vaporization method for water content 

determination in a very simple sample. 

3. Measurement uncertainty using the vaporization method when analysing real samples. 

4. Measurement uncertainty using the vaporization method when analysing real samples, 

including variations in measurement systems parameters. 

5. Measurement uncertainty using the vaporization method for the analysis of real 

samples, including variations in measurement systems parameters and sample 

instability in different environmental conditions.  
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2.1 Estimation of measurement uncertainty for different 

measurement situations 

For the estimation of measurement uncertainty for the situations described before, the 

following uncertainty components were calculated: 

 Sample preparation „robustness“ component u(SRs). This calculated component aims 

to give an uncertainty estimation for a situations, when the samples is kept under 

different, normal with regard to moisture content determination, environmental 

conditions. This uncertainty component characterizes the short term stability of the 

sample. The samples used to estimate this component were alpha-D-lactose 

monohydrate and calcium oxalate monohydrate. Both samples had exhibited reasonable 

moisture content stability in previously. For these experiments, the samples were kept 

under different environmental conditions with relative humidities ranging from 0% to 

100%. To avoid sample nonhomogenization they were spread on Petri dishes to create 

a larger surface area. 

 Reproducibility with direct injection u(RcKF). For the estimation of this uncertainty 

component, measurement results of a gravimetric reference solution were used. These 

results were obtained over a period of 30 days, using the same analysis method. Every 

experiment consisted of 6 to 10 parallel measurements, the experimental standard 

deviations of these series were used to calculate a pooled standard deviation. To 

compensate for the inherit moisture content instability of the sample, the moisture 

content of the pure solvent used was determined separately for each measurement series. 

 Reproducibility with the vaporization method u(ROcKF). To calculate this component, 

the measurement results of the gravimetric reference solution were used. A certified 

reference material was also analysed, but the expanded uncertainty assigned to it was 

large enough to accommodate all of the measurement results. Therefore, measurement 

results of the latter were not used in this instance. 

 Reproducibility with the vaporization method when analysing real samples u(ROcKF_s). 

A selection of real samples were used to calculate this particular uncertainty component. 

Since the moisture contents measured were in a wide range, the samples were further 

divided into two groups: low water content (less than 1g H2O/100g) and high water 

content (more than 1g H2O/100g). When low moisture contents are observed, random 
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environmental effects have a greater impact on the reproducibility than in the case of 

higher water contents. The result was calculated from three different samples in the 

lower water content range and from six samples in the higher water content range. 

 Component for the estimation of the robustness of the measurement system u(SOcKF). 

This component is composed of all of the results obtained from varying different 

parameters of the measurement system. The only parameter excluded is the temperature 

of the oven system, as it is highly dependent on the sample analysed and should be 

optimized separately. 

 Component for accounting sample storage under sub-optimal conditions u(Ss_ex). This 

component is calculated from the measurement results of samples, which exhibited 

remarkable moisture content stability over time and relatively stable samples which 

were under sub-optimal conditions. 

 Systematic component of the coulometer biascKF accounts for the Karl Fischer reaction 

stoichiometry and the trueness of current measurement and integration of the results. 

Measurement results from the analysis of separate gravimetric reference solutions were 

used to calculate this component. 

 Systematic component of the measurement system when using the vaporization method 

biasO-cKF. It takes into account the Karl Fischer reaction stoichiometry, trueness of 

current measurement and additionally the yield of water absorption from the gas phase 

by the reagent. Measurement results from independent reference solutions were used 

for calculating this component. It was intended to use a CRM for this purpose, however 

the expanded uncertainty assigned to it was large enough to accommodate all 

measurements – therefore quantification of this component was impossible from these 

results. 

2.1.1 Measurement uncertainty of the coulometer using direct injection 

Adhering to the Nordtest approach, the uncertainty estimation is composed of two parts: 

repeatability and bias (systematic component). All of the measurement results used to calculate 

this component were obtained by reference solution analysis with direct injection. The use of 

direct injection should exclude some possible uncertainty sources present when using the 

vaporization method (e.g. carrier gas water content). The obtained uncertainty estimation (Table 

16) characterises the best possible situation, when the sample contains little or no interfering 
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components. It gives a measure of the capabilities of the coulometric titrator. The uncertainty 

for this situation was calculated using the following formula: 

 
 

(1) 

 

Table 16. Coulometric titrator 831 cKF uncertainty estimation when using direct injection. 

Relative combined standard uncertainty 

u(RcKF) 0.405% 

biascKF 0.239% 

uc 0.470% 

 

Using the above described procedure, in the case of the manual DL32 system the u(RcKF) was 

0.677 %, the biascKF was of 0.387 %. Consequently the combined uncertainty was of 0.78 %, 

higher than in the case of an automated system. 

 2.1.2 Measurement uncertainty of the coulometer using the oven system 

For the estimation of measurement uncertainty of the titrator when using the oven system, 

measurement results of the gravimetric reference solution were used, the moisture content 

uncertainty of which was known. The use of this solution allowed for the reference moisture 

content to be calculated directly from the weighting data. The uncertainty for this measurement 

situation (Table 17) was calculated using the following formula: 

 
 

(2) 

 

Table 17. Measurement uncertainty estimation of the 831 cKF coulometer when using the 874 

oven system. 

Relative combined standard uncertainty 

u(ROcKF) 0.463% 

biasO-cKF 0.551% 

uc 0.720% 

 

Using the above described procedure, in the case of DL32-DO308 system the u(ROcKF) was 

0.665 %, the biasO-cKF was of 1.53 %. Consequently the combined uncertainty was of 1.81 %. 
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Note that the combined standard uncertainty was estimated using Water – Standard K – F 

Oven 140 C – 160 C (5.11 ± 0.04) %. 

2.1.3 Measurement uncertainty of the coulometer when using the oven 

system for the analysis of real samples 

In this measurement situation, measurement results from various real samples were included as 

well, in addition to the measurement results of reference samples. Because real samples have 

often more complex matrixes than reference samples. Furthermore, the moisture content of real 

samples can be more unstable in time and some samples are thermally unstable. Differing from 

the two previous measurement situations, this time the samples were divided into two categories 

according to their measured moisture contents: low moisture content (less than 1 g/100g) and 

high water content (more than 1 g/100g). Therefore, the measurement uncertainty estimation is 

given separately for both sample groups (Table 18). The uncertainty for this measurement 

situation was calculated using the following formula: 

 
 

(3) 

 

Table18. Measurement uncertainty estimation of the 831 cKF coulometer using the 874 oven 

system for the analysis of real samples. 

Relative combined standard uncertainty 

  
Low moisture 

content 

High moisture 

content 

u(ROcKF_s) 7.74% 1.78% 

biasO-cKF 0.551% 0.551% 

uc 7.76% 1.87% 

 

For the DL32-DO308 system, α-D-Lactose x H2O and calcium oxalate x H2O were used at a 

water content of about 5 % and 12.34 % respectively. Using the same equation (3) the results 

are presented in Table 19. 
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Table19. Measurement uncertainty estimation of the DL32-DO308 coulometer using the oven 

system for the analysis of real samples. 

Relative combined standard uncertainty 

 α-D-Lactose x H2O Calcium oxalate x H2O 

u(ROcKF_s) 2.16 % 2.38 % 

biasO-cKF 1.53 % 1.53 % 

uc 2.65 % 2.83 % 

 

2.1.4 Measurement uncertainty estimation of the coulometer using the oven 

system for the analysis of real samples, applicable for other sets of 

parameters 

The aim of this section is to give an uncertainty estimation for the measurement system as a 

whole, when using the oven system and taking into account possible variations of parameters, 

in order to account for possible differences in the methods used in different laboratories. 

Furthermore, as sample preparation was identified as a possible uncertainty source, additional 

experiments were made in order to obtain an estimation of this uncertainty component. As seen 

in Table 20, additional uncertainty components u(SRs) and u(SOcKF) were introduced. The 

resultant relative combined uncertainty was calculated using the following formula: 

 
 

(4) 

 

Table 20. Measurement uncertainty estimation of the 831 cKF with the 874 oven, taking into 

account possible modifications of parameter values, using the oven system for the analysis of 

real samples. 

Relative combined standard uncertainty 

  Low moisture content 
High moisture 

content 

u(ROcKF_s) 7.74% 1.78% 

u(SRs) 0.439% 0.439% 

u(SOcKF) 0.546% 0.546% 

biasO-cKF 0.551% 0.551% 

uc 7.79% 1.99% 

 

Using the above described procedure, in the case of the manual DL32-DO308 system, for α-D-

Lactose x H2O and calcium oxalate x H2O measured in various environmental conditions, with 
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the parameters of the oven system also changed, the relative combined standard uncertainty is 

given in Table 21. 

Table 21. Measurement uncertainty estimation of DL32-D0308 coulometer, taking into account 

possible modifications of parameter values, using the oven system for the analysis of real 

samples.  

Relative combined standard uncertainty 

 α-D-Lactose x H2O Calcium oxalate x H2O 

u(ROcKF_s) 2.16% 2.38% 

u(SRs) 0.647% 0.647% 

u(SOcKF) 0.695% 0.695% 

biasO-cKF 1.53% 1.53% 

uc 2.82% 2.98% 

 

 

2.1.5 Measurement uncertainty of the instrument when analysing real 

samples and including unreasonable sample storage 

Real conditions in laboratories are often not optimal. Laboratories have often different and 

poorly controlled humidity conditions, as well as insufficient knowledge and experience in 

moisture metrology. These factors can introduce a significant source of measurement 

uncertainty, which this situations aims to cover. For this, an additional uncertainty 

component u(Ss_ex) was introduced (Table 22), which accounts for unreasonable sample 

storage and preparation. The latter is defined as a situation when the sample is left open for 

over 24 hours under adverse environmental conditions. This will bring upon a change in the 

moisture content of the sample, the direction of this change depends on the moisture content 

of the sample and the environment it is subjected to. The uncertainty for this measurement 

situation was calculated using the following formula: 

 
 

(5) 
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Table 22. Measurement uncertainty of the 831 cKF with the 874 oven when analysing real 

samples and including unreasonable sample storage 

Relative combined standard uncertainty 

  Low moisture content High moisture content 

u(ROcKF_s) 7.74% 1.78% 

u(SRs) 0.439% 0.439% 

u(Ss_ex) 5.42% 2.03% 

u(SOcKF) 0.546% 0.546% 

biasO-cKF 0.551% 0.551% 

uc 9.49% 2.84% 

 

2.1.6 Measurement uncertainty estimation for two problematic samples 

This uncertainty estimation was made to give an example of how it can be done and what would 

be the values for real samples. One of the samples was luciferin (with a low moisture content) 

and the other was wood pellets (high moisture content). Repeatability and reproducibility 

measurements were made with both samples over multiple days. As only the instrument in our 

laboratory was used and the samples were handled as best as possible, only two uncertainty 

component were left (Table 23). 

 
 

(6) 

 

Table 23. Measurement uncertainty using the 831 cKF with the 874 oven for measuring two 

problematic samples 

Uncertainty components 

  Luciferin Wood pellet 

u(Rsample) 13.4% 1.40% 

biasO-cKF 0.551% 0.551% 

uc 13.4% 1.50% 
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One type of the problematic sample depicted during analysing water content with DL32-DO308 

system was the paper of different densities. In such cases the sample had to be introduced in 

the oven through an upper hole. The results are presented in Table 24. 

Table 24. Measurement uncertainty estimation of DL32-D0308 coulometer for two 

problematic samples 

Relative combined standard uncertainty 

 Writing paper 

(5 % water content) 

Packaging paper 

(10 % water content) 

u(ROcKF_s) 8.41 % 4.47 % 

u(SRs) 0.647% 0.647% 

biasO-cKF 1.53% 1.53% 

uc 8.57 % 4.77 % 
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Summary 

The focus of this work was to validate all parameters of the coulometric Karl Fischer titrator 

equipped with an oven and to give measurement uncertainty estimates for different analysis 

situations, including analysis of real samples. Around 1000 analyses with 17 different sample 

matrixes were made with 831 cKF type. Approximately 500 analyses with 10 different sample 

matrixes were performed with DL32-DO308 manual cKF system. The water content of the 

samples varied between 0.01 to 23 g/100g.  During validation, it was found that only one 

parameter of the 831 cKF coulometric titrator had a significant influence on the result – 

polarization current between indicator electrodes. Changing this parameter altered the 

maximum speed of titration, therefore it had a strong effect on the titration times. Longer 

titration time has a negative impact on repeatability and accuracy, especially if the analysis 

takes longer than 15 minutes. In the latter case, interfering effects from the surroundings (most 

importantly, diffusion of water into the cell) become important and they are very difficult to 

quantify. In the case of DL32-DO308 cKF system, critical parameters were found to be the end 

point termination criterion and gas flow speed. Since the equipment allows limited pre-set 

values of polarisation current, titration speed etc., the producer recommended values need to be 

considered in practice.  

When analysing only reference samples with direct injection, a fairly low relative combined 

standard uncertainty of 0.5% was obtained with 831 cKF system. Interestingly, when using the 

oven system, the relative combined standard uncertainty was 0.7% which implies that the 

uncertainty originating from the oven is not bigger than that from the system itself. In the 

beginning of the thesis, it was expected, that the oven system will contribute more to the 

uncertainty. However, it seems that the oven system is well engineered. As expected, for a 

manual system the obtained standard uncertainties were higher due to poorer reproducibility 

with direct injection.  

Because the oven system can be utilized to analyse a wide variety of samples, separate 

measurement uncertainty estimation was carried out for the analysis of real samples. In 

addition, samples were divided into two groups: low water content (up to 1 g/100g) and high 

water content (more than 1 g/100g). A relative combined standard uncertainty of 7.8% was 

obtained for samples with a low water content and 1.9% with high water content in the case of 

831 cKF system. For DL32-DO308 cKF system, a relative combined standard uncertainty of 
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2.98 % was obtained for samples having a water content of about 12.34 %. For samples with 

water content of around 5 %, a relative combined standard uncertainty of 2.82 % was obtained. 

To broaden the scope of this research, measurement uncertainty estimation was also carried out 

for other measurement systems, by including an additional uncertainty component, which takes 

into account differences in the parameters used. For samples with a low water content, a relative 

combined standard uncertainty of 7.8% was obtained, for samples with a high water content a 

relative combined standard uncertainty of 2.0% was obtained. When a component that takes 

into account sample storage under non-optimal conditions, relative combined standard 

uncertainties of 9.5% (low water content) and 2.8% (high water content) were obtained. The 

latter estimates characterizes very well water content instability of real samples.  

Additionally, measurement uncertainty estimations were made for two samples separately. One 

of these was luciferin acid, which had an average water content of 0.05 g/100g, a relative 

standard measurement uncertainty of 13% was obtained. The second sample chosen was wood 

pellets, which had an average water content of 6.8 g/100g. For the latter, a relative standard 

measurement uncertainty of 1.5% was acquired. 

For problematic samples such as writing paper samples containing 5 g/100g water, a relative 

standard measurement uncertainty of 8.6 % was obtained using the DL32-DO308 cKF system 

with a feasible possibility to lower down after better studying the interaction between the 

environment and sample handling.  

It was found, that in some situations, the uncertainty component form variances in system 

parameters can have a significant contribution to the overall uncertainty budget (up to 10% in 

some cases). In addition, the temperature of the oven system must be carefully defined when 

analysing real samples, which becomes critical with samples that are thermally unstable. One 

of the most valuable outputs of this work are the detailed measurement procedures developed 

for moisture content determination in wood pellets and luciferin, both of which are difficult 

samples. 

If the temperature of the oven system is excluded, the largest contributor to the uncertainty 

budget is the sample. Its contribution is highly dependent on the sample type and can reach up 

to 99% of the total uncertainty budget, as result of moisture content instability. In addition, 

insufficient sample homogenization can cause problems, leading to differences within the 

sample. The uncertainty contribution from the sample can be minimized with proper working 

procedures, however, a situation free from random effects cannot be achieved. It can be 
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concluded, that the uncertainty component from sample instability is far larger than the 

component from the coulometric titrator. This claim is supported by interlaboratory comparison 

results: uncertainty form the manuals of the systems used is minute compared to the 

complications of a real sample. 
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Appendixes 

Appendix 1 

Primary method requirements 

• Primary method does not require calibration with the analyte – no calibration graph. 

• All significant uncertainty sources of a primary method are identified and their contribution 

to the overall uncertainty budget is known. 

• The measurement results obtained with a primary method have a very low measurement 

uncertainty. 
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Appendix 2 

Oven (vaporization) system scheme of the 874 oven sample processor 
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Appendix 3 
Photographs of the measurement system used at UT 

Figure 5. Measurement cell with a generator electrode with a diaphragm (831 cKF). 

 

Figure 6. Oven system, 874 Oven Sample Processor 
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Figure 7. Opened database in the control software Tiamo. 

 

 

Figure 8. Method development in Tiamo 
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Photographs of the measurement system used at BRML-INM 

Figure 9. Measurement cell with a generator electrode with a diaphragm (DL32) and oven 

(DO308). 
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Appendix 4 
Changing the reagent of a coulometric Karl Fischer titrator 

1. Turn off the titrator and disconnect both generator- and indicator electrodes. 

2. Lift the measurement cell of its stand. 

3. Remove the generator electrode from the cell, remove the top part of the generator 

electrode (drying tube) and pour out the catholyte solution. NB! If a generator electrode 

without a diaphragm is used, there is no separate catholyte. 

4. Pour out the anolyte solution from the measurement cell, take care not to lose the 

magnetic stirrer. 

5. Remove any other details from the measurement cell. 

6. Rinse the cell multiple times with pure water, if some residues remain, use a brush. 

Thereafter rinse the cell a few times with ethanol (or methanol) and leave it to dry. 

7. Rinse the indicator electrode with either ethanol or methanol and place it gently on a 

piece of paper to dry. 

8. Rinse the generator electrode with ethanol or methanol (which ever has a lower water 

content). Over a period of two to three months, or as needed, clean the generator 

electrode with a mix of concentrated sulphuric acid and concentrated hydrogen 

peroxide. 

a. Place the generator electrode in a flask and fix it with claw, a few millimetres 

above the bottom of the flask. 

b. Pour sulphuric acid into the cathode compartment, enough to form a column 

approximately few centimetres high and add about ten times less hydrogen 

peroxide.  

c. Allow the mixture to rest for around 30 minutes. 

d. Rinse the electrode multiple times with either methanol or ethanol. 

9. Heat all of the components (electrodes and cell) with a hot air blower (a hair drier is 

enough) for the water to desorb from their surfaces. 
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10. Once all of the components are cleaned and dried, place the electrodes back into the 

measurement cell and pour in new reagent. If original seals are not used, they can be 

fashioned from PTFE tape (these must be replaced from time to time). 
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Appendix 5 
Preparation of reference solutions and analysing it with cKF 

1. Sampling methanol. 

1.1. Allow the container that you want to use, to equilibrate for at least 24 hours. 

1.2. Weigh the container with its septa (using a balance with the highest possible resolution 

in that region). 

1.3. Pour methanol into the container and seal it immediately to limit contamination. 

 

2. Determination of methanol moisture content. 

2.1. Carry out a measurement series of pure methanol to determine its own water content. 

Take the sample through the septa with a syringe, to avoid pressure differences, 

puncture the septa with another syringe that is filled with molecular sieves (“drier”). 

2.2. If measurements are also planned with the oven system, measure the methanol water 

content with the oven system as well. 

3. Spiking with water. 

3.1. Weigh the container with the added methanol and calculate the mass of methanol in it. 

3.2. From the mass and moisture content of methanol, you can calculate the amount of water 

that must be added to achieve the desired moisture content. 

3.3. Draw the amount water needed in a syringe. 

3.4. Add the water through the septa. 

3.5. Weigh the container again to determine the exact amount of water added, from that the 

reference water content can be calculated. 

4. Moisture content determination: 

4.1.1. Direct injection –three to five measurements with good repeatability (first 

measurements are usually higher, these are excluded), a total of around 8 

measurements are required. 

4.1.1.1. Take enough sample for all measurements in one syringe, to avoid 

pressure differences use the “drier”. 

4.1.1.2.  Calculate the sample mass for each injection from the weight differences 

of the syringe. 

4.1.2. Oven system – three blank vial measurements at the start of the series, followed 

by about six parallel measurements with the sample, sample amounts as uniform 

as possible. 
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4.1.2.1. Vials and caps need to equilibrate at least 24 hours prior to their use. If 

possible, the blank vials should be analysed at different points during the 

analysis. 

4.1.2.2. Add the sample into the vials though the septa and use the “drier” to avoid 

pressure differences. 

4.1.2.3. If possible avoid preparing the samples many hours before the analysis. 

For a better comparison, carry out measurements with both direct injection and the oven system 

on the same day. 
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Appendix 6 
O-cKF method development for a new sample  

1. First gradient 

1.1. The sample amount should be minimal, however no less than 10 mg when using an 

analytical balance.  

1.2. The gradient should cover a wide temperature range, for example 50-250°C and the 

speed of the gradient can be relatively high, approximately 10 °C/min.  

1.3. Plot the results on a graph and determine the temperature, at which the water is released. 

This analysis will also provide a rough indication of the moisture content of the sample. 

1.3.1. If no water is seemingly released from the sample, the experiment should be 

repeated with a larger sample amount. 

2. Second gradient 

2.1. Adjust the sample amount, so the absolute water content in the sample is around 1000 

µg. 

2.2. The temperature range should be smaller and the gradient slower. The temperature 

range must cover the area where water was released. 

3. A method fit for purpose 

3.1. Better repeatability is achieved with methods using a constant temperature. 

3.2. With a constant temperature, there is no need to cool the oven system and sample put 

through is higher. 

3.3. The temperature used should be correlate to the water release maximum, if no sample 

decomposition occurs. 

4. Validation  

4.1. Analysis at different temperatures, measurements should be made at least on three 

different temperatures. One of these would be the previously selected temperature, the 

second 10°C above and the third 10°C below that point. At each temperature point, 

three parallel measurements should be made. 
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4.2. To estimate reproducibility, measurement at the selected temperature should be made 

on two additional days, each day three parallel measurements. 
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Appendix 7 
 

Data and formulas used to calculate bias of the 831 cKF measurement system when using the 

874 oven.  

 
Reference 

content 
(mg/kg) 

Measurement 

result (mg/kg) 

Standard 

deviation 

(mg/kg) 

Standard 

deviation 

(%) 

Number of 

measurements 
Difference 

(mg/kg) 
Difference 

(%) 

Solution 

3-1 
4926 4945 6 0.13 5 19 0.38 

Solution 

3-2 
4926 4976 18 0.36 5 50 1.0 

Solution 

3-3 
4926 4942 36 0.74 5 -3 -0.05 

Solution 

4 
5074 5102 29 0.56 3 28 0.56 

Solution 

5 
5209 5220 17 0.33 5 11 0.22 

 

Data used to calculate bias of the DL 32 measurement system with DO308 oven 

 
Reference 

content 
(mg/kg) 

Measurement 

result (mg/kg) 

Standard 

deviation 

(mg/kg) 

Standard 

deviation 

(%) 

Number of 

measurements 
Difference 

(mg/kg) 
Difference 

(%) 

W
at

er
 –

 S
ta

n
d
ar

d
 K

 –
 F

 O
v
en

 

1
4
0
 

C
 -

 1
6
0
C

  
 

51100 51048 282.17 0.55 5 52 0.38 

51100 51134 354.24 0.69 5 -34 1 

51100 51110 281.69 0.55 5 -10.37 -0.05 

51100 51258 402.56 0.78 5 -158 0.56 

51100 50994 360.49 0.707 5 106 0.22 

 

Formula for calculating pooled standard deviation, nr. 7. 

 

 

(7) 

 

Formula for calculating bias, nr. 8. 

 

 

(8) 

 


