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Sample
Solvent for

distillation

Heat temp

(°C)
Cell type

Meas.

No.

Meas.

Time

Size

(g)

Water content

(ppm)
Statistical results

Recovery 

rate (%)

1 0:04:01 0.7985 979.6 Avg. 979.5 ppm 98.9

Water standard Toluene 120 Fritted 2 0:03:52 0.9709 982.7 SD 3.2 ppm

1.0 3 0:03:56 1.0317 976.3 RSD 0.33 %

(COA Value: 

990 ppm) 1 0:03:55 0.8066 992.8 Avg. 988.9 ppm 99.9

Fritless 2 0:04:35 0.9775 986.2 SD 3.5 ppm

3 0:05:03 1.0061 987.7 RSD 0.35 %

1 0:04:04 1.0984 983.4 Avg. 980.1 ppm 99.0

n-Octane 130 Fritted 2 0:03:21 0.8754 978.1 SD 2.9 ppm

3 0:05:24 0.9911 978.7 RSD 0.30 %

1 0:05:25 1.0158 991.2 Avg. 990.1 ppm 100.0

Fritless 2 0:03:35 0.9740 992.1 SD 2.8 ppm

3 0:04:05 0.9009 986.9 RSD 0.28 %

1 0:01:55 0.5676 20.6 Avg. 20.3 ppm -

Lubricating oil A Toluene 120 Fritted 2 0:02:02 1.1411 20.3 SD 0.3 ppm

3 0:03:02 1.3075 20.0 RSD 1.48 %

1 0:01:51 1.1068 17.3 Avg. 17.7 ppm -

Fritless 2 0:02:46 1.5002 17.9 SD 0.3 ppm

3 0:01:44 0.7816 17.9 RSD 1.96 %

1 0:02:10 1.2997 20.2 Avg. 19.8 ppm -

n-Octane 130 Fritted 2 0:02:07 1.3717 19.8 SD 0.5 ppm

3 0:01:54 0.8301 19.3 RSD 2.28 %

1 0:01:55 1.2666 17.1 Avg. 17.4 ppm -

Fritless 2 0:02:15 1.2472 17.1 SD 0.6 ppm

3 0:01:59 0.6410 18.1 RSD 3.31 %

1 0:07:23 0.5232 590.6 Avg. 604.0 ppm -

Lubricating oil B Toluene 120 Fritted 2 0:11:30 0.9271 613.6 SD 11.9 ppm

3 0:07:25 0.5649 607.7 RSD 1.98 %

1 0:05:54 0.4262 612.9 Avg. 618.2 ppm -

Fritless 2 0:08:27 0.5244 622.0 SD 4.7 ppm

3 0:05:25 0.3515 619.6 RSD 0.76 %

1 0:07:12 0.4578 620.1 Avg. 617.4 ppm -

n-Octane 130 Fritted 2 0:06:30 0.4824 615.9 SD 2.4 ppm

3 0:06:28 0.4858 616.1 RSD 0.38 %

1 0:06:27 0.5050 621.6 Avg. 619.8 ppm -

Fritless 2 0:06:21 0.4963 609.7 SD 9.4 ppm

3 0:08:02 0.5653 628.2 RSD 1.51 %

A number of lubricating oils contain a wide 

variety of chemical compounds and additives such 

as rust preventatives, anti-foaming agents, 

detergents, dispersants, anti-wear additives, and 

anti-oxidation compounds. Many of these special 

additives may interfere with the Karl Fischer (KF) 

reaction and deteriorate the anode solution when 

attempting to measure low moisture levels 

contained in lubricants.

An azeotropic distillation method can 

eliminate any interference from various additives 

in lubricating oils on KF titration1), 2). However, the 

azeotropic distillation method uses a solvent such 

as toluene or xylene; the avoidance of using these 

hazardous substances are generally 

recommended.

This report introduces the coulometric KF 

titration with an azeotropic distillation method 

using n-octane as solvent instead of toluene or 

xylene.
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The hazardous property of n-octane is relatively low, and can also be used for an azeotropic distillation 
because the boiling point of n-octane is 125-127 °C3) close to that of water. The good solubility of oils in n-octane 

has been observed in our pretest. Its low viscosity is preferred for use on the distillation equipment.

The indirect measurement using the azeotropic distillation method can reduce the frequency of exchanging 

anode solution because of less deterioration of the anode solution. In addition, the KF titration in combination with 

the single chamber cell (fritless cell) complements the environmental load-reducing analyses because it can also 

reduce the consumption of cathode solution.

The reproducible and accurate results of the water determination for lubricating oils have been obtained by the 

coulometric KF titration with the azeotropic distillation method using n-octane and single chamber cell. 

Measurement examples of this and other samples will be shown in this report.

An azeotropic distillation method using toluene or n-octane 

can save the measurement time compared with base oil 

which does not boil at the temperature close to water 

boiling point.

Measurement curve on KF titration for 

an engine oil with the distillation method

n-Octane can be used as the solvent for 

the azeotropic distillation method as 

well as toluene.

The equivalent results 

were obtained between 

the uses of the fritted 

and fritless cells, 

toluene and n-octane 

on the azeotropic

distillation method.

7:02 7:54 10:23Measurement time 

A sample and solvent for 

distillation are heated in the 

heating chamber.

The evaporated water is 

introduced into the 

electrolysis cell.
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Sample:  4 g of engine oil 

Solvent (Heat temp.)

Fritted cell

(Two chamber cell)

Fritless cell

(Single chamber cell)

Cathode solution is required for the 

fritted cell.  

Cathode solution is NOT

required for the fritless cell. 

Only anode solution is used for 

the measurement. 

Cathode solution

Cathode 

Anode solution

Anode solution

Structures of 

electrolysis cell

n-Octane can be used as the solvent for an azeotropic distillation method on KF 

titration instead of the hazardous substances: toluene or xylene etc. 

The combination of the azeotropic distillation method and the fritless cell on KF 

titration can reduce the consumption of the chemicals. 

These methods for KF titration enable to contribute the environmental load-reducing 

measurement without detracting the measurement accuracy.

The indirect measurement using the azeotropic distillation method can reduce the frequency of exchanging 

anode solution. The fritless cell can also reduce the consumption of cathode solution.

In addition, the combination with the use of n-octane as a distillation solvent allows to contribute the 

environmental load-reducing measurement.  
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Health hazard of toluene and n-octane 

Electrolysis 

cell

Solvent for

distillation

Boiling 

point (°C)
Health hazard*

H304 May be fatal if swallowed and enters airways.

Toluene 1113) H315 Causes skin irritation

H336 May cause drowsiness or dizziness

H361 Suspected of damaging the unborn child

H373 May cause damage to organs through prolonged or repeated 

exposure

H304 May be fatal if swallowed and enters airways.

n-Octane 125-1273) H315 Causes skin irritation.

H336 May cause drowsiness or dizziness. *SAFETY DATA SHEET from SIGMA-ALDRICH

Relatively 

less hazardous 


