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CORROSION MEASUREMENT DEVICE resembles the actual application environment of the material 
being tested . The electrolyte , reference electrode and coun 

This application is the U.S. national phase of International ter electrode are placed above the coated sample ( working 
Application No. PCT / GB2018 / 053368 filed 21 Nov. 2018 , electrode ) . All the electrodes are connected to a potentiostat 
which designated the U.S. and claims priority to GB Patent 5 or to a galvanostat , or to an instrument that can function 
Application No. 1719481.2 filed 23 Nov. 2017 , the entire either as a potentiostat or a galvanostat . The potentiostat 
contents of each of which are hereby incorporated by applies a potential between the reference electrode and 
reference . working electrode and analyses the response of the system 

to determine the electrochemical state of the system and how 
FIELD this changes over time . The galvanostat controls the current 

This invention relates to apparatuses and systems for use flow between the working electrode and the counter elec 
trode and measures the potential difference between the in sensing electrochemical change in an object . In embodi reference electrode and the working electrode . ments , it relates to an electrochemical cell device . In other There are two broad categories of apparatus for perform embodiments , it relates to systems including that device . ing EIS : open electrochemical cells and sealed electrochemi 

BACKGROUND cal cells . Each has the reference electrode , counter electrode 
and electrolyte described above ( and , in use , the working 

It is generally desirable to be able accurately to detect electrode in the form of the object being tested ) . In an open 
electrochemical change in certain objects . Detecting elec- 20 electrochemical cell , the electrolyte is placed in direct con 
trochemical change in an object can aid , for example , in tact with the object to be tested . An example of such an open 
determining maintenance requirements for the object . For electrochemical cell is shown in FIG . 1 ( a ) . As can be seen 
example , if significant electrochemical change is detected in from this figure , the body of the cell provides walls to 
the object , it can be determined that a protective coating contain the electrolyte , but has no base . Instead , the base is 
needs to be applied or re - applied to the object , or that 25 provided by the object to be tested , such that the electrolyte 
part of the object needs to be replaced . If no significant is in contact with the object to be tested . By contrast , in a 
electrochemical change is detected in the object , then it can sealed electrochemical cell , the electrolyte is not placed in 
be determined that no maintenance is required . Parts of direct contact with the object to be tested ; instead , a wall of 
structures as diverse as pipelines , cars , aircraft and oilrigs the cell body separates the electrolyte from the object to be 
undergo testing for electrochemical change in order to 30 tested . Both open and sealed electrochemical cells in 
determine maintenance requirements . known forms — have disadvantages . 

Errors in the detection of electrochemical change in an Measurements using open electrochemical cells can result 
object can lead either to over - maintenance or to under- in damage the object being tested due to direct contact 
maintenance . For example , in the case of significant elec- between the electrolyte and the object . Such damage is 
trochemical change being erroneously detected , a protective 35 illustrated schematically in FIG . 1 ( b ) , which shows a sche 
coating may unnecessarily be applied or re - applied to an matic view of a sample after testing with the open electro 
object , or a part of the object may be replaced , when the chemical cell shown in FIG . 1 ( a ) . Furthermore , open elec 
object has in fact not experienced significant electrochemi- trochemical cells can only reliably be used on substantially 
cal change . In the case of a measurement that fails to detect horizontal surfaces of an object . If an open electrochemical 
electrochemical change although in fact the object is under- 40 cell is fixed to a surface of an object that is at an angle , or 
going such change , appropriate maintenance may not be indeed faces downwards , electrolyte will leak from the cell . 
carried out even though it is required . If , as a result of electrolyte leakage , the volume of electro 
One method of detecting electrochemical change in an lyte changes during a measurement , the resulting measure 

object is through a Linear Polarisation Resistance ( LPR ) ment will be unreliable . 
technique . Measurements using a sealed electrochemical cell avoid 

Another method of detecting electrochemical change in the above disadvantages , but come with their own disad 
an object is by performing electrochemical impedance spec- vantages . For example , in existing sealed electrochemical 
troscopy ( EIS ) . In EIS , an alternating potential is applied to cells , it is difficult to achieve good electrical contact between 
an electrochemical cell , and the response of the cell ( its the body of the cell and the object to be tested . If there is an 
electrochemical impedance ) is measured . The measured 50 air gap between the cell body and the object to be tested , 
impedance and in particular its frequency - dependence- either measurements cannot be taken at all , or they will be 
can be analysed to determine if electrochemical change has inaccurate . 
occurred in an object . A particular example of the use of EIS To improve electrical contact between the cell body and 
will be described below in the “ Detailed Description " sec- the object , the cell body can be fixed to the object using an 
tion . 55 adhesive . This , however , can leave residual adhesive on an 

EIS can be performed on almost any object or system that object after testing , which can promote undesired electro 
can be modelled by an equivalent electrical circuit . For chemical change in the object . Further , since the material 
example , EIS can usefully be performed on an object properties of the adhesive generally do not match those of 
consisting of a metal substrate with a protective coating . A the object being tested , this can introduce inaccuracies in 
standard setup for performing EIS on such an object consists 60 measurements performed using such a cell . Although such 
of an electrochemical cell and a potentiostat or a galvanostat . inaccuracies can be removed mathematically , such removal 
The electrochemical cell is made up of an electrolyte , a is only approximate . Finally , since a cell including electro 
reference electrode , a counter electrode and a working lyte can be relatively heavy , it cannot reliably be fixed to 
electrode . The object ( consisting of the metal substrate and non - horizontal surfaces using an adhesive since there is a 
its coating ) acts as the working electrode . 65 risk that it will fall . 

The reference electrode and counter electrode are placed Open and sealed electrochemical cells also share some 
in the electrolyte , which is generally a solution that closely disadvantages that are common to both types of cell . 

45 
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First , to sense electrochemical change in an object that has to the object can make it easy to attach the cell to an object 
been coated with a protective non - conductive - coating , and to detach it from the object . 
some of the coating must be removed so as to make The at least one magnet also eliminates the need to use 
electrical contact with the object and thereby form the glue to attach the body to the object . Thus , glue residuals at 
working electrode . This exposes a ( typically small ) region of 5 the inspected surface are avoided . Further , the at least one 
the object to the environment , and therefore exposes it to magnet also allows for improved flow of electrical current 
further electrochemical change such as corrosion . between the at least a first electrode and the object , since 

Second , although existing electrochemical cells for mea- glue can provide resistance to this flow of electrical current . 
surement of electrochemical change in an object can be The at least one magnet allows the body to make good 
useful in laboratory applications , they may be impractical or contact with an object , without a significant air gap between 
even unsuitable for on - site field measurements , in particular the body and the object . This provides for electrical current 
in cases where the area to be analysed is large . Conventional to flow to and from the at least the first electrode through the 
cells can typically only analyse few centimetres of the object cell body and the object , without encountering significant 
on which they are placed , due to the relatively small area that resistance due to the presence of an air gap in this circuit . 
they cover . This means that such conventional cells are of The body , in being arranged physically to isolate , in use , 
limited use for analysis of a large area . the electrolyte from the object allows for the apparatus to be 

Although such sensors have a maximum theoretical range used in sensing the electrochemical state of an object 
for sensing of approximately 0.5 m around the sensor , the without the electrolyte coming into contact with the object . 
accuracy of sensing decreases as the distance from the 20 This eliminates the risk of damage to the object being tested 
sensor increases . This can mean that a large number of due to direct contact between the electrolyte and the object . 
sensors ( or a large number of repeated measurements ) are 
required for sensing large area . There will also be Definitions 
" dead zones ” between sensed regions , since the regions 
sensed are approximately circular and therefore do not 25 In being for use in sensing electrochemical change in an 
tessellate . object , the apparatus may be for use in performing electro 

To increase the sensed area using a smaller sensor , a chemical impedance spectroscopy on an object . In being for 
conductive gel can be spread onto a coating . This gel , use in sensing electrochemical change in an object , the 
although relatively inert , can nevertheless attract salt or apparatus may be for use in performing a linear polarisation 
other corrosive particles and can act to glue them to the 30 resistance method on an object . The expression “ in use ” may 
surface , even after the gel is wiped off . This can increase mean “ when the apparatus is used to sense electrochemical 
electrochemical change in the object . change in an object ” . The expression “ in use ” may therefore 

Using a larger sensor increases the area that can be tested , mean “ when the apparatus is used to perform electrochemi 
but larger sensors are not appropriate for all applications . cal impedance spectroscopy on an object ” or “ when the 
When sensing of only a small area in a difficult - to - access 35 apparatus is used to perform a linear polarisation resistance 
location is required , a larger sensor may be inappropriate method on an object . ” In being arranged physically to isolate 
because it may not fit into the space available . Even when the electrolyte from the object , the substantially electrically 
the location is accessible , if only a relatively small area is of conductive body is arranged to prevent the electrolyte from 
interest , using a larger sensor can result in excessive pro- contacting the object . In being arranged to be , in use , in 
cessing times of measurements relative to a smaller sensor 40 electrically conductive contact with the object , the body may 
that could have been applied to the area of interest . be arranged to be in direct physical contact with the object . 

It is an object of at least certain embodiments to address In being arranged to be , in use , in electrically conductive 
one or more of these problems . contact with the object , the body may be arranged to be in 

electrically conductive contact with the object via a sub 
SUMMARY 45 stantially electrically conductive intermediary , for example 

a substantially electrically conductive overlay as detailed 
First Aspect below . 

In being substantially electrically conductive , the substan 
According to a first aspect of the present disclosure , there tially electrically conductive body is sufficiently conductive 

is provided an apparatus for use in sensing electrochemical 50 to conduct electricity between the first electrode and the 
change in an object , the apparatus comprising : a substan- object . In other words , the substantially electrically conduc 
tially electrically conductive body defining a cavity for tive body is electrically conductive . Substantially all of the 
containing an electrolyte , the body arranged to be , in use , in body may be substantially electrically conductive . This 
electrically conductive contact with the object and arranged means that the body can be applied in a number of orien 
physically to isolate , in use , the electrolyte from the object ; 55 tations to the object and still be in electrically conductive 
and at least a first electrode at least partially within the contact with the object . It also means that the body can be 
cavity , the first electrode for electrical connection to a manufactured from a single material . This may be more 
potentiostat or to a galvanostat and arranged to be , in use , in cost - effective than using more than one material . Alterna 
electrical contact with the electrolyte in the cavity ; wherein tively , only part of the body may be substantially electrically 
the body comprises at least one magnet arranged to , in use , 60 conductive . This means that a part of the body that needs to 
apply a magnetic force to the object and thereby to attach the be in electrically conductive contact with the object in order 
body to the object . for sensing to be performed using the apparatus can be 

formed of an electrically conductive material , and the rest of 
Effects the body can be formed from another material . This can 

65 reduce the cost of the apparatus where the electrically 
The at least one magnet arranged to , in use , apply a conductive material is significantly more expensive than the 

magnetic force to the object and thereby to attach the body other material used . 
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The first electrode may be a counter electrode . In other According to a second aspect of the present disclosure , 
words , the first electrode may be arranged to , in use , deliver there is provided a system for use in sensing electrochemical 
current to the electrolyte . The counter electrode may be in 5 change in an object , the system comprising : a first apparatus 
the form of a mesh . The counter electrode may be of a according to the first aspect , wherein the at least a first 
substantially electrochemically inert material . The counter electrode comprises a counter electrode ; and a second appa 
electrode may be of platinum or of aluminium . ratus according to the first aspect , wherein the at least a first 

The apparatus may further comprise a second electrode . electrode comprises a working electrode . 
The second electrode may be a reference electrode . In other 
words , the second electrode may be arranged to be used to Effects 
measure the potential of another electrode . The reference 
electrode may be a hydrogen electrode , a saturated calomel By providing a second apparatus according to the first 
electrode , a copper - copper ( II ) sulphate electrode , a silver- aspect , the object in which electrochemical change is to be 
chloride electrode , or a palladium - hydrogen electrode . sensed can be made into a working electrode without the 

The first electrode may be a working electrode . need to connect an electrical connector directly to the object . 
Thus , in applications in which the object has a protective 

Body coating , there is no need to remove a patch of this coating 
in order to test an object under a non - conductive coating . 

The body may be of aluminium . The body may be of 
platinum . When the body is of aluminium , the body has Third Aspect 
fairly high electrical conductivity and is fairly electrochemi 
cally inert , while also being formed of a material that is According to a third aspect of the present disclosure , there 
relatively inexpensive . When the body is formed of plati- 25 is provided an apparatus for use in sensing electrochemical 
num , the body has high electrical conductivity and is elec- change in an object , the apparatus comprising : a substan 
trochemically non - reactive . This means that the body is able tially electrically conductive body defining a cavity for 
to conduct electricity through the apparatus to and / or from containing an electrolyte , the body having a first surface 
the object to be tested , without itself experiencing electro- arranged to be , in use , in electrically conductive contact with 
chemical change . Electrochemical change of the body can 30 the object along substantially the whole of a length of the 
affect measurements of electrochemical change in an object , first surface and arranged physically to isolate , in use , the 
because the measurement will pick up electrochemical electrolyte from the object ; and at least a first electrode at 
change of the cell body . least partially within the cavity , the first electrode for con 

The body may have a first surface arranged to be , in use , nection to a potentiostat or a galvanostat and arranged to be , 
in electrically conductive contact with the object along 35 in use , in electrical contact with the electrolyte in the cavity ; 
substantially the whole of a length of the first surface and wherein the electrically conductive body comprises at least 
may comprise at least a first part and a second part , the a first part and a second part , the second part slideably 
second part slideably movable relative to the first part from movable relative to the first part from a first , retracted , 
a first , retracted , position to a second , extended , position , position to a second , extended , position , such that the length 
such that the length of the first surface is greater when the 40 of the first surface is greater when the second part is in the 
second part is in the second position than when the second second position than when the second part is in the first 
part is in the first position . position . 
When the body is arranged as just described , it is able to 

“ telescope ” . This is discussed further below , in relation to Effects 
the third aspect . 

Since the substantially electrically conductive body com 
Magnet prises at least a first part and a second part , the second part 

slideably movable relative to the first part from a first , 
The at least one magnet arranged to , in use , apply a retracted , position to a second , extended , position , such that 

magnetic force to the object and thereby to attach the body 50 the length of the first surface is greater when the second part 
to the object may be a permanent magnet . The at least one is in the second position than when the second part is in the 
magnet may be samarium cobalt . Samarium cobalt magnets first position , the body can “ telescope ” . That is , the body can 
are light weight , small in size , powerful , have a strong be extended by sliding the first part or the second part or both 
resistance to corrosion and can be used in high temperature parts relative to one another so that the second part is in the 
and poor working conditions . 55 second , extended position . This increases ( relative to when 

The at least one magnet may be the substantially electri- the second part is in the first position ) the length of the first 
cally conductive body . That is , the electrically conductive surface that is arranged to be , in use , in electrically conduc 
body may be a permanent magnet . tive contact with the object . In turn , this increases the surface 

The apparatus may further comprise an electrolyte con- area of the body that is in electrically conductive contact 
tained by the cavity ; a potentiostat or a galvanostat electri- 60 with the object . This means that the apparatus can be made 
cally connected to the first electrode ; and an electrical to be relatively portable and suitable for sensing electro 
connector arranged to be electrically connected to the object . chemical change in relatively small objects , or objects in 
This arrangement provides a complete apparatus that can be difficult - to - access areas when the second part is in the first 
used without further modification or additions to sense position , while allowing for larger surfaces to be analysed 
electrochemical change in an object , by simply applying the 65 when the second part is in the second position . This makes 
body to the object and connecting the electrical connector to the apparatus more versatile than an apparatus that has one 
the object . fixed size . There may therefore be no need , for example , to 

45 
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use a conductive gel to increase the surface area that can be to move from a first state when the second part is in the first 
analysed with the apparatus . Instead , it can simply be position to a second state when the second part is in the 
extended . second position , wherein the second state is extended rela 

tive to the first state . 
Sealing The substantially electrically conductive overlay may 

have an electrical conductivity that is at least equal to the The body may be arranged to retain electrolyte at sub electrical conductivity of the substantially electrically con 
stantially any orientation of the body . The first and second ductive body . 
parts may be substantially tubular and may be arranged such The substantially electrically conductive overlay may 
that at least a first portion of one of the parts is radially 10 extend radially around the second part . This allows the 
within the other part when the second part is in the first apparatus to be used in any radial orientation , while main position . The first and second parts may be arranged such 
that when the second part is in the first position , a greater taining electrical contact between the second part and the 
portion of one of the parts is radially within the other part object to which the body is applied . 
than when the second part is in the second position . Each of 15 Pipes the first and second parts may comprise an end that is distal 
from the other part and that is closed . For example , the distal 
ends may be arranged so as not to allow a liquid to pass The body may comprise first and second pipes in fluid 
through them . communication with the cavity . The first pipe may be 

In being arranged to retain electrolyte at substantially any 20 arranged to be used to introduce electrolyte into the cavity . 
orientation , this configuration allows for the body to be The second pipe may be arranged to allow air to escape from 
attached to a surface at substantially any orientation , without the cavity . The first pipe may extend further into the cavity 
electrolyte escaping from the body . As discussed abo if than the second pipe . This allows the body to be completely 
electrolyte escapes during measurement , the measurement filled with electrolyte , and thus prevents air pockets within 
results are adversely affected . This sealed design may be in 25 the cavity , which would adversely affect measurements 
synergy with the use of magnets in the apparatus , since using the apparatus . 
together these features allow for the apparatus be attached at 
any orientation even up - side - down — such that it can be Magnet 
attached , for example , to ceilings and structures with chal 
lenging geometrical configuration . The body may comprise at least one magnet arranged to , 

in use , apply a magnetic force to the object and thereby to 
Electrically Conductive Overlay attach the body to the object . As discussed above in relation 

to the first aspect , this allows the body to be attached to an The apparatus may further comprise a substantially elec object without the use of glue . When the second part has at 
trically conductive overlay on at least a portion of the first 35 least a first portion that is radially within the first part when surface , the substantially electrically conductive overlay the second part is in the first position , the at least one magnet arranged to conduct , in use , electricity between the first may be arranged on a radially - inner surface of the second surface and the object . When the second part has at least a part . first portion that is radially within the first part when the Optional features of each aspect are also optional features second part is in the first position , the overlay may be 40 
arranged on a second portion of the second part that is not of each other aspect , with changes of terminology being 
radially within the first part when the second part is in the inferred by the skilled addressee where necessary for these 

to make sense . first position . The overlay may be arranged to move from a 
first state when the second part is in the first position to a BRIEF DESCRIPTION OF THE DRAWINGS second state when the second part is in the second position , 45 
wherein the second state is extended relative to the first state . 

In this way , the overlay extends and contracts with Specific embodiments will be described below by way of 
corresponding movement of the second part , and thereby example only and with reference to the accompanying 
allows electrically conductive contact between the second drawings , in which : 
part and the object to be tested to be maintained , regardless 50 FIG . 1 ( a ) shows a schematic view of an open electro 
of the position of the first part . Without the overlay , when the chemical cell ; 
first and second parts are substantially tubular and the FIG . 1 ( b ) shows part of an object after EIS has been 
second part has a first portion that is radially within the first performed on it using the open electrochemical cell ; 
part when the second part is in the first position and a second FIG . 2 shows a first example of an apparatus for use in 
portion of the second part that is not radially within the first 55 sensing electrochemical change in an object , the apparatus in 
part when the second part is in the first position , if the body the form of a two - electrode electrochemical cell device and 
is applied to a flat surface , the second portion will not be in shown in its extended state ; 
electrically conductive contact with the surface . This can FIG . 3 shows the two - electrode electrochemical cell 
allow the whole of the body to be in electrically conductive device in its retracted state ; 
contact with an object to be tested , or at least increases the 60 FIG . 4 shows the two - electrode electrochemical cell 
contact area relative to an arrangement in which the overlay device in use in its extended state , connected to a galvanos 
is not present . tat ; 
The overlay may be a mesh that is arranged to be extended FIG . 5 shows a working electrode electrochemical cell 

and / or compressed . The overlay may be a folded material device ; 
that is arranged to be extended and / or compressed . The 65 FIG . 6 shows a system for sensing electrochemical 
overlay may be a coil that is arranged to be extended and / or change in an object , the system in the form of a two 
compressed . Each of these arrangements allow the overlay electrochemical cell device setup ; and 
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FIG . 7 shows a single - electrode electrochemical cell stable . It has a glass body 240. The reference electrode 210 
device with a combined counter and reference electrode . is placed in the centre of the cavity 204 . 

In other examples , the counter electrode 208 can be made 
DETAILED DESCRIPTION from another electrochemically inert metal , such as alu 

5 minium . The reference electrode 210 can be for example a 
With reference to FIG . 2 , an example of an apparatus for standard hydrogen electrode , a saturated calomel electrode , 

use in sensing electrochemical change in an object will now a copper - copper ( II ) sulphate electrode , a silver - chloride 
be described . In this example , the apparatus is a two- electrode , or a palladium - hydrogen electrode . In certain 
electrode electrochemical cell device 200. The electro measurement cases , such as for following higher frequen 
chemical cell device 200 has a substantially electrically 10 cies , such as frequencies of 105 Hz or more , the reference 
conductive body in the form of a cell device housing 202 . electrode 210 is coupled via a capacitor to an inert metal 
The cell device housing 202 defines a cavity 204 which , in wire ( such as a platinum wire ) , which can for instance be 

mounted beside the reference electrode 210. The inert metal use , is filled with electrolyte 206. The electrochemical cell wire then follows the higher frequencies and a “ dual refer device 200 also has a first electrode in the form of a counter 15 ence electrode ” is obtained . This is particularly suitable electrode 208. In this example , the electrochemical cell when the reference electrode 210 is a saturated calomel device 200 also has a second electrode in the form of a electrode . 
reference electrode 210. The electrodes are within the cavity By using separate counter 208 and reference 210 elec 
204 and are connected to cables 212 and 214 so as to be trodes , the two - electrode electrochemical cell device 200 of electrically connected to a potentiostat or to a galvanostat 20 FIG . 2 is arranged such that in use the reference electrode 
when the electrochemical cell device 200 is being used to 210 does not deliver a current . Thus , the measured imped 
sense electrochemical change in an object 216. In this ance contains no contribution from possible polarisation 
example , the cell device housing 202 contains two magnets effects of the reference electrode 210. In addition , by using 
218 and 220 that allow the electrochemical cell device 200 a very stable reference electrode 210 such as the saturated 
to be attached to the object 216. In this example , the cell 25 calomel electrode used in this example , the set point voltage 
device housing 202 is made up of a first part and a second and the current can be set very accurately . This is particu 
part in the form of outer and inner tubes 222 , 224. The inner larly advantageous for strongly degraded coatings , for which 
tube 224 is slideably moveable relative to the outer tube 222 the potential is relatively unstable . 
so as to extend or retract the cell device housing 202 , thereby The inner tube 224 is capped with an extension coil 242 
increasing or decreasing the length of the housing 202. FIG . 30 that in this example is made from aluminium . In other 
2 shows the two - electrode electrochemical cell device 200 in examples , the extension coil 242 can be made from another 
its extended state , with the inner tube 224 extended . FIG . 3 electrochemically inert material , such as platinum . The 
shows the two - electrode electrochemical cell device 200 in extension coil 242 provides electrical contact 244 between 
its retracted state , with the inner tube 224 retracted . the inner tube 224 and the substrate 226. A coil stopper 248 

The two - electrode electrochemical cell device 200 will 35 on one end of the inner tube 224 keeps the extension coil 242 
now be described in more detail with reference to FIG . 2 . in place on the inner tube 224 by preventing it from sliding 
FIG . 2 shows a schematic cross - section of the of electro- off the inner tube 2. The extension coil 242 is compressed 
chemical cell device 200 for measuring the corrosion rate of when the electrochemical cell device 200 is contracted and 
a coated substrate 226. The cell device housing 202 is made is extended when the electrochemical cell device 200 is 
up of an inner tube 224 positioned inside an outer tube 222 40 extended . The complete body of the electrochemical cell 
in a telescopic fashion . The cell 200 can be built from any device 200 including the coil 242 acts as a counter electrode 
conductive material which has high conductivity , however , and comes into contact with the substrate 226 when the 
the conductivity of the cell material and the subject material electrochemical cell device 200 is attached to the substrate 
should as close as possible , if not calibration could be used . 226. In other examples , the coil 242 can be replaced with 
In this example , the inner and outer tubes 224 , 222 are made 45 other overlays that can be extended and compressed with 
of aluminium . In another example , they are made of plati- movement of the inner tube 224. For example , a folded wire , 
num . Both the tubes are sealed at the bottom 228 , top 230 plate or tube can be used , since each of these arrangements 
and in - between 232. The length of the electrochemical cell can extend or compress . Similarly , a mesh ( whether regular 
device 200 can be adjusted by a button 234 which upon or irregular , including , for example , a bundle of wires such 
release fits and locks itself on any groove 236 it encounters 50 as wire wool ) can be used for the same reasons . In the above 
on the inner tube 224 , The telescopic extension of the example , the extension coil 242 extends around the inner 
electrochemical cell device 200 allows for measurements to tube 224. It will be understood by the skilled person , 
be performed on a larger area of the substrate 226 when the however , that in other examples the overlay need only be 
electrochemical cell device 200 is extended than when it is applied to whichever part of the tube is required to be in 
in its retracted state . The electrochemical cell device housing 55 electrically conductive contact with the substrate 226 . 
202 defines a cavity 204. This cavity 204 , when the elec- The housing 202 of electrochemical cell device 200 has 
trochemical cell device 200 is in use , contains an electrolyte an inlet pipe 252 and an outlet pipe 254. As can be seen from 
206 . FIG . 2 , the inlet pipe 252 extends further into the cavity 204 

The cavity 204 also has a counter 208 and reference 210 defined by the housing 202 than the outlet pipe 254. This 
electrodes in it , with a respective counter electrode cell 60 allows the cavity 204 defined by the housing 202 to be filled 
device cable 214 and reference electrode cell device cable with electrolyte 206 via the inlet pipe 252 , with air escaping 
212 extending out of the cavity 204. The counter electrode through the outlet pipe 254. The relative positions of the 
208 in this example is in the form of a metal mesh 238. In inlet 252 and outlet 254 pipes allow the housing 202 to be 
this example , the counter electrode 208 is made from completely filled with electrolyte 206 . 
platinum . The mesh 238 in this example has a surface of 65 The electrochemical cell device 200 further comprises 
approximately 40 cm² . The reference electrode 210 in this magnets 218 , 220 on the inner tube 224 for attaching the 
example is a saturated calomel electrode , which is very electrochemical cell device 200 to the substrate 226 . 
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The magnetic flux density of the magnets 218 , 220 inner and outer tubes 224 , 222. A further seal between the 
depends on the length to which the cell device 200 has been outer and inner tubes 222 , 224 is arranged to prevent leaks 
extended and the type of application . The further the device of electrolyte 206 during extension and contraction of the 
200 is extended , the more electrolyte 206 will be required to electrochemical cell device 200. In this example the seal 
fill the device 200. Accordingly the filled device 200 will be 5 between the inner and outer tubes 224 , 222 is in the form of 
heavier . Generally , magnetic flux density is selected such a rubber O - ring . 
that the force required for pulling off the electrochemical cell With reference now to FIG . 7 , an example of an alterna 
device 200 is at least 10 N. By selecting a magnet with such tive apparatus for use in sensing electrochemical change in 
a relatively high magnetic flux density , gaps between the cell an object will now be described . In this example , the 
device housing 202 and the object 216 can be avoided . This 10 apparatus is a single - electrode electrochemical cell device 
eliminates the extra resistance from these gaps , increasing 700. Instead of having separate reference and counter elec 
reliability of measurements relative to measurements made trodes as in the two - electrode electrochemical cell device 
with such gaps . On the other hand , the magnetic flux density 200 shown in FIG . 2 , the single - electrode electrochemical 
is also selected such that the pull - off force required does not cell device 700 of FIG . 7 has just one electrode 702. This 
exceed 25 N , so that the electrochemical cell device 200 can 15 electrode 702 can act as a combined counter and reference 
relatively easily be removed from a substrate 226 when this electrode . When this combined counter electrode and refer 
is required . In this example , the magnets 218 , 220 are ence electrode is immersed in the electrolyte 206 , the 
permanent samarium cobalt magnets ( ferromagnets ) . These electrode 702 can be used both for delivering the current and 
magnets are light weight , small in size , powerful , have a as a reference electrode . 
strong resistance to corrosion and can be widely used in high 20 The above - described electrochemical cell device 700 
temperature and poor working conditions . In other comprises magnets 218 , 220 and is also arranged to be 
examples , other permanent magnets meeting these condi- telescoped ( i.e. comprises an inner and an outer part 224 , 
tions can be used . 222 that are moveable relative to one another ) . It will be 

The thickness of the electrochemical cell device 200 tubes understood by the skilled person , however , that devices in 
222 , 224 is selected to be thin enough that the electrochemi- 25 which only one of these features is present also fall within 
cal cell device 200 is relatively light - weight and easy to the scope of this disclosure . In other words , a telescoping 
attach to a substrate 226. In this example , the thickness of device need not have magnets , and may instead be fixed to 
the tubes 222 , 224 is 0.5 mm . In other examples , the an object by other means ( for example with glue ) , and a 
thickness of the tubes 222 , 224 is between 0.1 mm and 1 device with magnets need not telescope , and may instead be 
mm . In this example , the inner tube 224 is 35 mm wide and 30 formed in a single part . 
the outer tube 222 is 40 mm wide . The lengths of the inner With reference now to FIG . 4 , a setup for sensing elec 
and outer tubes 224 , 222 are such that in this example , the trochemical change in an object will now be described . In 
electrochemical cell device 200 can extend up to one metre this example , the setup is for measuring the condition of 
in length . coated metal substrate 226. The setup is made up of the 

The inner telescopic tube 224 has an electrically conduc- 35 electrochemical cell device 200 described above with ref 
tive overlay . In this example , the overlay is in the form of an erence to FIG . 2 , and additionally an electrolyte 206 , a 
extension coil 242 wrapped around the inner tube 224. The potentiostat 402 and an electrical connector in the form of a 
extension coil 242 in this example is made of aluminium . working electrode cable 404. In other examples , a single 
The radially - outer edges of the extension coil 242 are at the electrode electrochemical cell device 700 as described above 
same radial distance from the axis of the electrochemical 40 with reference to FIG . 7 can be used in place of the 
cell device 200. Thus , when the electrochemical cell device two - electrode electrochemical cell device 200 of FIG . 2 . 
200 is placed on a surface with the axis of the electrochemi- The single electrochemical cell setup can be used to 
cal cell device 200 substantially parallel to the surface , both perform EIS . EIS is particularly used for analysing the 
the outer tube 222 and the extension coil 242 are in contact condition of coatings that have been applied on conductive 
with the surface along substantially the whole of their 45 substrates such as conductive metals . For example , EIS can 
combined length . be used to analyse non - conductive polymeric coatings that 

The extension coil 242 squeezes upon contraction of the are used to protect the conductive substrate from , for 
electrochemical cell device 200 ( as shown in FIG . 3 ) and example , corrosion . 
opens upon extension ( as shown in FIG . 2 ) . In both the The single electrochemical cell setup is set up to be used 
extended and retracted states of the inner tube 224 , the 50 to measure the corrosion rate of the substrate 226. In this 
extension coil 242 is in electrical contact with the inner tube example , the substrate 226 has a coating 250 applied to it . To 
242 , along the length of the coil 242. The coil 242 allows the put together the single electrochemical cell setup , the elec 
whole body of the electrochemical cell device 200 to be in trochemical cell device chamber 204 is filled with an elec 
electrically conductive contact with the substrate 226 when trolyte 206 via the inlet pipe 252. Air escapes through the 
the electrochemical cell device 200 is attached to the sub- 55 outlet pipe 254. Any appropriate electrolyte can be used to 
strate 226 , The extension coil 242 is bounded at its end fill electrochemical cell device chamber 204. It is useful to 
furthest from the outer tube 222 by a radial projection that use electrolyte which approximates to the environment to 
prevents the coil 242 from slipping off the inner tube 224 . which the substrate 226 is normally exposed . Liquid aque 
The extension coil 242 is bounded at its other end by the ous solution such as an aqueous NaCl , an aqueous KCl and 
outer tube 222 . 60 an aqueous Na2SO4 can all be used . The salt concentration 

The electrochemical cell device 200 has seals at each of of the electrolytes in different example systems can vary 
its two ends 230 , 234 , that is , at one end of the inner tube 224 widely . Concentrations in the range of 0.001 to 1 M are 
and at the end of the outer tube 222 that is furthest from the particularly suitable . In this example , the NaCl concentra 
inner tube 224. In this example , the seals are in the form of tion is around 0.17 M. 
rubber stoppers 248 that plug the end of the tubes . In other 65 Either before or after the electrochemical cell device 200 
examples , the seals can be implemented in other ways , for is filled with electrolyte , the reference and counter electrodes 
example by being integrally formed with , respectively , the 210 , 208 are connected to corresponding terminals on the 
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potentiostat 402 , via reference electrode and counter elec 
trode cables 212 , 214. A working electrode cable 404 is 
connected to the working electrode terminal on the poten 
tiostat 402 , ready to be connected to the substrate 226 to be 
tested to transform the object 216 into a working electrode . 5 Where e , is the permittivity of vacuum ( approximately 

The magnets within the electrochemical cell device 200 8.854.10-12 F.m- ' ) , s , is the relative electrical permittivity 
enable it to be attached to the substrate 226 to be analysed . ( dielectric constant ) of the coating , A is the surface area of 
As shown in FIG . 2 , in use , the electrolyte 206 does not the coating in m² and d is the thickness of the coating in m . 
come into direct physical or electrical contact with the Thick , high - quality coatings characteristically have very 
substrate 226. Instead , electrical current follows a path from low capacitance Ce due to their very low relative dielectric 
the counter electrode 208 , through the electrolyte 206 , constant ( 4 to 8 ) . By contrast , degraded coatings have high 
through the cell body to the substrate 226 . capacitance C , due to their relatively high dielectric constant 

During non - destructive measurement , the electrochemical ( 50-80 ) . Water has a dielectric constant of 80. If the 
cell device 200 is in direct electrical contact with the degraded coating absorbs water , therefore , its dielectric 
substrate 226 such that the current flows from the counter constant can be in the range of 50-80 . 
electrode 208 to the electrolyte 206 and enters the substrate The two electrochemical cell devices 200 , 500 can be 
226 via the cell body of the electrochemical cell device 200 . used to measure the condition of the coating beneath them . 
As described above , in a conventional open electrochemical The detection area of the coating 250 beneath the cell 
cell , by contrast , the electrolyte comes into direct contact 20 flow of current between the clamped cell devices and the devices acts as a capacitor and provides a path way for the 
with the substrate . This results in a chemical reaction with substrate 226. The detection area can be increased by the substrate , damaging or at worst — ultimately destroy extending the length of both or one of the cell devices 200 , ing , the substrate . 500 as described above with reference to FIGS . 2 and 3 . The single electrochemical cell setup 400 can also be used With the extension , more coating 250 area comes in contact for the non - destructive corrosion measurements of metal 25 with the cell devices . 
coatings , bare metals and alloys through a Linear Polarisa The impedance of the coated substrate 226 is measured by 
tion Resistance ( LPR ) method . applying a small sinusoidal signal between the counter 
Two electrochemical cell devices 200 can be used to electrode 208 and the working electrode 502 with a fre 

perform non - destructive testing of a coating without the quency in the range of 0.001-1000000 Hz . The impedance is 
need to remove a patch of coating to reach to the substrate given as : 
for attaching the working electrode cable . Such a system will 
now be described with reference to FIG . 6 , which shows a 
two electrochemical device setup 600. In the two electro ZCPE 
chemical cell device setup , one cell device 602 acts as a jwac 

counter electrode while the other 604 acts as a working 
electrode . Where , w is called the ‘ Frequency’and a is the exponent , 

The counter electrode cell device in this example is the equalling 1 for a capacitor . A measurement batch typically 
two - electrochemical cell device shown in FIG . 2. The work consists of a number of frequency sweeps , while the 
ing electrode cell device 500 is as shown in FIG . 5. Magnets 40 response of the system is monitored . 
218 , 220 within the two cell devices enable them to be Investigations using the electrochemical cell device 200 
attached to the coating 250 as shown in FIG . 6 . can be performed through either the potentiostatic or the 

The working electrode cell device contains a working galvanostatic mode . In the potentiostatic mode , a poten 
electrode connected to a WE cell cable 504 ( FIG . 5 ) and tiostat / galvanostat controls the potential of the counter elec 
further contains a metal mesh 506 inside the chamber . When 45 trode against the working electrode so that the potential 
both electrochemical cell devices 602 , 604 are placed on the difference between the working electrode and the reference 
coating 250 an electrochemical cell setup is formed between electrode is well defined , and corresponds to a value speci 
the bodies 602 and 604 of both the cell devices . By con- fied by the user . In galvanostatic mode , the current flow 
necting the potentiostat cell cable working electrode lead between the working and the counter electrode is controlled . 
606 to the electrode of the working electrode cell device 50 The potential difference between the reference and working 
500 , and the potentiostat counter electrode cable lead 608 electrode and the current flowing between the counter and 
and reference electrode cable lead 610 to the counter 208 working electrode are continuously monitored . In most 
and reference 210 electrodes of the counter electrode cell cases , the potentiostatic mode is preferred . For most prod 
device 200 , a 3 - electrode configuration is formed as shown ucts , under investigation , the open circuit potential is stable . 
in FIG . 6. Using two electrochemical cell devices results in 55 Maintaining the same potential during the measurement 
a current path 612 that flows from the counter electrode 208 , therefore does not deviate strongly from the operating 
through the counter electrode cell device 200 electrolyte situation of the substrate . For these substrates the potentio 
206 , through the counter electrode cell device 200 body 602 , static mode therefore yields the best results . 
through the coating 250 to the substrate 226 and then The impedance response of a system during a potential 
through the working electrode cell device 500 body 604 , 60 scan is generally linear . The response depends on the range 
through the working electrode cell device 500 electrolyte of potentials . Extremely small values can produce poor 
206 to the working electrode 502 . signal to noise ratio and hence noisy data . Extremely large 

The two cell device setup can be used to conduct EIS for values can cause non - linearity of the impedance response . 
measuring the condition of coating 250 to which the two cell The normal range is between 1-30 mV , for most electro 
devices 500 , 200 have been attached . In the case of a coated 65 chemical systems . In this example , 20 mV is used . 
metal in contact with the electrolyte 206 through the elec- The user can validate the linear response by performing 
trochemical cell device , the coating capacitance is : same experiment at different potential ranges . 
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The measurement time is a function of frequency range . 5. The apparatus of claim 1 , wherein the apparatus further 
Extremely small frequencies result in larger measurement comprises an electrolyte contained by the cavity ; a poten 
time . For systems which change over the period of time for tiostat or a galvanostat electrically connected to the first 
example corrosion film formation keeping a smaller fre- electrode ; and an electrical connector arranged to be elec 
quency range ensures minimal change in the system during 5 trically connected to the object . 
data collection . An electrochemical impedance measure 6. The apparatus of claim 1 , wherein the body comprises 
ment can for instance be started at a frequency of about 1 at least one magnet arranged to , in use , apply a magnetic 
kHz and can continue till 1 MHz which can take up to 2 force to the object and thereby to attach the body to the minutes . For the case of degraded coatings , which do not object . require high frequencies , the measurement can start from 10 
0.001 Hz or even below . For good - quality measurements , 7. The apparatus of claim 5 , wherein the substantially 
each experiment can be conducted over a large frequency electrically conductive body is a permanent magnet . 
range , for example from 0.001 Hz to 1 MHz . 8. The apparatus of claim 1 , wherein the apparatus further 

The data for measured impedances can be fitted with an comprises a substantially electrically conductive overlay on 
equivalent circuit . Each component of the circuit represents 15 at least a portion of the first surface , the substantially 
a physical behaviour in the system . For example , a resistor electrically conductive overlay arranged to conduct , in use , 
represents the resistance offered by the electrolyte 206 while electricity between the first surface and the object . 
a capacitor represents the capacitance of a coating 250. With 9. The apparatus of claim 8 , wherein the overlay is 
the degradation of a coating 250 , the equivalent circuit arranged on a second portion of the second part that is not 
expands due to initiation of new processes . The fitting of an 20 radially within the first part when the second part is in the 
equivalent circuit helps to understand the physical processes first position . 
in the degradation of the coating 250 . 10. The apparatus of claim 8 , wherein the overlay is 

The feature of the electrochemical cell device 200 that it arranged to be in a first state when the second part is in the 
can be extended makes it possible to perform detection on a first position and in a second state when the second part is 
large surface area of coating 250 ( up to 16800 mm in the 25 in the second position , wherein the second state is extended 
present example ) . Conventional electrochemical cell relative to the first state . 
devices , by contrast , are in general able to perform detection 11. The apparatus of claim 10 , wherein the overlay is a over only few square mm ( up to around 5000 mm ? for some mesh , folded material or coil that is arranged to be extended devices ) . Accordingly , the apparatus and system of the or compressed or both . present disclosure can be used for analysing large structures 30 
such as automotive , bridges , pipelines , ship hulls , pressure 12. An apparatus according to claim 1 , wherein substan 

tially all of the body is substantially electrically conductive . tanks , ballast tanks and flood gates . 
hus , the above description discloses apparatuses and 13. An apparatus according to claim 1 , wherein the body 

systems for use in sensing electrochemical change in an comprises first and second pipes in fluid communication 
object , as well as ways in which to put these apparatuses and 35 with the cavity , the first pipe arranged to be used to introduce 
systems into effect . electrolyte into the cavity , the second pipe arranged to allow 

The invention claimed is : air to escape from the cavity . 
1. An apparatus for use in sensing electrochemical change 14. The apparatus according to claim 13 , wherein the first 

in an object , the apparatus comprising : pipe extends further into the cavity than the second pipe . 
a substantially electrically conductive body defining a 40 15. A system for use in sensing electrochemical change in 

cavity for containing an electrolyte , the body having a an object , the system comprising : 
first surface arranged to be , in use , in electrically ( i ) a first apparatus for use in sensing electrochemical 
conductive contact with the object along substantially change in an object , the first apparatus comprising : 
the whole of a length of the first surface and arranged a substantially electrically conductive body defining a 
physically to isolate , in use , the electrolyte from the 45 cavity for containing an electrolyte , the body having a 
object ; and first surface arranged to be , in use , in electrically 

at least a first electrode at least partially within the cavity , conductive contact with the object along substantially 
the first electrode for connection to a potentiostat or a the whole of a length of the first surface and arranged 
galvanostat and arranged to be , in use , in electrical physically to isolate , in use , the electrolyte from the 
contact with the electrolyte in the cavity ; object ; and 

wherein the electrically conductive body comprises at at least a counter electrode at least partially within the 
least a first part and a second part , the second part cavity , the counter electrode for connection to a poten 
slideably movable relative to the first part from a first , tiostat or a galvanostat and arranged to be , in use , in 
retracted , position to a second , extended , position , such electrical contact with the electrolyte in the cavity ; 
that the length of the first surface is greater when the 55 wherein the electrically conductive body comprises at 
second part is in the second position than when the least a first part and a second part , the second part 
second part is in the first position . slideably movable relative to the first part from a first , 

2. The apparatus of claim 1 , wherein the first and second retracted , position to a second , extended , position , such 
parts are substantially tubular and are arranged such that at that the length of the first surface is greater when the 
least a first portion of one of the parts is radially within the 60 second part is in the second position than when the 
other part when the second part is in the first position . second part is in the first position ; and 

3. The apparatus of claim 1 , wherein the body is arranged ( ii ) a second apparatus for use in sensing electrochemical 
to retain electrolyte at substantially any orientation of the change in an object , the second apparatus comprising : 
body . a substantially electrically conductive body defining a 

4. The apparatus of claim 2 , wherein each of the first and 65 cavity for containing an electrolyte , the body having a 
second parts comprises an end that is distal from the other first surface arranged to be , in use , in electrically 
part and that is substantially closed . conductive contact with the object along substantially 
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the whole of a length of the first surface and arranged 
physically to isolate , in use , the electrolyte from the 
object ; and 

at least a working electrode at least partially within the 
cavity , the working electrode for connection to a poten- 5 
tiostat or a galvanostat and arranged to be , in use , in 
electrical contact with the electrolyte in the cavity ; 

wherein the electrically conductive body comprises at 
least a first part and a second part , the second part 
slideably movable relative to the first part from a first , 10 
retracted , position to a second , extended , position , such 
that the length of the first surface is greater when the 
second part is in the second position than when the 
second part is in the first position . 
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