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Abstract: A paper deals with basic theoretical approaches for conductometry employment and its 
possibilities within testing chemical resistance of barrier materials. A classical conductometry is one 
from the oldest electro-analytical methods which deals with a measurement of conductivity of solution 
in water or even another solvent with high relative permittivity when comes to dissociation of an 
electrolyte on ions. Within employment of conductometric test for evaluation of chemical resistance of 
barrier materials used in anti-gas protection of the Czech Armed Forces Chemical Corps specialists 
based theoretical principles have been used. Their application, however, have reached a certain 
degree of rationalization such as the employment of special carbon electrodes, ensuring temperature 
compensation within performing long measurements and ensuring mixture of the electrolyte. 
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1. Introduction 

An effort about usage of classical 
analytical methods for their implementation 
into technical measurement systems able to 
provide relevant information related to 
chemical resistance of barrier materials 
used in the area of anti-gas protection is not 
new thing. This idea was discussed a 
number of workplaces, but the results were 
affected by a range of problems that their 
practical interpretation has significantly 
reduced or even made them impossible. At 
the time when works concerning 
development of electro-physical methods 
designated for enhancement of possibilities 
of testing barrier materials started at the 
Military Technical Institute of Protection in 
Brno, successes of Swiss professionals were 
known. Their results, however, were 
affected with a significant mistake. 
Subsequent improvements and long-term 

testing, which was conducted in 
cooperation across a wide range of research 
and educational institutions have produced 
results that allow you to easily reproduce 
the results, comment and draw relevant 
conclusions. For a very substantial authors 
consider that the results meet the 
requirements laid down in the standard EN 
ISO 6529 [1], which is regarded as a 
European standard and application 
foundation of American ASTM-F739 [2], 
which in essence enables a common 
understanding of virtually the entire 
technologically advanced world.  

 
2. General theoretical approaches to 
application of conductometry 

Conductometric methods belong to 
among widely used non-selective electro 
analytical techniques using specific 
chemical properties of the whole system 
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between the electrodes, that is not only 
discrete phenomena at the interface between 
electrode and solution. Conductometric, in 
other words also conductivity 
measurements are applied where a given 
component can significantly and even a 
minimally influence the electrical 
conductivity of solutions or ultra pure water 
for which is assumed the highest possible 
value relative permittivity ε. Use of 
conductometry relates to the theory of 
electrical current in the solutions which is 
transmitted between the electrodes and 
migration of absolutely all present ions [3-
5]. Electrical conductivity is an additive 
value which is directly proportional 
influenced by concentration, electric charge 
mobility, and respective ions, thus by kinds 
of ions of measured solution [6,7]. From the 
above it follows that conductometry is 
based on the ability of the electrolyte 
solution to conduct electric current and 
conductivity cell consists of two metal, 
usually platinum electrodes immersed in the 
solution to be analyzed. When the low 
frequency conductometry for measuring 
alternating current is used, thus there are no 
polarization platinum electrodes. 

 
2.1. Mathematical interpretation of 

theoretical approaches to conductometry 
Classics of analytical chemistry 

Kellö and Tkáč [8] to the electrical 
conductivity of electrolytes indicate that the 
conduction of electricity in electrolytes can 
be applied to all relationships arising from 
Ohm's law. From this law shows that the 
current I, thus the amount of charge 
transferred per one second, is proportional 
to the potential difference, respectively 
voltage U at the ends of wires (I = G.U) 
wherein G is conductivity. In practice this 
means that a conductance G in solutions 
depends on the content of ions, so that the 
greater is the content of ions in the matrix, 
the smaller the is resistance R and the 
greater is the conductivity G. By applying 
Ohm's law can be further inferred that the 
electrical resistance Rr of solution is directly 

proportional to the length of the electrode d 
and inversely proportional to the cross-
section E: [9] 
 

E
dR vr .ρ= ,(1) 

 
where ρv is the resistance of the 

conductor. The inverse (reciprocal) of 
resistance value Rr of solution between 
electrodes to which the voltage U is inserted 
is the conductivity G = 1/Rr [10-13]. The 
unit of conductivity is siemens [S = Ω-1]. 
The conductivity of the electrolyte solution 
is determined by its specific conductivity 
(conductivity) kv [S.m-1]. Like the 
conductance G is the reciprocal of the 
resistance R conductivity kv is inverse of 
resistivity ρv, thus kv = 1/ρv.  By modifying 
the equation (1) it gives: [14,15] 
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thus 
 

d
EkG v .= (3) 

 
and then 

E
Gkv

1.= .(4) 

2.2 Measurement of solution conductivity 
and possibilities of affection of results 

The constant electric tension U1 
(usually 0,2 V) is put on carbon electrodes 
of the permeation conductometry cell sunk 
in redistilled water with resistance Rr from 
the oscillator. Tension U1 is divided 
between the resistance of a conductivity 
bowl and a bleeder Rz. Its proportion U2 on 
the resistance Rz is directly proportional to 
conductivity of the solution G because: [16] 
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and subsequently 
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Mathematical applications results 
from a construction of a basic electric 
scheme of the conductometer shown in the 
figure 1 

.

 
Figure 1: Basic electric scheme of the conductometer 

The conductivity bowls are used in 
different variations of implementations 
concerning the purpose for which they are 
design in an analytical practice [17]. A 
conductometrical permeation cell which has 
been used for permeation measurements 
performance was made of Teflon. Special 
electrodes are inserted into its bottom part. 
The construction of electrodes in does 
usually not depend on their area and 
distance. 

 
3. Practical application of 

conductometry 
The area and distance of electrodes 

is constant within measurement of 
conductivity of the solution thanks to the 
construction of used conductometrical 
permeation cell. The proportion 1/E is thus 
possible to summarize into so called 
rheostatic constant of the bowl kn [m-1 or 
cm-1]. After that it is valid that: 
 

nv kGk .= .(7) 
 

Taking into consideration that 
material used for construction of the Teflon 
conductometrical permeation cell of the 
KONDUKTOTEST device is not 
conductive it is possible to consider the 
value kn as the constant and in no way 
affecting achieved results. From the theory 
of conductivity results that specific 

conductivity kv is an additive quantity thus 
for specific conductivity of the solution ks is 
valid: 

 

∑
=

=
n

j
vs kk

1
.(8) 

 
The viscosity and relative 

permittivity ε of the solvent have a great 
influence on conductivity. Since the 
viscosity is closely related to temperature of 
the solution the value of specific 
conductivity kv respectively ks also relate 
with temperature [18]. For aqueous 
solutions it is approximately valid that 
increasing a temperature 1 °C leads to 
increasing the conductivity of the solution 
of about 2 % [19,20]. Handbooks supplied 
with conductivity instruments [21] normally 
stipulate the need for record of temperature 
within conductometric measurements with 
that the ideal temperature for making 
measurements cins.der temperature limit 
from 20 to 25 °C. 

To obtain the most accurate 
conductometric data it is necessary to fulfill 
and respect some important facts. Moore 
[22] for example states that in the 
relationship of changed conductivity G of 
standardized solution KCl [within 20°C 
specific conductivity is kv (KCl, c=0.1 mol.l

-1
) = 

0.1278 S.m-1] the very important 
characteristic of the measurement system is 
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the rheostatic constant kn of the bowl. 
Another important factor of exact finding 
data concerning conductivity is total 
submersion and infestation of electrodes in 
order to have no gas on electrodes in the 
form of bubbles of the air or measured 
solution [23]. In practice this problem is 
solved in the way that the whole volume of 
redistilled water (50 ml) with the value of 
the specific conductivity 3 S.m-1 has been 
dosed with the help of a one-piece pipette 
into the Teflon conductometrical 
permeation cell of the KONDUKTOTEST 
device on side opposite to the site where 
carbon electrodes are. 

As mentioned above specific 
conductivity kv narrowly depends on 
temperature of the solution. For right 
measurement is thus necessary to work 
within constant and defined temperature, 
for example in a thermostatic chamber. 
Temperature of measured solution would 
not waver more than ±0.25 °C. Complying 
with these conditions, then the 
measurement error caused by the 
temperature difference is usually a 

maximum of ± 0.5%. Despite the fact that 
the ideal temperature for performing 
conductometrical measurements states from 
20 to 25 °C practical measurement have 
been performed within the temperature of 
30 °C. This temperature is consider as 
standard in the branch of individual 
protection from the reason that it expresses 
the relative relationship between the 
temperature of the body surface and the 
temperature of surrounding atmosphere. For 
these purposes, the measuring system is 
equipped with a sensor to measure the 
temperature. Ideally, it is appropriate to use 
such systems, which allow the automatic 
correction of the measured values. The 
software GRYF Magic XBC-8C in a variant 
of the KONDUKTOTEST device allows 
adjustment of temperature compensation 
and thereby to eliminate the effect of 
temperature on the results of permeation 
through test materials. Options of setting of 
temperature compensation are shown in 
figure 2. 

.

 
Figure 2: Setting of temperature compensation (in Czech) [24] 

Setting introduced in figure 2 comes 
out from really performed measurements. 
The "Typ" lets you choose between 
automatic or manual temperature 
compensation. Temperature measured with 
in-built sensor into the carbon electrode is 
used when the automatic temperature 

compensation is chosen. Within manual 
temperature compensation it is possible to 
use temperature which is put into an 
editable window. Setting “Závislost” 
„lineární – TK“ is in accordance with EN 
27 888 [25] calculated with respecting 
linear dependence on temperature with the 
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coefficient of temperature compensation 
which is put in percentages. Editing 
„vztažná teplota“ enables setting 
temperature to which are touched 
calculations of temperature compensation 
thus temperature within that will not be 
registered any effect of temperature 
compensation. 

Due to the fact that measurements 
have been carried out by using principles of 
so called direct conductometry when the 
absolute value of electrical conductivity is 
measured, thermo stating is basically a 
principal condition. Another necessary 
condition for accurate measurements is to 
ensure minimal changes in the volume of 
electrolyte solution [26]. 

In a scope of electro-chemical and 
electro-metric methods is the same that the 
electrodes are detection system. In the case 
of the KONDUKTOTEST method two 
electrodes are used. Barek [27] states that: 
“Within conductometrical settings it is 
possible to meet with a general electro-
chemical problem – with the time change of 
the activity of electrodes in consequence of 
their direct contact with an analyzed 
environment, thus with the solution.” 
Change in activity of electrodes may be 
manifested with a temporal change of an 
analytical signal even in the environment 
where the constant composition is. Usually 
decreases the provided signal. When using 
mercury dripping electrodes, thus electrodes 
having periodically refreshed surface is not 
necessary to this phenomenon, which is 
generally called the history of the electrodes 
to consider. A very serious problem, 
however, can happen in the case where 
electrodes from solid materials are used. 
Ways of solving the problems associated 
with the history of electrodes can be divided 
into several groups whose analysis will not 
be performed here. 

 
4. Employment of conductance to 
detection permeated toxic compounds 
through barrier materials 

In the introduction it was stated that 

efforts to monitoring the penetration of 
toxic compounds through tested barrier 
materials may be based on the principle of 
conductivity. It is therefore possible to state 
that the practical employment of 
KONDUKTOTEST methods assumes the 
application of the basic principle of electro-
meter methods, which are based on the 
absorption of gas (vapours) with absorption 
agent in this case in redistilled water. This 
principle is based on the electrochemical 
reaction, which involves a change in 
electrical properties of the solution. The 
KONDUKTOTEST equipment developed 
only for this purpose, enables the continual 
observation of increasing amount of the 
permeated test chemical in dependence on 
time. The minimal detection time there is 1 
s and the maximal sensitivity of permeated 
toxic compound is 0,1 µg. When using the 
conductometric detection, it is possible to 
monitor only the permeation of those test 
substances which embody at least minimal 
measurable conductivity within absorption 
in water. Both equipment and method of 
KONDUKTOTEST is possible to use for 
the assessment of barrier materials 
designated for production of protective 
garments and their parts against the 
permeation of those toxic industrial 
materials and chemical warfare agents 
which embody acidobasic properties, thus 
they are dissolvable in water in the form of 
ionic solutions. With the help of 
KONDUKTOTEST method it is possible to 
determine the resistance of protective 
materials against the permeation of test 
chemicals in the scope of laboratory 
conditions based on the time of permeation, 
permeation mass, permeation rate and 
overall amount of permeated compound. 
Although this method allows detecting only 
the functional characteristics of the 
materials from which protective garments 
are produced, it is equally possible to 
perform testing of perspective or otherwise 
modified and improved materials. 
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4.1 Construction of the Teflon 
permeation conductometric cell 

Permeation cell of the 
KONDUKTOTEST device uses a specially 
developed conductometric cell with in-built 
sensitive carbon detectors (conductometric 
sensors) for observing rate of permeation of 
toxic compound through barrier materials. 
These detectors consist of roller electrodes 

from glassy carbon. Setting of Teflon 
permeation conductometric cell of the 
KONDUKTOTEST device within 
determination of resistivity of non-porous 
polymeric membranes against permeation 
of volatile toxic compounds in static 
conditions is visible from figure 3. 

.

 
Figure 3: Setting of the Teflon permeation conductometric cell of the KONDUKTOTEST device 

 
1-lid of the upper part of permeation cell, 2-inner lid of dosage part of sealing inset, 3-upper part of permeation 
cell, 4-dosage part of sealing inset, 5-tightening screws, 6-metal collar, 7-upper Teflon part of sealing inset, 8- 
lower alumina or rustless part of the sealing inset, 9-conector, 10-two carbon electrodes, 11-test chemical, 12-

tested material, 13,14,15-sealing O-rings (Viton), 16-redestiled water, 17-smooth cylindrical stirrer with centric 
ringlet, 18-lower part of permeation cell, 19-magnetic stirrer 

Redistilled water is dosed into the 
lower part of the permeation cell which is 
separable from the upper one. The smooth 
cylindrical stirrer with centric ringlet is put 
in redistilled water. This one, thanks to a 
magnetic stirrer on this the permeation cell 
is laid, with rotary movement ensures 
mixing of the electrolyte. This simple 
solution to eliminate problems with non-
standard courses of permeation curves that 
allow neither qualitative and quantitative 
evaluation of permeation measurement nor 
to describe permeation behavior. Two 
carbon electrodes whose surface was 
cleared of air bubbles are fully immersed in 
redistilled water respectively electrolyte. 
The upper part of the permeation cell is 
provided with a sample of test material with 
employment of six clamping bolts firmly 

connected after assembly. Deploying the 
upper part of the permeation cell on the 
bottom one is ready for dosing the liquid 
phase of the test chemical thus to the 
beginning of the measurement. 

 
5. Conclusions 

Theoretical and practical principles 
of conductometry have been verified and 
results discussed in the framework of 
elaborated studies focused on determination 
of the chemical resistance of permeable and 
non-permeable barrier materials of the 
Serbian Armed Forces in recent time. 
Results which have been compared with the 
results gained with the PIEZOTEST method 
were the same. Based on this fact it is 
possible to claim that for determination of 
the chemical resistance of tested barrier 
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materials the employment of the 
KONDUKTOTEST method is better from 
the reason of avoiding damage of detector 
parts of the permeation cell. Nonetheless 

the user has to respect the only one 
principal condition – to use these chemicals 
which dissociate enough in water. 
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