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(57) Abstract: For chemical analysis of water solution
of samples there is designed an equipment comprising an
electro-chemical planar sensor (2) which is an integral
part of at least a bottom and/or cover (22) of the measur-
ing cell and comprise means for adjustment of conditions
of hydrodynamics within the measuring system having a
distribution body (8) which is rotateably seated and en-
gages with means for its rotation.



WO 2004/040292 A1 I} 110 A000A0 T 00000 00

Published: For two-letter codes and other abbreviations, refer to the "Guid-
—  with international search report ance Notes on Codes and Abbreviations” appearing at the begin-
—  before the expiration of the time limit for amending the ning of each regular issue of the PCT Gagzette.

claims and to be republished in the event of receipt of

amendments



WO 2004/040292 PCT/CZ2003/000063

10

15

20

25

30

EQUIPMENT FOR CHEMICAL ANALYSIS

Technical Field

The invention relates to equipment for chemical analysis, the equipment
comprising an electrochemical planar sensor, a measuring cell and means

for adjustment of hydrodynamic conditions within the measuring system.

Backaround of the Invention

Electro-chemical analysis is a very effective analytic tool, as output signals
are in aform of electric voltage or current. Application of microelectronic
technologies results in a significant decrease of costs of electrodes, their
miniaturisation and improvement of their utility properties. By all types of
electrodes response, measurement accuracy and ruggedness of a construction
significantly depends upon a flow of an electrolyte with analysed sample in
a vicinity of the applied electrode. To ensure defined hydrodynamics in the
electrode vicinity there can be used an electromagnetic stirrer. The stirrer
located in the electrolyte flow provides for improved coating of the electrode
working surface by the electrolyte. Nevertheless the arrangement features
a significant increase of undesired output signal noise which is due to
a turbulent circulation in the electrode vicinity. The defined hydrodynamic flow
in the electrode vicinity could be achieved by amending a profile of a channel
around the electrode. Such an arrangement allows for sedimentation of
chemicals at the beginning or end the profile. Another drawback of such
a solution is present by equipment with multiple measuring electrodes, where
it is necessary to design a complicated structure of the distribution channel.
Such a construction is costly and the equipment is liable to failures.

Another known systems for defining hydrodynamic conditions within the
measuring equipment utilise thin-layer flowing épplying means called thin-
layer sensors, described e.g. in the paper “Electro-analytic measurements in
flowing liquids” by Stulik and Pacakova, published in 1989. In this system
there are used substantially three basic electrode designs. By the first type
the cell is designed as a U-shaped tube with the working electrode in the
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middle. By the second type, described in literature as “wall-jet”, the cell is
constructed as a T-shaped tube. A sample enters the cell through the central
beam and the working electrode is located opposite the central beam mouth
into the transverse beam through which the sample flows out of the cell in
both directions. The third type is called a “tubular” cell, with the working
electrode located in a tube which the sample flows through. All these
detectors are well known and work satisfactory if only one working electrode
is used. By multiple working electrodes there appear problems with even
distribution of the liguid sample to individual electrodes. In a case of a serial
arrangement of the working electrodes there comes another problem as the
electrodes located further down the sample flow are influenced by products
or reactions occurring at the elecirodes located ahead of them.

The “wall-jet” system was later extended to two electrodes in a “ring-disk”
arrangement, as described in a papers ,New Electro-analytical Techniques
Applied to Medicine and Biology” and ,Electrochemical detectors,
Fundamental Aspects and Analytical Applications® published by Alerby and
Haggett in 1984. There is also known a construction with an electrode
surrounded by means for improvement of hydrodynamics in the electrode
vicinity. Such an arrangement has been described by Horword and
Chichester in their paper “Instrumental Methods in Electrochemistry”,
published in 1985. Practical embodiments comprise industrial flowage
measuring cells with forced turbulence. in the measuring cell there are
located bars, a fluid bed, filling bed and where appropriate, there may be
used also a cylindrical electrode, rotating co-axially with the cell. It is
a drawback of all these constructions that their application to systems with
mulitiple detecting elements is very difficult.

The best results as far as defined hydrodynamics and transfer of mass
towards an electrode are concerned have been reached with disc electrodes.
A rotating electrode of this type consists of a flat disc having a diameter of 1
up to 3 mm, the disc being located at end of a non-conducting rod, which is
rotating very fast while submerged in a solution. The solution is stirred by the
rotating disc. Thus the problem of diffusion is limited only to a transport of
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particles through non-moving solution layer, sticking to the electrode surface.
As long as the rotation speed is constant and effect of stirring is repeatable,
than all experiment utilising rotating disc electrodes are performed under
same conditions. Rotating disc electrodes manifest several advantages when
compared with rigid electrodes. Among them there has to be mentioned the
known theory of the electrode hydrodynamics allowing for mathematical
processing of measured data with accuracy and correctness comparable
with a mercury bead electrode. In comparison with other rigid electrodes the
rotating disc electrode active surface can be re-established with better
reproducibility by electrochemical process. Due to defined and reproducible
stirring this electrode shows also higher sensitivity than it is by classic rigid
electrodes while the problem of diffusion is restricted only to non-moving
layer on the electrode surface. On the other hand the rotating disc electrodes
have also some disadvantages such as lower measurement reproducibility,
rather difficult transfer of a signal having a value of nA units from the rotating
part of the measurement equipment onto a static part of the equipment, very
complicated design of the electrode structure and resulting high investment
costs. Among other disadvantages there should be mentioned a complicated
exchange of one sensor for another one and the fact that residues of
analysed sample remain in the equipment thus preventing to apply flow
analysis.

It is an object of the invention to eliminate above described drawbacks of
present solutions, improve hydrodynamics of the system and enable to
define adjustment of the distribution body with respect to measuring

electrodes.

Disclosdre of the Invention ‘

The foregoing object is achieved by an equipment for chemical analysis
comprising an electrochemical planar sensor, a measuring cell and means
for adjustment of conditions of hydrodynamics within the measuring system

designed in accordance with the present invention, the said equipment

comprising the electrochemical planar sensor forming an integral part of at
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least a bottom and/or cover of the measuring cell and the means for
adjustment of conditions of hydrodynamics within the measuring system
having a distribution body which is revolvingly seated and engages with
means for its rotation. The equipment may work either in a flow mode or in
an inside circulation mode. Further in accordance with the present invention
the measuring cell bottom is detachable, thus allowing for an easy exchange
of sensors. In a preferred embodiment both the distribution body and the
means for its rotation are placed on an arm, which is adjustable along a line
perpendicular to a plane of the planar sensor. Still further in accordance with
the invention the distribution body is provided with a shaft having at least one
longitudinally arranged channel for flow of analysed sample, the channel
opening into the measuring cell. In a preferred embodiment the channel is
arranged parallel to the shaft. The analysed sample may be transported into
the measuring cell even through the planar sensor, which in such a case has
to be furnished with provided with at least one opening for entry of the
sample into the measuring cell. For the flow mode operation the measuring
cell is furnished with an outlet for outflow of the analysed sample. By the
embodiment for the inside circulation mode the shaft is preferably provided
with at least one radially arranged passage, which is interconnected with the
channel. Better performance is achieved when the measuring cell is provided
with a disc shaped screen arranged plan-parallel with the distribution body
and extending like a ring around the shaft. Further improvement is achieved
when a surface of the distribution body facing the planar sensor is provided
with projections and/or grooves and/or is coarsened.

The equipment for chemical analysis designed in accordance with the
invention provides for optimisation of measuring system hydrodynamics. It
also allows for accurate adjustment of the distribution body with respect to
electrodes of the planar sensor. The equipment may be operated either in

a flow mode or in a mode with an inner circulation of a measured sample.
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Brief Description of the Drawings
By way of examples the invention will be now described with reference to the

" accompanying drawing. Fig. 1 presents the said equipment in a front

fragmentary vertical cross-section and Fig. 2 shows a cross-sectional view
taken along lines A-A in Fig. 1. Fig. 3 offers a front fragmentary vertical
cross-section of a measuring cell with a planar sensor in a form of the
cell cover. Fig. 4 illustrates a vertical cross-sectional view of a measuring cell
with aplanaf sensor the in aform of acover, where rotation of the
distribution body is derived from a rotating disc carrying electromagnets.
Fig. 6 depicts the arrangement with inner sample circulation and Fig. shows

a preferred embodiment for the arrangement according to Fig. 6.

Description of Preferred Embodiments
Referring to Fig. 1, there is shown an equipment for chemical analysis

comprising a measuring cell 1, planar sensor 2 and a stand with means for
adjustment of hydrodynamics of the measuring system. The measuring cell 1,
planar sensor 2 and the stand are located on a base 3. The stand, spaced
apart from the measuring cell 1, consists of a column 4 and an arm 5. The
arm 5 is arranged perpendicularly to the column 4 and is vertically adjustable
on the column 4. At one end of the arm 5 there is rotateably seated
a vertically arranged shaft 6, while at the other arm § end there is mounted
an electric motor 7 having its rotor axis vertically arranged. The shaft§ is at
its lower end furnished with a distribution body 8 having a shape of a disc.
The shaft 6 is also provided with a central co-axially arranged channel 9,
which at the lower end opens on a bottom surface of the distribution body 8,
while at its upper end is adapted for connection to the inlet of an analysed
sample. The shaft 6 engages with the motor 7 by means of a belt 10 and
pulleys 11, the pulleys seating at the shaft 6 and the driving pin of the motor Z.
The distribution body 8 together with above described means for its rotation
and the arrangement for adjustment of the vertical position of the arm 5

constitute means for adjustment of hydrodynamics of the measuring system.



WO 2004/040292 PCT/CZ2003/000063

10

- 156

20

25

30

In the working position the shaft & with the distribution body 8 extends into
the measuring cell 1. The vertical position of the distribution body 8 within the
measuring cell 1 is set manually, by shifting the arm 5 along the column 4.
The arm 5 is connected with a pivot 12 which is slidingly seated in the
column 4 axis and is connected with co-axially arranged motion screw 13.
The motion screw 13 revolves in a nut 14 attached to the column 4. Any
clearance between the screw 13 threads is eliminated by a wound spring 15,
which is positioned at the motion screw 13. The adjustment of a desired
position of the distribution body 8 is facilitated by an indicator 16 engaging by
means of the motion screw 13 with the pivot 12.

The measuring cell 1 being of a tubular shape has a detachable bottom,

‘which is sealed to the cell tubular wall by means of an O-ring 17. In the cell

bottom there is located the planar sensor 2 having at least one electrode.
The tubular wall of the measuring cell 1 is provided with two fixtures 18,
allowing for a set-up and fixing of the measuring cell 1 by adjustment
screws 19 with wing nuts 20. By fastening the wing nuts 20 the O-ring 17 is
compressed and the cell casing with the cell bottom makes the measuring
cell 1 a hermetically closed unit. An inlet 21 in the cell tubular wall allows for
drainage of the sample out of the measuring cell 1.

A liquid comprising a measured sample enters the measuring cell 1 through
the channel 9, which is at its upper free end supported by a holder 22
attached to the arm 5. By rotation of the distribution body 8 the sample is
evenly spread over working electrodes of the planar sensor 2.

The described embodiment enables accurate adjustment of a position of the
distribution body 8 above the electrodes and makes optimization of the
measuring system hydrodynamics feasible.

Another arrangement of the measuring cell 1 and the planar sensor 2is

presented on Fig. 3. The electrochemical planar sensor. 2 is an integral part
of a cover 23 of the measuring cell 1. The cover is again sealed by the
O-ring 17. The distribution body 8 rotation is induced by moment magnetic
transfer from magnets 24 located on the pulley 11 engaging by means of
belt 10 with electric motor. The electric motor is not depicted on the Fig. 3.
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The liquid containing a sample is supplied through a central channel 9,
rigidly attached to the measuring cell 1 body, The channel 9 opens into the
measuring cell 1 co-axially with the axis of rotation of the distribution body 8.
The sample output 21 is located in the measuring cell 1 tubular wall.

Another embodiment applying the flow measuring cell 1 of the thin-layer type
is presented in Fig. 4. Liquid carrying a sample enters the measuring cell 1 in
axis of rotation of the distribution body 8, thus being equally distributed to
individual electrodes of the planar sensor, and leaves radially through the
outlet 21. Moment of rotation is brought from the disc 25 furnished with
magnets 24, the disc 25 rotating within the space above the planar sensor 2,
which makes the cover 23 of the measuring cell 1. The inside space of the
measuring cell 1 is sealed by means of the O-ring 14. The arrangement of
this embodiment of the invention is suitable for simple applications where
measurement accuracy is not so important, as here magnetic lines of force
run through connections of the electrodes and induce noise voltage. This
drawback is eliminated by the embodiment illustrated in Fig. 5. The
measuring cell 1 operates similarly as by the preceding design. Unlike the above
design here the sample enters the measuring cell 1 through opening 26 in the
planar sensor 2. Rotation of the distribution body 8 is forced by rotation of
magnets 24 placed on a disc 25, which is located under the planar sensor 2.
Therefore the magnetic lines of force do not cross connections of the
electrodes and induction of noise voltage is significantly reduced.

The above described solution can be applied also for analysis carried out in
a non-flow mode, by analysis of a given amount of a sample, by so called
batch-analysis. For such a mode the shaft 6 is provided with at least one
radial passage 27, which is connected with the channel 9. This arrangement
allows for a circulation of the sample, as the liquid comprising the sample is
from the outlet 21 area returned through the passage 27 to the channel @
and to the measuring electrodes of the planar sensor 2 at the bottom of the
measuring cell 1. To eliminate circulation of the sample in the vicinity of input
into the distribution body 8, the measuring cell 1 may be preferably equipped
with a screen 8, which during rotation of the distribution body 8 remains
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stationéry. The screen 28 has a shape of a disc arranged plan-parallelly with
and above the distribution body 8 and in a shape of a ring encircling the free
lower part of the shaft 6 extends further up to the mouth of the passage 27
into the channel 9.

To increase effectiveness of the equipment, especially for analysis of liquids
8

—_

showing high viscosity, the face of the distribution body 8, i.e. its surface
facing the planar sensor 2, may be provided with projections and/or grooves

and/or is coarsened.
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CLAIMS

1. Equipment for chemical analysis comprising an electrochemical planar
sensor, a measuring cell and means for adjustment of conditions of
hydrodynamics within the measuring system, characterised in, that the
electrochemical planar sensor (2) makes an integral part of at least a bottom
and/or cover (22) of the measuring cell and the means for adjustment of
conditions of hydrodynamics within the measuring system comprise a
distribution body (8) which is rotateably seated and engages with means for

its rotation.

2. Equipmént for chemical analysis according to claim 1, characterised

in, that the measuring cell (1) bottom is detachable.

3. Equipment for chemical analysis according to claim 1 or 2, characterised
in, that the measuring cell (1) is furnished with an outlet (21) for outflow of

the analysed sample.

4. Equipment for chemical analysis accordiﬁg to any of the preceding claims,
characterised in, that both the distribution body (8) and means for its
rotation are placed on an arm (5), which is adjustable along a line perpendicular

to a plane of the planar sensor (2).

5. Equipment for chemical analysis according to claim 1 or
2, characterised in, that the distribution body (8) is provided with a shaft (6)
having at least one longitudinally arranged channel (9) for flow of analysed
sample, the channel (9) opening into the measuring cell (1).

6. Equipment for chemical analysis according to claim 5, characterised in,

that the channel (9) is arranged parallel to the shaft (6).
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7. Equipment for chemical analysis according to claim 5 or 6, characterised
in, that the shaft is provided with at least one radially arranged passage (26)

interconnected with the channel (9)

8. Equipment for chemical analysis according to any of the claims 1 up to 4,
characterised in, that the planar sensor (2) is provided with at least one

opening (25) for entry of the analysed sample into the measuring cell (1).

9. Equipment for chemical analysis according to any of the preceding
claims, characterised in, that a surface of the distribution body (8) facing
the planar sensor (2) is provided with projections and/or grooves and/or is

coarsened.

10. Equipment for chemical analysis according to claim 7, characterised
in, that the measuring cell (1) is provided with a screen (27) shaped as a disc
arranged plan-parallel with the distribution body and extending like a ring
around the shaft (6).
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