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The article describes the error in measuring the electrolytic conductivity of solutions using a differential electrolytic
cell (with a removable central part), due to inaccurate assembling of its design. It appears when additional resistance
of the test sample is formed after changing the current path in the solution in the presence of displacements between the
parallel longitudinal axes of the connected parts of the cell. This resistance is similar to the constriction resistance
defined in the theory of fixed electrical contacts. To take it into account when determining the required error, a
parameter (the constriction coefficient) is introduced that characterizes the degree of constriction of the electric current
lines at the joint of two parts of the cell. To evaluate the components of the error in the conductivity measurement,
computer simulation of electrolytic cells and the finite element method were used. Expressions are obtained for
determining the errors in measuring the electrolytic conductivity of solutions and cell resistance in the presence of
radial displacement of parts of the cell after assembling. Using the finite element method, the dependences of the
constriction coefficients on the radial displacement at the joints for cell models with different tube diameters are
obtained. Also, the errors of measuring the resistance of cell models of different sizes are calculated. To evaluate the
measurement error of electrolytic conductivity that can occur when using a specific measuring cell, the proposed
expressions and the obtained dependences for the constriction coefficient can be used. Studies of cell models have
shown that the error due to inaccurate assembling of differential cells can reach significant values (of the order of
0.01%) in the presence of radial displacements at the level of tens of um. References 4, figures 4.
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Introduction. Electrolytic conductivity measurement is widely used to evaluate the degree of
ionization of aqueous solutions. For accurate measurements of the electrolytic conductivity of solutions, a
contact measurement method is used. According to this method, the electrical resistance of a solution sample
is measured using a measuring cell. The cell provides a fixation of the shape of the test sample, a
determination of its geometric dimensions, the supply and reception of measuring electrical signals. The
measured resistance of the cell is theoretically strictly related to the geometric dimensions of the cell and the
electrolytic conductivity of the sample solution. At the same time, various factors influence the accuracy of
measuring the cell resistance. The main ones are associated with a number of parasitic phenomena that occur
in the zone of contact of the solution with the measuring electrodes when an electrical signal is applied [1].
To eliminate the influence of these near-electrode processes on the accuracy of measuring the conductivity of
solutions, two-electrode differential cells are widely used. The metrological centers of many countries use
differential reference cells with a removable central part (Jones type) [1]. A differential cell of this type
consists of three parts. Two identical half-cells contain fixed platinum electrodes and tubes for filling the cell
with a solution. The third part of the cell (central) can be inserted and removed between two half-cells. It is a
precision machined tube. The created differential cells in the leading world metrological centers are used to
measure the electrolytic conductivity of solutions in the range of 0.001 S/m — 10 S/m. The extended
measurement uncertainty lies in the range of 0.5% — 0.03% [1]. The main disadvantages of this type of
differential cell are differences in the geometry of the solution column and possible contamination after each
assembling of the cell.

The method for measuring the electrolytic conductivity of a solution using a differential cell of this
type involves two measurements of the resistance between the electrodes of the cell. One measurement of
resistance is carried out in the presence of the central part of the cell, and the second after its removal. The
difference in the measured resistances depends on the geometric dimensions of the removable central part
and is used to determine the electrolytic conductivity of the solution (k) according to the expression
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Ry —Ryo=pl/ A=Ky /k, (1)
where Ry, Rwo are cell resistances with and without the central part; / and 4 are the length and cross-
sectional area of the central part of the cell; p is the resistivity of the solution; Kce= //4 is the constant of the
central part of the cell (called the cell constant).

When assembling parts of the cell (with and without the central part), there may be a radial
displacement of its parts at their joint (i.e., the distance between the parallel longitudinal axes of the
parts). Obviously, this will result in a decrease in the cross-sectional area of the conductive medium in the
joint plane and a change in the path of the electric current inside the cell. These effects will lead to an
increase in the resistance measured between the electrodes of the cell, compared with the resistance of the
same cell at the most accurate assembling.

The purpose of the article is to evaluate the component of the error in measuring the electrolytic
conductivity of solutions using a cell (Jones type), which will appear in the presence of radial displacements
of parts of the cell after assembling.

Cell resistance measurement error. In the presence of radial displacements, the measured cell
resistances with and without a central part (R,,w and R,wo) will differ from the desired values (Ry and Ryo —
resistance in the absence of displacements) by a certain amount (AR). Obviously, the value of AR in each
case will depend on the values of the displacements (b) of the parts of the assembled cell. The measured cell
resistances will be determined by the expressions

me(bl,bz)ZRW +ARW1(b1)+ARW2(b2):RW(1+5W1 +5W2):RW(1+5W), 2)
meo(b3) = Rwo +ARW0(b3) = Rwo(l +5WO)’ 3)

where ARy, ARw», ARwo are the additional cell resistances due to the presence of radial displacements at the
joints (between half-cells and the middle part, half-cells without the middle part); b,, b,, b5 are the values of
the corresponding radial displacements; dw=dw+dw2, Owo are the corresponding errors in the measurement of
cell resistances (with and without removable part).

The additional resistance of the cell in the presence of radial displacements of its parts can be
compared with the "constriction resistance", which is defined in the results of the study of the resistance of a
stationary electrical contact [2]. It says that the electric current lines should be constricted together, passing
through the limited areas of the apparent contact surface, that causes an increase in resistance compared
with the case of full conductivity. This increase in resistance is constriction resistance. An accurate
calculation of the constriction resistance is very difficult even for idealized, symmetrical contacts.

In [2], “constriction areas” are called contact areas where, due to the smallness of the contact spots,
the current lines are significantly curved. These areas in cylindrical conductors depend on the ratio of the
radii of the contacts and the contact spot between them. As a rule, the actual area of electrical contact is
much smaller than the area of the apparent contact surface. In the case of an electrolytic cell, the difference
in similar areas is extremely small. It is determined by the very small radial displacement of the parts of the
cell, which can occur during the next assembling. Given the geometric dimensions of real electrolytic cells
with a removable central part [3, 4], it is obvious that the possible displacement is much smaller than the
radius of the cell tubes. It can be assumed that the constriction areas in the connected parts of the cell will be
small. They depend on the magnitude of the displacement and the radius of the cell tubes.

In the studies performed by the author, computer simulation was used to evaluate the magnitude of
the constriction resistance in the areas of the joint of the cell parts (in the presence of radial displacement)
and the corresponding error in measuring the cell resistance. The constriction area near one joint in the cell
with the solution was investigated using a model to connecting two parts of the cell (two tubes with a
solution) of different lengths and diameters. The value of the constriction resistance (ARs) was calculated as
the difference between the model’s resistances in the presence of displacement (R,) and without it (Ry),
which were determined by the finite element method. The calculation results showed that the length of the
constriction area in each of the connected cell parts can be considered (as applied to these studies) less than
cell tube radius () at b<<r.

As for electrical contacts, the constriction resistance in the electrolytic cell is proportional to the
specific resistance of the solution. For further calculations, a parameter Kg (called the constriction
coefficient) is used, which characterizes the degree of constriction of electric current lines in the area of one
joint of the cell parts

K, =(R,—R,)p ' =ARk. 4)
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Further, it can be assumed (based on an evaluation of AR, actual cell sizes and possible radial
displacements of cell parts) that the constriction coefficient of each cell joint depends only on the geometric
dimensions of the joint and does not depend on the distance to the other joint and electrodes (this assumption
will be verified).

Thus, the relative errors of measuring the resistance of the cell with and without the central part, due
to the presence of radial displacements of the cell parts, according to (2—4), will be determined by the
expressions

AR, + AR Ko + K K K
S, =08, +08,, = WIR w2 _ o( sw1K swa2) _ sz1 + szz ’ (5)
W Py w w

o = ARy _ PKswo _ Kswo , (6)
Ryo PKyo  Kyo
where Kswi, Kswa, Kswo are the constriction coefficients for two joints in the cell with the central part and one joint in
the cell without the central part; Kw= kRw, Kwo= kRwo are the cell constants with and without the central part.
Calculation results. To evaluate the constriction coefficient of one joint in a cell, the finite element
method was used. The dependences Ks(b) were obtained for cell joint models with different internal radii of
the tubes (5 mm, 7.5 mm, and 10 mm). The results were shown in Fig. 1 and Fig. 2 (the lengths of the

connected tubes are equal to their inner radius).
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The dependences Ks(b) were calculated for various lengths of the cell parts forming the joint. The
relative difference in the K5 values obtained with the length of the cell parts equal to the tube radius () and
equal to 10r did not exceed several percent. Therefore, it can be assumed that each joint in the cell is
characterized by its constriction coefficient, which depends on the radius of the tube (7) and the magnitude of
the displacement (b).

To confirm the possibility of using formulas (5), (6) for evaluating the investigated error in
measuring the cell resistance, the dependences dw(b)=dw1(b1)+dwa(b2) for cell models with different sizes
were calculated by the finite element method. The case of identical displacements (b;=b,) of the central part
of the cell relative to the side parts was considered. In Fig. 3 and Fig. 4 show graphs of such dependences for
two cell models with an inner radius of 5 mm (/ = 80 mm, K¢ = 1000 m'l) and 7,5 mm (/ = 10 mm, K¢ =
55 m™) for different values of the cell constant with central part (Ky).

Also, similar dependencies of errors are calculated by the formula (5), taking into account the
previously determined values for (Ks). The relative difference in the values of the errors obtained in both

5E-04 ~

ow r=5mm 9E-04 0
i _ 1 on £OW r=7,5mm Kw=141 m
AE-08 Kw=1273m BE0 |
_ . 7E-04 ,;
3E-04 - w=1782 m* 6E-04 1
_ £ Kw=232m"
5E-04 £
2,E-04 e ]
b E =401 m’
-1 F w
1,E-04 - Kw=2291 m 3E-04 ¢
| 2E-04 ;
0,E+00 ‘ : ‘ ‘ ~ bmm 1E04 £
0 0,04 0,08 012 0,16 02 0,24 0. £ : ‘ b, mm
0 0,04 0,08 0,12 0,16 0,2
Fig. 3 Fig. 4

90 ISSN 1607-7970. Texn. enexmpoounamira. 2020. Ne 5



cases does not exceed two percent. Therefore, in the presence of various displacements at the joints during
the assembling of a cell of three or two parts, the calculation of the desired error can be carried out using
formulas (5), (6) and the obtained dependences Ks(b) for a certain radius of the cell tubes.

Studies show that the error in measuring the cell resistance (due to radial displacement of cell
parts) is approximately proportional to the square of the displacement at the joint. Also, it is inversely
proportional to the constant of the assembled cell. For a cell of three parts, the value of the error in the
measurement of resistance can reach a significant value (of the order of 10™) in the presence of sufficiently
large displacements (more than 0.05 mm) at both joints.

Measurement error of electrolytic conductivity. The considered errors in measuring the cell
resistances will lead to the appearance of a corresponding additional error (Jy) in determining the electrolytic
conductivity of the solution. From (1), taking into account the expressions for the measured resistances of the
cell (2), (3), the expression for electrolytic conductivity is

k= KCell — KCell (1 _ 5k) — KCell (1 _ Rw5w — Rwo5wo
me - meo RW - Rwo Rw - Rwo Rw (1 + 5W) - Rwo (1 + 5WO)

Considering that the errors dw, dwo are much less than unity, an approximate expression for the

errors dy is

) (7

Oy —OwoKyweo / K K
O, 7N WO WO W — (5 —FKyg ! Ky )X —2 . 8
k 1_ KWO /KW ( w WO WO W) KCCH ( )

Since Kw /Kcen >1, the investigated error in determining the electrolytic conductivity of the solution
(8) using the differential cell can reach a value that will be greater than the error in measuring the resistance
of the cell with the central part dw (at dwo = 0).

Conclusions. The presence of radial displacements of the parts of the differential electrolytic cell
(Jones type) after assembling leads to the appearance of an additional component of the error in measuring
the cell resistance, which depends on the geometric dimensions of the cell and the magnitude of the
displacements. It must be taken into account when determining the electrolytic conductivity of a sample of a
solution.

For each joint in the cell, a "constriction coefficient" can be determined, that characterizes the
constriction of the lines of electric current in the area of the cell joint. It depends on the radius of the cell tube
and the magnitude of the radial displacement of the parts of the cell at the joint. Using computer simulation
by the finite element method, the dependences of this coefficient on the displacement value for the joints of
real cells are obtained.

To evaluate the investigated error in measuring the electrolytic conductivity of a particular cell, the
expressions obtained in this work can be used. In this case, information on the cell constants (assembled
from two and three parts) and the obtained dependences of the constriction coefficient on the magnitude of
the radial displacement are needed.

The calculations show that the considered error in measuring the cell resistance can reach significant
values (of the order of 0.01%) with radial displacements at the level of tens of um. At the same time, the
error in determining the electrolytic conductivity of the solution can be several times larger.

The work was performed within the departmental theme "Development of scientific bases for improving the
accuracy of conductometric measurements with reference two-electrode cells (code: Dipole-2). Program code of
classification of expenses «6541030».
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B cmamve onucana noepewinocmov usmepenusi 31eKMpOIUMUYECKOU NPOBOOUMOCIU PACHEOPOE C HOMOULIO
ougppepenyuanvHoll  KOHOYKMOMEMPUHeCcKoU  S4elku (CO  CbeMHOU UYEHMPATbHOU 4acmvio), 00YCI06IeHHAS
HemouHocmvlo cOopku ee KoHcmpykyuu. OHa noseusiemcs npu 00paz08anuu OONOTHUMETbHO20 CONPOMUGTEHUS.
uccnedyemoeo obpasya nocie UsMeHeHus Nnymu NpOmeKaHus MmoKd 8 pacmeope Npu HATUYUU CMeWeHUll MexHcoy
NAPANIETbHOIMU — NPOOOTLHBIMU — OCAMU — COCOUHACMbIX — uacmell  A4eliku. DOmo  COnpomueieHue  aHaI0cUyHO
CONPOMUBTIEHUIO CIASUBAHUSA, ONPEOCTEHHOMY 8 TeOpUl HeNnOOBUNCHBIX INEKMPUHECKUX KOHmakmos. [ e2o yuyema
npu onpeoeieHuu UCKOMOU NOZPeuHOCU 88e0eH napamemp (Kodg@uyuenm cmacuganus), KOMopbwlil Xxapaxmepuszyem
cmenenb CMAUSAHUA TUHULL INEKMPULECKO20 MOoKd 6 obnacmu cmuika 08yx yacmell aueiiku. [{na KonuuecmseeHHou
OYeHKU — COCMABIAIOWUX — NOSPEUWHOCTIU — USMEPEHUsl  INeKMPONPOBOOHOCHU  UCNONb30BANIOCH — KOMNbIOMEPHOe
Mooenuposanue INeKMpoIUMU4ecKux A4eex i Memoo KOHeuHvlx demenmos. 1lonyuensi gvipadicenus 0 onpedenenus
nozpewHocmenl UsMepenus 2NeKMpOIUMUYecKol NPOSOOUMOCIU PACMEOPO8 U CONPOMUBNEHUSA AYeUKU NPU HATUYUL
PaouanbHo2o cmeujenus yacmell adelku nocie cOopku. Memooom KOHEUHBIX 2NEeMEHMO8 NOAYHUeHbl 3A8UCUMOCIU
KO2Ghpuyuenmos cmazueanus om 6eIUUUHbL PAOUATILHO20 CMEWeHUs Ha CMblKax Ol Mooenell AYeeK C PA3IUYHbIM
ouamempom mpyook. Ilposedensvi pacuemvl nocpewtnocmeil UMepeHust CONPOMuUsLeHusi Mooeneu SYeeKk pPa3HbiX
pasmepos. [{na oyeHKu NoZpewHOCIU UsMePeHUs SIeKMPOIUMUIECKO NPOBOOUMOCIU, KOMOPAsSi MONCEN 803HUKHYMb
npU UCNOTB30BAHUU KOHKPEMHOU USMEPUMETbHOU AYElKU, MONCHO 80CHOTb308AMbCA NPEOTIOHNCEHHBIMU BLIPANCEHUAMU
U NOMYUEHHBIMU 3ABUCUMOCTNAMU O Kod(hpuyuenma cmasueanus. Hccnedosanuss modeneil sueek NOKA3AMU, HMO
nOSPeuHOCmb, 00YCI061EHHAS. HEMOYHOCMbIO COOPKU OUDDEPEHYUATLHBIX AYeeK, MOHCen OOCMUSAMb CYUjeCEeHHbIX
suauenuii (nopaoxka 0,01%) npu naruuuu paouanbHelx cmeweHull Ha yposhe decamkog um. bubm. 4, puc. 4.

Kntouesvie cnosa: nupdepenunanbHas siuelika, paguanbHOE CMEIEHHE, PACTBOP, IEKTPOIUTHYECKast TPOBOIUMOCTD,
HOTPEIIHOCTh, KOMIIBIOTEPHAs MOJEITb, COIPOTUBIICHUE.
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Onucano noxubKy GUMIPIOBAHHS eNeKMPOLIMUYHOL NPOGIOHOCMI PO3HUHIE 304 O00NOMO20l0  OughepeHyianbHol
KOHOYKMOMEMPUYHOi Komipku (i3 3'€MHOI0 YeHmpanibHOI0 YACMUHOIO), 00YyMosNeHy Hemounicmio 30ipku il
KOHCcmpyKyii. Bona 3'sensiembcs 3a ymeopenHs 000amKo8020 ONopy OO0CHIONCYBAHO20 3PA3KA NICAS 3MIHU WIAXY
NPOMIKAHHS CIMPYMY 6 PO3YUHI Y pa3i HASAGHOCMI 3CY8I8 MIJC NAPALEIbHUMU NO3008NHCHIMU OCAMU 3'€OHYEANIbHUX
yacmun Komipxu. Lletl onip ananoziunuti onopy Cms2y8amHs, GUSHAYEHOMY 6 Meopii HepyXoMux eieKmpudHux
Kommaxmie. [[na 1020 6paxyeéanHs Ni0 YAC GU3HAYEHHS WYKAHOI noxubku egedeHull napamemp (KoeiyicHm
CMASYB8AHMSL), SIKUL XAPAKMEPU3YE CMYNiHb CMAZYBAHHA NIHIU eeKMPUUHO20 CIMPYMY 6 00AACmi CIMUKY 080X YACTUH
KOMIpKU. 3a01s OYIHKU CKAAO008UX NOXUOKU GUMIDIOBAHHS eeKMPONpPO8IOHOCI SUKOPUCMOBYBANOCS KOMN'TOmepHe
MOOENOBAHHA eeKMPOLIMUYHUX KOMIPOK I Memoo KiHyesux enemermis. Ompumano eupasu O/ 6U3HAYEHHS NOXUOOK
BUMIDIOBAHHA eNeKMPOIIMUYHOI NPOBIOHOCMI PO3YUHIE | ONOPY KOMIPKU y pa3i HAABHOCMI pPAOdiANbHO20 3MIiljeHHs
YACMUH KOMIPKU NICs CKAadanus. Memooom KiHyesux enemenmie Ompumano 3aiedCHOCMI Koepiyicnmie cms2eyeanis
8i0 GenUYUHU pPAOdiANbHO20 3MIWEHH HA CMuKax 01 Mooeiel KOMIPOK 3 pisHum Oiamempom mpyook. Ilposedero
PO3DPAXYHKU NOXUOOK BUMIDIOBAHHA ONOpY MoOeiell KOMIPOK pPisHUX po3mipis. 3a0na OyiHKu NOXUOKU BUMIDIOBAHHS
eeKMPONIMUYHOL NPOGIOHOCI, AKA MOJICE GUHUKHYMU Y pA3l GUKOPUCMAHHS KOHKPEMHOI GUMIDIOBANbHOI KOMIPKU,
MOJICHA CKOPUCMAMUCS 3aNPONOHOBAHUMU BUPA3AMU | OMPUMAHUMU 3ANEHCHOCHAMU 0I5 KOepiyieHma cmscy8anHsi.
Jlocnioocenus mooeneil KOMIpOK noKasau, wo noxXudxa, 00ymMosiena Hemouricmio 30ipKu OughepeHyiaibHux KOMIpOK,
Modice 0ocsizamu icmomuux sHaveHs (bauzvko 0,01%) 3a naseHocmi padianbHux 3¢y68i6 HA PiHI 0eCAMmKie m.

Bi6x .4, puc. 4.

Kntouosi cnosa: nudepeHmiarbHa KOMipKa, pagiallbHUA 3CYyB, PO3YHH, E€IEKTPOJITHYHA IPOBIOHICTH, IMOXHOKA,
KOMI'FOTePHA MOJIEITb, OTIIp.
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