ELECTRbCHENICAL SENSCR 1. Field of the Invention This inventi reLfges
to instrunents for sensing the characteristics of a fluid,
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particularly to electrochem cal sensors and particularly, b not
exclusively, to reference cells used in pH ORP, or other specific ion
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electrolyte provides the conductive, i.e., salt, bridge to

the specimen fluid and surrounds the reference element with

an electrochemicaily stable environment. The region where

the electrolyte meets the specimen fluid is called the

liquid junction and usually takes the form of a porous
20 material.

The ideal liquid junction would provide electrolytic
contact between the reference element and specimen fluid
while preventing any mixing of the specimen fluid with this
electrolyte. In practice, mixing is usually unavoidable and
can cause undesirable effects. Thus, the liquid junction
is typically the weakest point of a reference cell design.

Current liquid junction designs employ various porous
material such as wood, Teflonm, ceramic frits, wicks,
ground glass joints, or even just a small hole. These

30 junctions either separate the specimen fluid from a
reservoir of electrolyte containing the reference element
or are saturated with the electrolyte fluid and house the
reference element in a 1location far removed from the
specimen fluid.

A common problem with liquid junctions is maintaining
a conductive path between the specimen fluid and the
reference element. Liquid junctions with small openings can
easily be plugged by solids contained within the specimen



specimen fluid. A conmmon problemw th liquid junctions is maintaining a
conductive path between the specinen fluid and the reference el enent.
Liquid junctions with small openings can easily be plugged by solids
contained within the specinmen 2 fluid or by crystallization of the

specinmen fluid with the electrolyte through sone type of chem cal
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possesses a very high density of electrically conductive
salt links to the specimen fluid via the capillary structure
of the wood or ceramic plug.

Another common difficulty with reference cell designs
is isolating the reference element from the specimen fluid.
As the specimen fluid penetrates into the liquid junction
and electrolyte reservoir, the electrolyte concentration
decreases and will eventually cause the potential produced
by the reference cell to drift. With time, the potential
will reach levels too large for calibration methods. If the
specimen fluid reaches the reference element, poisoning of
this element can occur, causing the reference potential to
become unstable. Since these are undesirable effects, the
design of the reference cell should nminimize or eliminate
the exchange of electrolyte with specimen fluid.

In U.S. Patent No. Re. 31,333 ("the '333 Patent") to
Barben, he discloses the use of multiple plugs of
semipermeable material, such as wood, with longitudinal
capillaries extending from one end of the plug to the other.
These plugs are linked through a series of smaller plugs.
The '333 Patent teaches that an epoxy resin or other
adhesive sealant should be used to seal the abutting end
surfaces of the large plugs prior to assembly of the
reference cell described therein, According to the '333
Patent this use of the sealant causes the ion transfer path



design of the reference cell should mnimze or elimnate the exchange of
electrolyte with specinen fluid. In U S. Patent No. Re. 31,333 ("the '333
Patent") to Barben, he discloses the use of nultiple plugs of sem perneabl e
material, such as wood, with longitudinal 30 capillaries extending from
one end of the plug to the other. These plugs are |linked through a series
of smaller plugs. The '333 Patent teaches that an epoxy resin or other
adhesi ve seal ant shoul d be used to seal the abutting end surfaces of the
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teaches that the combination of large and small plugs and
sealant provides a circuitous path for ion transfer.

According to the '333 Patent, after the large and small

plugs are assembled, placed in a cylindrical container along
with a central glass electrode and the sealant has cured,

the entire structure is immersed in a bath containing the

reference cell electrolyte or salt bridge solution until the

wood is thoroughly impregnated with this solution throughout

20 the entire length of the container. The '333 Patent teaches

that the absorption of the salt bridge solution into the

reference cell structure causes swelling of the large and

small wood plugs. This swelling causes the wood to expand

in the transverse direction which causes the plugs to

tightly press against one another, the central glass

electrode and the inside of the rigid cylindrical container

used to house the cell. While not expressly stated in the

'333 Patent, this swelling of the wood would lead one

skilled in the art to presume that there would be very

30 1little if any ion transfer in that part of each plug
adjacent to the glass electrode and cylindrical container.

In practicing the invention taught in the '333 Patent,

epoxy has also been used to seal the outside surface of each

of the large plugs. It was believed that using the epoxy

on the outside surface would further ensure that there would



reference cell electrolyte or salt bridge solution until the wood is
thoroughly inpregnated with this solution throughout 20 the entire |length
of the container. The '333 Patent teaches that the absorption of the salt
bridge solution into the reference cell structure causes swelling of the

| arge and smal|l wood plugs. This swelling causes the wood to expand in the
transverse direction which causes the plugg to tightly press agai nst one
anot her, the central glass electrode and the inside of the rigid
cylindrical conitailberangedoho tiransferhaleeld .a Watle thbhtroaghr ehel youdisdiiged i n
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involved in the reference cell reaction (e.g., silver), an
insoluble sulfide salt forms and precipitates out of
solution. Since maintaining a constant reference cell
potential relies on the equilibrium established between the
metal and metal ions in the reference cell (i.e., the
reference cell reaction), the irreversible reaction with
sulfide ions depletes all of the available metal ions.
20 Without any appreciable metal ions, the reference cell will
not be well behaved and will render the sensor useless.
Reference ‘poisons’ like sulfides can only be controlled by
preventing or restricting these ions from making direct
contact with the reference element.

While a reference cell constructed in accordance with
the teachings of the '333 Patent has been found to have a
longer 1life than other Xknown reference cells, sealing
weaknesses with the region between the glass electrode,
cylindrical container, and adjoining surface of the large

30 wood plugs have been observed using a dye solution.

Poor sealing against the glass electrode relates to the
manufacturability of the device. Since the swelling of the
wood plugs within the reference cell is highly
unpredictable, ensuring a reliable and reproducible seal
between the glass electrode and wood plugs is quite
difficult. If inadequate spacing is used between these



cell structure and cone in contact with the nmetal ions involved in the
reference cell reaction (e.g., silver), an insoluble sulfide salt forns and
preci pitates out of solution. Since mai ntaining a constant reference cel
potential relies on the equilibriumestablished between the netal and netal
ions in the reference cell (i.e., the reference cell reaction), the
irreversible reaction with sulfide ions degletes all of the available netal
ions. 20 Wthout any appreciable netal ions, the reference cell will not
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occurs with the seali n area between_the wo
sensor 1li e in most appllcatlons, a reference cell that has

an increased life when used in the monitoring of process
streams where sulfides are present is desirable.
Additionally, most measurement cells (i.e.,
eléctrodes) have a tubular, glass construction. The
compressive loading resulting from the swelling of the large
wood plugs would in theory be evenly distributed over the
circular structure of the tubular glass electrode. Since
20 most glass materials possess very good compressive strength
it would then be expected that the electrode could handle
such compressive loading. Unfortunately, the swelling is
not uniform from plug to plug or from side to side on a sole
plug. Thus, the 1loads placed on the glass electrode
typically are in the form of both compressive and shear.
Such loading may cause breakage of the glass electrode
when a sensor that uses porous material in its 1liquid
junction design is placed into service in process streams
having elevated temperatures, pressures and/or containing
30 harsh chemicals. Examples of such sensors are those shown
in the '333 Patent and also in U.S. Patent No. 5,147,524
("the '524 Patent") and U.S. Patent No. 5,346,606 ("the '606
Patent'). The heat, pressure and/or chemicals may cause the
porous material to expand and fracture the glass electrode.
Therefore, it is desiréble to strengthen the sensor to
thereby eliminate this cause of glass electrode fracture and
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The device also has a series of impermeable plugs.
Each of the impermeable plugs are associated with a pair of
adjoining transverse end surfaces of the first series of
plugs and are interposed therebetween. A plug in the second
series of plugs passes through each of the impermeable plugs
to thereby provide an ion path between the adjoining
transverse end surfaces.

The present invention is alsc embodied as a device for
use in connection with measuring ionic properties in a
specimen fluid that has a salt bridge wherein the first
longitudinal series of semipermeable plugs has at least two
plugs and the second longitudinal series of semipermeable
plugs has at least one plug. The first and second series
of plugs are disposed in a longitudinally overlapping
relationship with an interlocking fit. The device also
includes a series of impermeable plugs having at least one
plug associated with adjoining transverse end surfaces of
the at least two plugs in the first series and is interposed
therebetween. The at least one plug in the second series
passes through the at least one impermeable plug to thereby
provide an ion path between the adjoining transverse end

surfaces.
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6 thus allow a sensing device to be provided having a consistent quality
and performance. Aspects of the present invention are set out in clainms 1,
8, 9, 10 and 12. The present invention is enbodied in a device for use in
connection with neasuring ionic properties in a specinen fluid. The device
has a salt bridge which is made up of a first |ongitudinal series of

sem perneabl e plugs inpregnated with an eI?ctronte; and a second

| ongi tudi nal series of 10 sem perneable plugs inpregnated with an
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passes through the impermeable plug to thereby provide an
ion path between the adjoining transverse end surfaces.

The present invention is also embodied as an
electrochemical sensor. The sensor has a reference
electrode; a sensing electrode; a rigid liner; and a salt
bridge. The salt bridge has a plug made of semipermeable
material saturated with an electrolyte. The plug has a
central axial bore for holding the rigid liner therein. The

20 rigid liner has a central axial bore for holding the sensing
electrode therein.

The present invention is also further embodied as an
electrochemical sensor. The sensor has a semipermeable plug
impregnated with an electrolyte. The plug has a central
bore and axially separated first and second ends and
functions as a salt bridge. The sensor further has a rigid
liner in the axial bore; a sensing electrode positioned at
the first end and adapted to contact a specimen fluid; and
a reference electrode positioned at the second end.

30 The invention will now be described by way of example
with reference to the accompanying drawings, throughout
which like parts are referred to by like references, and of
which a brief description follows:

Fig. 1 shows a cross sectional view of a sensor
embodied in accordance with one aspect of the present

invention.



the at least two plugs in the first series and is interposed therebetween.
The at | east one plug in the second series passes through the at | east one
i npermeabl e plug to thereby provide an ion path between the adjoining
transverse end surfaces. 7 The present invention is further enbodied as
a device for use in connection with neasuring ionic properties in a
specinmen fluid that has a salt bridge. Thegsalt bridge has first and
second | ongi t udi nal sem perneabl e plugs inpregnated with an
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invention. For ease of description, the embodiment of the
sensor shown in Fig. 1 will be referred to hereinafter as
a "sensor." The sensor may be used for measuring pH, ORP
or specific ions in a specimen fluid (not shown).

As shown, the sensor 10 includes a housing 12 which is
preferably cylindrically shaped. Typically, housing 12 is
formed with high density polyvinyldiene fluoride plastic or
other material that has the desired structural rigidity and

20 is inert or otherwise chemically compatible with the
specimen fluid. The housing 12 has a first end 14, and the
bulb 16 of a conventional glass sensing electrode 18
protrudes from the first end 14 to contact the specinen
fluid for measuring, for example, the pH of the specimen
fluid.

Fig. 1 also shows that the housing 12 has a second end
20, and that a coupling sleeve (not shown) and the O-ring
glands 22, can be used to seal the second end 20 from the
specimen sample, and that this coupling sleeve provides for

30 the necessary engagement with a complementary fitting (not
shown) on a pipe, tank, or other vessel that holds the
specimen fluid. As is well known, electrical leads (not
shown) are attached to the glass sensing electrode 18 and
reference electrode 32 and extend outwardly from the second
end 20. The electrical leads are for attachment to a
suitable device, for example, a pH meter, which can process



bore and axially separated first and second ends and functions as a salt

bri dge. The sensor further has a rigid liner in the axial bore; a sensing
el ectrode positioned at the first end and adapted to contact a speci nen
fluid; and a reference el ectrode positioned at the second end. 30 The
invention will now be described by way of exanple with reference to the
acconpanyi ng draw ngs, throughout which Iike parts are referred to by like
ref erences, and of which a brief description follows: Fig. 1 shows a cross
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housi ng 120|sembod1ment illustrated, the first series consists of four

thick walled hollow cylindrical or annular shaped larger

plugs 24 that fit snugly within the housing 12. Each of the

plugs 24 have a central bore 26 that slidably receives the

axially disposed glass electrode 18 at the center of the

housing. Each of the adjoining surfaces 24a of plugs 24

also has a single longitudinally extending side aperture 28

axially displaced on one side of the central bore 26. The
aperture 28 only extends about halfway through each plug.

The second series of plugs are the three solid

20 cylinders 30 that are slidably insertable into the side

apertures 28 of adjacent pairs of the plugs 24. The plugs

30 have approximately the same longitudinal dimensions as

the plugs 24 for insertion midway into the side apertures

28 thus overlapping the longitudinal extent of adjacent

pairs of plugs 24. Only one plug 30 is used between each

adjacent pair of plugs 24 with successive ones on alternate

sides of the central bore 26.

The sensor includes a reference electrode or element

32 that has an electrical lead 34 which accompanies the

30 electrical lead of the sensing glass electrode 18. The plug

24 closest to second end 20 may include a cavity 36 for

receiving the reference element 32. The reference electrode

32 is typically a conventional silver-silver chloride or
calomel type electrode. The plugs 24 and 30 are saturated,

that is, impregnated, with an appropriate electrolyte such

as a saturated salt solution. This saturation allows



formed wth high density polyvinyldiene fluoride plastic or other materi al
that has the desired structural rigidity and 20 is inert or otherw se
chemcally conpatible wth the specinmen fluid. The housing 12 has a
first end 14, and the bulb 16 of a conventional glass sensing el ectrode 18
protrudes fromthe first end 14 to contact the specinen fluid for

measuring, for exanple, the pH of the spegigren fluid. Fig. 1 also shows

that the housing 12 has a second end 20, and that a coupling sleeve (not
shown) and t heXedtrir4l awmuddcatddnbtoUseddtaridahddnehs60gAdtied G 12y« rom

t he speci nen gﬁpple, apgd that this, coupli sl eeve prqvi des % r 30, the
necessary engagems,‘rx?td wir’]ﬂh %eaft%ef%T eﬁg‘ﬁt a]F?P%???%g e(lne& rﬁ%g%m 9onaléldpi £
tank, or ot herspesiednt faniflolids vhickpébiendraih uird. o5 thewsdasmment

el ectrical | eadsdiyas s afmatdaghed to the glass sensing el ectrode 18
and reference el ectrode 32 and extend out wardI%Ffromthe second end 20.

The el ectrical |eads SORPIGISR t AEnHRAL ' 833 aPatPhhpMd the Fhce Ao i8R e,
a pH neter, whildveaT ghec€éfisor &f ithe: presantgtneeatednbyot @ staskis ahatd

and i ndi cate the of .the specinmen _fluid. As,is.alsp well kn t he
S acond a0 e Hdstriatl AP SBpTRNa at: SsraRt 1anly Hettrs indl il SeMion ne
type of envir chuem st $pheciB38 dratdnts. d&hiere. afbed phf ¢¥ emces thditwedre the

seal between t%\%tﬁ%éé&@ibéf?ﬂ?’tﬂgahﬂx PULLAP §§da{2ﬂﬁh8%§:%:8%gﬁ itﬁ% 'S

al so shown in Fig , two over apglng series of Interlocking p 1 the
interior &P tmRrefan: AGVERtI@Y-ouRErng*anelel okl e EeRRr dEscribed fge

specific 10 erdrli mest iPaltentr adsh éhe thiel Starpurt ep1698Shales Hf phour of
longitudinally extending side apertures completely
therethrough while the sensor described herein has the
longitudinally extending apertures 28 only partway through
the plug 24. The '333 Patent describes and shows a set of
cylindrical plugs which are about twice as long as the plugs
30 described herein.

There are additional and more significant differences

between the sensor described in the '333 Patent and the

20 sensor of the present invention. As was previously
described herein, the !'333 Patent teaches that an epoxy
resin or other adhesive sealant should be used to seal the
abutting end surfaces of the plugs 24 prior to assembly of
the sensor. As was further previously described herein, the
'333 Patent teaches that the sealant fills the intervening
spaces within the side apertures 28 to seal off the fluid
path between successive smaller plugs 30 on each side of the
larger plugs 24. As was also previously described herein,
in practicing the invention taught in the '333 Patent, epoxy

30 has also been used to seal the outside surface of each of
the large plugs 24.

Referring once again to Fig. 1, it can be seen that in
the sensor of the present invention adjacent end surfaces
of the plugs 24 are separated from each other by a "button"
38 fabricated from an impermeable material. The second end
20 of the sensor is sealed by a button 38. Each button 38



thick walled hollow cylindrical or annular shaped | arger plugs 24 that fit
snugly within the housing 12. Each of the plugs 24 have a central bore 26
that slidably receives the axially disposed glass electrode 18 at the
center of the housing. Each of the adjoining surfaces 24a of plugs 24 also
has a single longitudinally extending side aperture 28 axially displaced on
one side of the central bore 26. The apertyye 28 only extends about halfway
t hrough each plug. The second series of plugs are the three solid 20

cylinders 30 ti{aé1@d8s ShigablkYof NS&H 1AL 14 Grdtersd UshSPAT Ly &sh 28h Odn
adj acent pairs_of.the §Iugs 24. .The %Iugs 30 have a%ﬁrOX|naLeE% t he sane

| ongi t udi nal dPERRY ohEPEsSERAE FUBEOYANEE: 2PRIBRE SREPRRE 1N F t hePtl de
apertures 28 tdfistheerbwpmmg B88e havegid udentkradxtbente odsadifacendl pdalb by of
plugs 24. Only. : [ d h ' ' I 4
W th successi vxé&g%legi%% %Q‘ta_e@ﬁ%%% %?%e%ﬁ%{b ?ﬁéé' cgﬂ*%l’ %‘%Agé.&;ﬁ%eﬁ%%n%or
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18. The plug 24 closest to second end 20 nmay 1 nclude a cavity 36 for
recei ving the $EFETENC® enent 32. The reference el ectrode 32 is typically

a conventional silVveliesthvee butbondessr whakthneephypteelttet ratimcelite gidigs

24 and 30 are d, et [ Lapr.egn , n iate. s
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16 of the neasurenment ) .. .
channel 42 provides limited clearance of the associated plug
30 so that the squeeze created from the semicircular
protrusions 40 and 40a causes channel 42 to tightly squeeze
against the associated plug 30. The button 38 which seals
the second end 20 does not include channel 42 but does
include a single longitudinally extending side channel 44
completely therethrough for receiving the electrical lead
34 of the reference electrode 32. In one embodiment of the
20 present invention, the impermeable material used to
fabricate the buttons 38 is VITON® rubber which is available
from E. I. Du Pont De Neumors & Co.
In order to determine if a sensor embodied as shown in
Fig. 1 would have a longer life than a sensor constructed
in accordance with the teaching of the '333 Patent, the two
sensors were tested at the same time and identically. Using
an apparatus that cyclically applies air pressure to the
center opening of a piping tee filled with an ink solution,
sensor life can be inferred by comparing the penetration of
30 the ink solution into each sensor over a period of a few
days. At the end of each test, both sensors including
wooden plugs were longitudinally cut open.
Referring now to Figs. 2a and 2b, there is shown in
Fig. 2a a cross sectional view of a sensor 50 constructed
in accordance with the teachings of the '333 Patent at the
end of the ink test and in Fig. 2b a cross sectional view



el ectrode 18 is imersed. A conparison of the '333 Patent with the
description above of the sensor of the present invention would show that

t he description above al so essentially describes the sensor shown in the
*333 Patent. There are differences between the sensor described in the '333
Patent and the sensor of the 10 present invention. For exanple, in the
sensor described in the '333 Patent each of,the larger plugs has a pair of

| ongi tudi nal |y ext endi ng si de apertures conpl etely therethrough

whil e the seHS@f tles sk ey elHbdinsd e d. Oﬂghtl!é@l aal tMeC&h&NGE Nthe ink
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di fferences be{MEQQEA 1 5§0§h9ﬁ3fﬁége§4'§héh§ 333 Patent and the 20
nven

sensor of the presen previ ously described herein,
the ' 333 Patent tedhedan e s@eregaexFidesia ofhet hek sEatesen s atugs
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sensor of the present invention adjacent _end surfaces of the plugs 24 are
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button 38 Additionally, a great deal of staining was apparent in the
regions between the epoxy and the adjoining surfaces 24a of
the large wood plugs 24. Apparently the swelling of the
plugs during impregnation by the salt solution caused the

epoxy on the outside surfaces to crack and/or delaminate.
As can be seen in Fig. 2b, the ink stains in sensor 10
20 showed a uniformed progression leading from the specimen
fluid contact point through each of the large and small
plugs 24 and 30. Staining showed complete saturation of
each large plug 24 before any appreciable staining was
observed in the next adjacent large plug 24. Thus, the ink
stains in the sensor 10 of the present invention and the
sensor 50 of the '333 Patent prove that if the '333 Patent
sensor or its modified form (i.e., with elastomeric sealant)
had been used in a sulfide application its reference cell
would have been poisoned much sooner than the reference cell

30 of the sensor 10.

As previously described herein, inadequate clearances
between the cylindrical housing 12 and glass electrode 18
of the sensor 10 or the sensor 50 or even sensors embodied
in accordance with the teachings of the '524, 525 and '606
Patents can give rise to either a sensor with a broken glass
electrode or a sensor with inadequate sealing and shortened



I ncludes a pair of semcircular protrusions 40 by which an Oring type seal
I s provided agai nst the housing 12. Al of the buttons 38 have a central
bore 38a for slidably receiving the glass electrode 18. This central bore
has a pair of sem circular protrusions 40a simlar to protrusions 40 to

t hereby provide an Oring type seal with the glass electrode 18. The three
buttons 38 which separate the adjacent endjpurfaces of the plugs 24 each
further include a single 10 longitudinally extending side channel 42

conpl etely theretdr OUgihfféj:rrll‘r@:exhwn@ot freiga.SS:@s:i ghegepl ity SRownha Stfiess
channel 42 provides I| ara ' 30 so that the
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30 the ink solutlon i nto each sensor .qover a period of a_few

diameter as compared to their diameter 1in the sensor shown
in Fig. 1 in order to accommodate liner 60. In addition and
as is shown in Fig. 3, the portion of the plug 24 which is
closest to end 14 must have a step 25 therein which is
complementary to portion 62. The rigid liner 60 has a
groove 68 which is used to accommodate a snap ring 70. The
snap ring 70 retains the assembly made up of plugs 24, 30,
buttons 38, liner 60 and O-rings 66. This allows the glass

20 electrode 18 to be inserted into that assembly just prior
to shipment of the sensor 10.

It should be appreciated that the use of rigid liner
60 around glass electrode 18 minimizes the clearances
between the large wood plugs 24, cylindrical housing 12, and
cylindrical liner 60 without any concern that the glass
electrode will be fractured after impregnation of the
sensor. The smaller clearances will greatly enhance sealing
between the cylindrical housing and the rigid liner and also
give rise to a consistent quality and performance of the

30 sensor 10.

In one embodiment for the sensor shown in Fig. 3, the
rigid liner 60 was constructed from either stainless steel
or titanium. The rigid liner may, however, be constructed
from any material that can withstand the shear stresses that
may result when the sensor is impregnated and later placed
into service in process streams having elevated



days. - At the end of each test, both sensors including wooden pl ugs were

l ongitudinally cut open. Referring nowto Figs. 2a and 2b, there is shown
in Fig. 2a a cross sectional view of a sensor 50 constructed in accordance
with the teachings of the '333 Patent at the end of the ink test and in
Fig. 2b a cross sectional view 12 of the sensor 10 shown in Fig. 1 also
at the end of the ink test. The results of{4he ink test for both sensors is
shown in Figs. 2a and 2b by the dark shading, which represents the ink
stains, on thec@hp&badrad( BlesdarédNak@/ &£ lohta fhing Aarshechaki&iasns
on the plugs 24 in_.the, sensor. 50,, and a var“g%%%g_gﬂot igowgg of tge sepsor
50 wherein an 2P a8H¥ARFRESS 8L A th & PheEMBFreYe ripteria
structure, shofed that limer onstriansthospatdppldscadiitdner winitche rieggiide o0&
each plug 24 J t 10+,.0 ode 184l i e or
on the outsi dggdéur g‘é‘é %&gg%'h %Pulg;agﬁ %}fg%?ent t%éttﬁlga ﬁ%gg:ﬁﬁgﬁaﬁ éééﬁy
12/ el ast oner i cPeepranided pyk cangianting & apteat (At Fhowadt £8 Wi t$oAPS52
of the referenggngetrd.for sensor 50. Additionally, a great deal of staining

was apparent in the regi ons between the epox nd the, adj oi.nj ng_surfaces
24a of the large mb%ﬁ“%?u@é Bas bagn FRQY ylg}éb% |3 g Wéktﬁﬁdglth
during i npregnaensor byot b€ Fdld. sbl ut Tbnshauldd] hwespryy ken dppreocistdsd

surfaces to Cr@t%-l%%oiiﬂ& .gaE§.Sf) ecggeﬁeﬁ%%“ée%s%&-gasoz%g tﬁfgi ks
stains in sensor 10 showe unitormed progression | eading fronthe
speci men f-Llou! d?%cﬁfﬂiécqtl"rﬁﬁ' rﬁYR%ﬂﬁJ@?%hﬁbﬂcphﬁsﬁﬁr YePereus mateplalsing
and 30. Stai g BIQuEd FONBLESE SAd Uiad | &N eleSBEdad et Rhayg Bladelisse
any appreci abl e étal |n§ was

under shear stresses.

It is to be understood that the description of the
preferred embodiment(s) is (are) intended to be only
illustrative, rather than exhaustive, of the present
invention. Those of ordinary skill will be able to make
certain additions, deletions, and/or modifications to the
embodiment(s) of the disclosed subject matter without
departing from the spirit of the invention or its scope, as

20 defined by the appended clainms.



observed. i n the next. .adjacent |arge plug 24. Thus, the ink stains in the
sensor 10 of the present invention and the sensor 50 of the '333 Patent

prove L@ﬂlluluuuimuumsmuﬁat ent sensor or its nodified form(i.e., with

el ast o been used in a | fide application its reference
cel | woul'd have Beer pdi soned nuch sooner’ than the reference cell 30 of
the sensor 10. As previously described herein, inadequate cl earances
between the cylindrical housing 12 anEMRME el ectrode 18 of the sensor 10
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impermeable plugs associated with a pair of adjoining

transverse end surfaces of said first series of semipermeable
plugs and interposed therebetween, a semipermeable plug in
said second series of plugs passing through each of said
impermeable plugs to thereby provide an ion path between said
adjoining transverse end surfaces.

2. The device of Claim 1 further comprising a sensing
electrode and wherein each of said semipermeable plugs in said
first series of plugs and each of said impermeable plugs has a
central bore for slidably receiving said sensing electrode.

3. The device of Claim 2 wherein each of said impermeable
plugs had means for providing a seal with said sensing
electrode.

4, The device of Claim 2 further comprising a housing for
receiving said salt bridge, said series of impermeable plugs
and said sensing electrode.

5. The device of Claim 4 wherein each of said impermeable
plugs has means for providing a seal with said housing.

6. The device of Claim 5 wherein each of said impermeable
plugs has means for providing a seal with said sensing -
electrode.



groove 68 which is used to accommodate a snap ring 70. The snap ring 70

r et ai nsmnmmllfm&“m)lmne up of plugs 24, 30, buttons 38, liner 60 and
O rings ¢ BRGNS the glass 20 electrode 18 to be inserted into that

assenbl y *j uSt prior to shiprment of the gggsor 10. It shoul d be appreciated
that the use of rigid liner 60 around glass el ectrode 18 m nim zes the
cl ear anced.bet BeendekdckarfieChatd DI figstidely eonpmidringpla hrgdidng ib2r,and
cylindrical ki ' u 1 §ONGHRS fﬁggﬁt el r i1l be
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greatly efR&AEE 9EaPiRgSbEOTekAldiRg SAihdridd Haedingnshéaile rigddd | i ner
and al so giMer'h&§9ihg a EERELSL SPérélUBd thoRNIhP i BN ndf cket38de
sensor 10, In one enbodi nent for the sensor shown in Fig. 3, the rigid
liner 60 WASTEdAstructed fromeither stainless steel or titanium The rigid
| i ner may, however, be constructed fromany material that can withstand the
shear strgsses tEat.nay result when the sensar..i.s igﬁg%gpated and | ater
Vires® 8

pl aced into ée f?ﬁ uﬁ?o%%s%onn?ﬁFﬁﬁﬂﬁyltquﬂﬁ &1 &VEH&d 14
t enper at upespeptiesuirsaaspécimennt kiid ngihiats lcampaiisesl:s. An advant age of

using an e'eCtQh?ahl¥a§€”HEEHg¥ec8ﬁ§fiéfﬂ for the liner is in those
applications wiich require a Solution gr&ind. I n such applications the
ground can easitkyab&ippbviaeaibydinpheterifp i sanipesmeshdwn Plugst he snap
ring 70. hh$ehg6Qthasabeetwshoigs NipEegrntidl GAMN Rat e ctirbh ysensandlo of
Fig. 1. It should, however e,aggrec ated, that_the |iner gﬁy al.so be used
with sensor 501t Bj §SCORB longitudinal series of semipermeable plugs

having at least one plug impregnated with an electrolyte;
said first and said second series of semipermeable plugs

disposed in a longitudinally overlapping relationship with an
interlocking fit; and

(b) a series of impermeable plugs having at least one
plug associated with adjoining transverse end surfaces of said
at least two plugs in said first series of plugs and
interposed therebetween, said at least one plug in said second
series of plugs passing through said at least one impermeable
plug to thereby provide an ion path between said adjoining
transverse end surfaces.

9. A device for use in connection with measuring ionic
properties in a specimen fluid, which comprises:

(a) a salt bridge comprising:

i, first and second longitudinal semipermeable plugs
impregnated with an electrolyte; and

ii. a third longitudinal semipermeable plug impregnated
with an electrolyte;
said first, second and third semipermeable plugs disposed in a
longitudinally overlapping relationship with an interlocking
fit; and

(b) an impermeable plug interposed between adijoining
transverse end surfaces of said first and second semipermeable
plugs, said third semipermeable plug passing through said
impermeable plug to thereby provide an ion path between said



10 or a e of sensor which uses a porous material inits liquid
junctio MM@&M trode that may fracture under shear stresses. It is
to be u e description of the preferred enbodinent(s) is
(are) intended to be onIy illustrative, ther t han exhaustive, of the
present invention. Those of ordinary sk&ll will be able to make certain
addi ti onsadgeliringnsransvénse nenkd f swiafaces. t o t he enbodi nents) of the

di scl osed subject matter without departing fromthe spirit of the invention
or its scope, as 20 defined by the appended cl ai ns. CLAI M5 1. A devi ce
for use i hOeonABcelBRtRPERCREGRLI RSB COMRTIFEMd’es i n a speci men fl ui d,

whi ch conprlseqa)(g)rgfgggﬁcgréI@@tf5agylS|ng i. a first |ongitudinal
series of senlg & Inﬁ? nated with an electrolyte; and ii. a
second | ongi t udPhaf §§FF §90?1§% ?é%neable pl ugs inpregnated with an

el ectrol yte; sacd &i psgidantlisergd sedond series of sem perneabl e pl ugs

di sposed in a I gLt a e e n.interlaocking
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transver sgegBéngueiagesodd. thedden devi ce of Cla|n11 further conprising a
sensi ng
11. The electrochemical sensor of Claim 10 wherein said plug
also has an impermeable barrier therein.

12. An electrochemical sensor, comprising:

(a) a semipermeable plug impregnated with an electrolyte,
said plug having a central axial bore and axially separated
first and second ends and functioning as a salt bridge;

(b) a rigid liner in said axial bore;

(c) a sensing electrode positioned at said first end and
adapted to contact a specimen fluid; and

{(d) a reference electrode positioned at said second end.

13. The electrochemical sensor of Claim 12 wherein said
semipermeable plug has an impermeable barrier therein.



electrode and wherein each of said sem perneable plugs in said first series
of plugs and each of said inpermeable plugs has a central bore for slidably
recei ving said sensing el ectrode. 3. The device of Claim2 wherein each
of said inperneable plugs had nmeans for providing a seal with said sensing
el ectrode. 4.  The device of Caim2 further conprising a housing for
receiving said salt bridge, said series of énperneable pl ugs and said
sensing el ectrode. 5. The devi ce of C|a|n14 wherein each of said

i nper meabl e pl ugs has neans for prOV|dy£5%?g§Qfl wi th said housing. 6.

The device of Caimb5 wherein each of sard inperneabl e plugs has neans for
providing a seal with said sensifg=ex ZMECAL SHNMSOR The devi ce of

Caim2 fulr3 It her conpai é!lé@‘gﬂ?éhéinﬁjcbl ngénsf&i\l dh@@@]ghalaxb%cﬁa Oimﬁé*i'lﬁleable
sem per neabl e S.1n I I rst, series p s Tor poldn I

liner, and sai ﬁi'ﬂ‘ggﬁi Jr’i’“ﬁ1 %@n’&eﬁ %%rht&é? %‘gfaec?lbtr 18 n‘gf sf;? %%%? ng
electrode therplugs8thatAadevmsed%mnlhh£|$abbnhemdgen WﬂhhlﬂaﬁthIEﬁQQHIC
properties in e oTyeal

conprising: i _é‘lé?l ?llsl %élt%gsd?ir/l\%? :EI‘:I es i errre % g&ﬁaw%

| east two pl ugkhe np*‘@gnétnwmﬁ%‘ﬂ)l@ @ll@& r‘éPyt'éheiﬁﬁHm |1n*ae§%<e@rhqc ne

longi tudi nal sgdj&SeRt BLFYEHIRGDH © Théldfartpey d;nm ﬁmta QEn Al bore
i mpr egnat ed mn%h an aid first a a| seco series of

electrolxﬁ $
seni per meabl e PPuigEeAFSHO8Bd-rf 9 Pﬁﬁg?ﬁﬁﬁ?n&l PReIMARIE p
Wi th an interlpkyg nhaéi protindsions to provide a better seal between the

impermeable plug and the glass sense electrode and the
impermeable plug and the housing in which the salt bridge
is inserted. In addition, the sensor may also include a
rigid liner between the large plugs and the glass sense
electrode to act as a barrier to prevent damage to this
sense electrode during and after impregnation.

FIG. 1



(b) a series of inperneable plugs having at
adj oi ning transverse end surfaces of said at |east two plugs

series of plugs and interposed therebetween, said at
second series of plugs passing through said at

| east one plug associated with

n said first

| east one plug in said
| east one i nperneabl e plug

to thereby provide an ion path between said adjoining transverse end

surfaces. 9. A device for use in connection wth neasuring

properties in a specinmen fluid, which agaprises:

oni c

(a) a salt bridge

conprising: i. first and second | ongitudi nal senigérneable p
I npregnated with an electrolyte; and ii. a third Kgngitudi na
plug i npregnated with an electrolyte; said first,\éecond and
sem perneabl e plugs disposed in a |longitudinally @yerl appi ng

s
gem per neabl e

with an interlocking fit; andg(b) an inperneaMea;QLm)interpo
adj oining transverse end supf®ces of said first aRd second se
pl ugs, said third sem pern¢abl e plug passing tmwah said inp
to thereby provide aﬁ~'- a betyween sai d 17\5djoining t
surfaces. 10. An el e¢lYochem cal [gnsor, conpri si Q: (a) are
el ectrode; (b) a sengi\hg electro 4 (c).,arigid I*qer; and (d
bri dge conprising a pNug nade of Kgm p abl e ﬂmirial sat ur
el ectrolyte, said pl iy having a cirtraL i al bore.for hol di n
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rigid liner having a central axial bore for holding said sensing el ectrode
therein. 11. The el ectrochem cal sensor of Caim 10 wherein said plug al so
has an inperneable barrier therein. 12. An el ectrochem cal sensor
conprising: (a) a sem perneable plug inpregnated with an electrolyte, said
plug having a central axial bore and axially separated first and second
ends and functioning as a salt bridge; (b) arigid liner in said axial
bore; (c) a sensing electrode positioned at said first end and adapted to
contact a specinen fluid; and (d) a reference el ectrode positioned at said
second end. 13. The el ectrochem cal sensor of Claim12 wherein said

sem per neabl e plug has an inperneable%ﬁ%rier t herei n.

Fig.2b
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