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FOR- PROCESSI NG WASTE SOLUTI ON 5 Fhis invention relates to a A\
compoynd el ectrode assenbly whi ch can achi eve a pH nmeasurenment and s
oxi dati on-reducti on potential neasurenent simnmultane- ously. In pr oiééi %39
wast e sol ution containing harnful 10 mat eri al such as cyani de or

hex®uval ent chromiumso that it becomes harmiess,. it is essential to carry

out a pH neasuCOMPOUNNELBCTROREtASSEMBLY ct AND MEBASURING DEVICR enent. |n
OVQ$L to make cyanide harm ess, in general the 15 following nethod is
enployed: whi | e WIfE JHE ASGEMBLY ROBBRGCESE INCoOWASTENSOMUATLN i n an

al kal i ne range of around 10, .an oxi.di zing agent such as sodi um hypo-
chlorite is added thereto, to deconpose the cyanide. Ih order to nake
hexaval ent chrom um harnml ess. in general, 20 while the pH value is
mai ntai ned in an acidic range of around 2, a reducer such as sodium -
bisulfite is added _taq reduece—tphe—hexaval ent chromum i nto_harm ess
trival enf chrom umth® GaRERERR TeIRtes hRa3uFemBRENgglegErode
oxi dation-reduction.potential neasurenent for confirmng,k25 t he
Compl et on of SSRETALIOVIHCH SRR (I vacR B FESPUsEmERt Pod AR in a

na o oxt dar piatilol RSy (GLELSLOLF ndaBHCLRRRYY Gl B0 7 71 LOC°

insthe waste gggﬁ&ion in the reaction bath and are .
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In processing a waste solution containing harmful
10 '_material.such-as cyanide or hexavalent chromium so
that it becomes harmless, it is essential td carry out
a pH measurement and an oxidation-reduction potential
measurement. .
In oﬁder to make cyanide harmless, in general the
15 following'method is-employed: while the pH value of the
' waste solution is maintained in an alkaline range of
around 10, an oxidizing agent such as sodium hypo-
chldrite iS-added.the:eto, tb aecompose the cyanide.
In order to make hexavalent chromium harmless, in general,‘
20 while the bH'value is maintained in an acidic range of
around 2, a.réduéer such aS”sodium bisﬁlfite'is added to
reduce the hexavalent chromium-into harmless trivaient
chromium. In both cases, the pH measurement and the
oxidation-reduction potential measuremént for confirming
25 the compietion of oxidation or reduction reaction must

be carried out in a reaction bath. For this purpose,

" heretofore, a pH measuring glass electrode and an oxidation-



eDinected respectively to a pH neter and an oxidation- reduction potenti al
er, to measure the pH value apnd 5 oxi dati on-reduction potential =
tthereof. In order to inprove the neasurenent- accuracy, a.- reference

el ectrode which has an internal solution. such as a 4-nol potassium

- chloride solution, is set around the pH neasuring gl ass el ectrode, and _
simlarly a reference el ectrode having 10 an internal solution is set i:;

|-II
[l ]

ar aceduchionxpddendialr ashashiming e battaddararar ingeelted r ode: The pH .
measuring gl ass el ectrode and the oxidation- reduction potential neasuring
el etnrobe wasteusbilutioy dss theéhaseadtion dpathi ableare be readi |y danaged.
5 Therefore, when it is required to use the two el ectrodes at the sane

t i reonnectederespectivedly e setpiheeter rand cashosidationt ch gives rise to
a problemthat it is forced to performthe pH neasurenent  and the

oxi ¥rduekioncRotensiadomehard R Jeerewent the BHf valust apdsiti ons which
shoul d_be, carried out at one and the sane position. Furthernore, the

coridabhan-rednstion patentiah Erreef. t iR o%éer| &6t r odes nust be

handl ed with %reat care SUMVARY OF THE | NVENTI ON Accordingly, an object of

t hi ¥MPFQERt FBR: Measyremantq@aruracy c dpbaher eneet P&&Et&?%@n‘o ly in which

t he .above-described difficulties acco an%ig nventional nethod of
redu

TodUUFSh | RaS AR SRCPERGY SRFHAEQILTINE (2GR FORONOPERABSEER har nf ul
wast .sol&tion h%ye'been eHangﬂgthangaéheeﬁg val ue n% t he
oxi PP HHIP BREEES I A AT I ST D 2 BF | JoRBHEGPEd T4RS6he and the sane

'Fxﬂéieé£&533,m§ﬁ&esiﬁilarly é'reference electrode having

an internal solution is set around the oxidation-
reduction potenﬁial measuring electrode.’

.The pH measuring glass'electrode-and.the oxidation-
reauction potential measuring electrode are built in
glass tubes which are liable to be readily damaged.
Therefore, when it is required to use the two electrodes
at the éame time, the elecﬁrodes must be set apart from

. each other, which gives rise to a problem that it is
forced to perform the pH measurement and the oxidation--
reductioh'potential'measurement at different positions
which:shOuld be'carried-out ét‘one-and the same position.
Furthermore;,thevcohventionalfmethpd;isfnotﬂc0nvenient;
in that’ two electrodésgmustfbekhandled with great care.

BUMMARY OF THE INVENTION

Accordingly, an object of this invention is to provide
' é compound electrode assembly in which the above-described
difficulties accompanying a conventional method of measur-
ing- the- pH Qalue-and~oxidatioﬁ-reductionhpotential of

&

&



solution. 5 The foregoing object and other objects of the invention
have been achi eved by the provision of a conpound el ectrode assenbly for
measuring the pH val-ue and the oxidation-reduction potential of a waste

sol utdon, conpri'sing: 10 ' an outer tube; an inner tube | ocated

Wi thin said outer tube and having a first solution sealed therein; a pH
measyring glass filmformed at one end of sa’d i nner tube and exposed to

t he ‘exterior qf sa#aj out er -tubz; 15 sai d outer tuc;)e, inne}(l t ube and
glass fil m beitRfmilgrastesfolpkippohaveobasty shimHinptsdd et eube and

i n~cont act wi tgH Sed Tué | 468 SheUbk@Hatdohelr@diivat ol gadtatiei d Dceidrdbbet ween
said inner 20 space provided b'ertlvveenaﬁai d

d i t t ube;
outer tube an(f'es%é]gpfrfﬁg?sfs‘glﬁ g gg}ﬁt gf‘ﬁ he. SME RARY oH i L RPREP it h

said referencesclwciomde t here being a solution path between said space and

t he exterd or of saif outer. 20 . a.ql ass,t.ube jnt wi th said
out er tut?e; awre fc}fe aé?l'é%%‘g?ﬁ%t E?JFSEa g V?Attq‘rﬁrn Oé’a?ieé:%gﬂ ;bsf‘saq{ﬁlbe; and an
oxi dat i on- r eduigtvert pont emavel beensachigvelde byr ddee |ppoatissionlj e emt sai d

glass filmso o] egexter] f | e,
sajd neasuring. e %@%’?%d‘gf%‘g?ﬁgd%oﬁ%gg?ggpt g%)cf)‘ng{eénd"g’fnégl%% rg{ail"gg '
i nvention al s@nst dheleexidavhenr ragudtipoe podentdalurafh@ twast®H val ue. and

the oxi dat i on-goqqi,pitg,p,n @%ﬁ?iéiﬁéL of a-waste solution, conprisi ng:
: 10 an outer tube; '
an inner tube located within said outer tube and
having a first solution sealed therein; |
a pH measuring glass film formed at one end of said
inner tube and exposed to the exterior of sai& outer tube;
15 said outer tube, inner tube and glass film being .
integral; |
'an electrode located withih sajid inner tube and
in contact with said first solution;
a reference electrode located.between said inner
20 tpbe and said outer tube;
a space provided between said outer tube and said
inner tube to contain a second solution in contact with

said reference electrode there being a solution path
between said space and the exterior of said outer tube;

25 a glass tube integraf with said outer tube;

a wire of a noble metal located within said glass
tube; and

an oxidation—reduction potential measuring electrode
located adjacent said glass film so as to be exposed to

30 the exterior of said outer tube, said measuring electrode
being connected to one end of said wire. '

The invention also provides a measuring device for
measuring the pH value and-the oxidation-reduction potent-
ial of a -waste solution, comprising:

33 a compound electrode assembly including a pH measur-

ing glass electrode, an oxidation-reduction potential

Page 3A follows



a conmpound el ectrode assenbly including a pH neasur- ing gl ass
trode, an oxidation-reduction potential Page 3A foll ows - 3A: =
pasuring netal electrode and a conmon reference el ectrode; a measuring
section including a pH neasuring operat- ional anplifier connected to said
gl ass ‘el ectrode and sai d reference3dtectrode to convert the output obtained
bet ween 5 these two electrodes into a pH val ue, an oxi dati on-reduct- ioﬁ;_
pot eneasurimgsuetad electinadalangpii ¢pmmononedeiremas skeetrode; i

oxi dationgr QR P Qe {ggiyﬁ' 8! sfit e | erence '
electrodeatggg%%§gg S%%H%ﬁﬁgut 0 ta%ﬂgd bgtmge%%ﬁﬁgigfﬁgkéféptrodes i nt 0™
an okewaliamplifierr comnecniedhdiensadd, ghagsasliesdinods andisaidt connected
to botfesehdeaBRbictirdide 4O idBHFat€ €REJoREDUR! B tWintd hetween

oxi dation-reduction potential alternatively. The nature, utility and

5 princhpfe Bvot plechvesesodntia 12 Rt ok lner c28p ¥Rt ranRedict ol | owi ng

det aj 412 dpdEent §83 C heRisudi nth &Spé 1€l bila LOBMPNE Fiied Wdidhddedicconpanyi ng
dran#ngs._&riet description Qf'the-dramiags I n the accaqnmpan |qg dr awi ngs:-

Fi gre 3444 9XEgREIoRTTRANSioan RRbeRt LALoReBRETIRE SIEIIAtS of &
conpanidi Us £1 @cie& fdeensee llec tatnds 0t mgcdAvEhts thev onitiput L .

obtaihed between'these two electrodes into an oxidation-

10 reduction potential, and an indication circuit connected o »

to both said amplifiers to indicate said pH value or
said Qxidation—réduction'potential alternatively.
| The nature, utility and principle of the invention

will become more apparent from the following detailed

15 description when read in conjunction with the accompanYing

20

drawings.

Brief description of the drawings

In the accompahying:drawings:-

Figure 1 is a longitudinal sectional view ‘of one
example of a compdund electrode.assembly according to-

this invention;




FIG 2 jis a cross sectional view taken along line Il-Il1 in FIG 1; FIG 3
is a |longitudinal sectional view of another exanple of the conmpound

el ectrrode assenbly according to 5 the gsvention, FIG 4 is a cross
sectional view taken along line IV-1Vin FIG 3; and FIG 5 is a block

di agram showi ng the arrangenent of a nmeasuring device for processing waste
sol\td on accord- 10 ing to the invention. DETAILED DESCRI PTI ON OF THE

| NVENTI ON A first El&nple 1§ 3 XiffoFRF tleral odtedstsakpny adonsr didmg t o
this,invention_is_as shown in FIGS. 1 and 2. In these figures, reference
nuneral 1 dest&ndfedPafLGmndri 15 tube for a glass el ectrode, and the

i nner tube 1 has an_end _pqrtion of glass fjlm2 for pH peasurenent. A sol u-
tion 3 s0th as a 1FI§0-#DP%M§!L&HQ#% Qﬁid%e§5+%¥?£nVF§W38§lé&qQPQHua

i nner. tube 1, and el ect e 4.is built jn the.inner tube 1. An.outer tube
5 'for a ref e SHEERES OF e, comRotnd (ldkfT0%8 (RrearbLY, Agcsrtipada of
the innegt tub 1..Avs kﬁyiqn 6 such as a 4 nol -potassium chloride sol ution
is sealed in the SUVEF TUPe 5, and. a reference electrode 7 is built in the
outer tube 5. Furt 'n EILG (UqTeL 8 1.0 ' a
sokution path near?ﬁ?e' ?’oﬁ"x‘gr aenjcerOSgt eg@%ft;?er tu éeWSt o‘rght %gﬁ?i fé'?’gr?ce
el ectrode; 9, ya9_$6! Wt (cYo| VAR port provided in the upper portion of
t he outer tub£95?9a§§ 9.&Giol,glga thin tube integrally secured to the inner

£ FIG. 5 is a block diagram showing the arrangement of

a measuring device for processing waste solution accord-
10 ing to the invention. -

bETAILED DESCRIPTION OF THE INVENTION-

A first exémple of a compound electrode assembly
according to this invention is as shown in FIGS. 1 and 2.
In these figures, reference numeral 1 designates an inner -
15 - tube for a glass electrode, and the inner tube 1 has an
ehd portion of.glasé-film 2 for pH méasurement. A solu-
tion.3 such as a 1/100-mol potassium chloriae solution is
sealed in the inner tube 1, and electrode 4 is bui;t in

the inner tube 1. An outer tube 5 for a reference

[ 4]

- 20 electrode is fixedly secured to the outer wall of the
inner tube 1. A solution 6 such as a 4 mol-potassium
chloride solution-is.sealed in the outer tube 5, énd.a
reference electrode 7 is built in the outer tube 5.
| Further in FIG. 1, reference numeral 8 designates

25 a solution path near the lower end of the outer tube 5
for the reference electrode; 9, a solution supplying port

provided in the upper portion of the outer tube 5; and-



5 for the reference electrode. A noble netal wre |
ire is built in the glass tube 10. An -
Ot'ential neasuring el ectrode 12 i-s connected to
wire 11 in such a manner that it is exposed
an¥-the end of the electrode 12 ie. if

K to increase thg
"éé%?i%&ylﬁe it hgs E§%§Q§N%%%$%d to the gl ass QT
2| r e al wire 11,

56{@_( &ggliegrggggtg%ne €¥8§é *pH neasuri ng unlv
fa t o : and the | ead

'a t%gaén g%lgg:‘%'ﬁg‘n%% gj%c#lb‘g%?%ot enti al

:e é?lleﬂn“bkﬁd%QLqﬁﬁ#éﬁﬁE gﬁterlal 17 such

ectrodes are ated rom one anot her.

5 e 513 S1ENEBRRALAdY Ocd hgpast e sol ution in a
: e subj ected to oxidation-reduction bath,
Ae "ERSiHh €88Bh: a méﬁﬁﬁr'éhaEthOX'dat'On'
##g el ectrode 12, the pH nea 3
! ofe tiHe %ﬁégrﬂnﬁozt Janisife sehdt bgn, so that a pH
neasurenent IS carrled out wit pH measuring unit which is connected is
bugbbr ‘ ' fequirdd, i Gonnlcted atb vatdiske glass film2 i
and .t :
of.1 'as to increase the electrode
0 areaif'LeaGSWires'l3, 14 and 15 are connected to the
glass eiébtrode 4, the reference electrode 7, and the
noble metal wire 11, respectively. The lead wires 13
‘and 14 are conneéted to a pH measuring unit. through a
cap716 connected to the top of fhe outer tube 5, and
5 the lead wires 14 and 15- are connected to an oxldatlon-

"measuring unit. The cap 16 is fllled
. 1 17 such as 5111con rubber,.
e.insulated from one another.

£ the outer tube 5 is inserted.

* a'reaction-bath, which is to -
ﬁ?reductionvpotentialnmeasure-
‘that.is, the oxidation--
meaéﬁrihg electrode 12, the pH

nd the solution path 8 are in-
solution, so that a pH measurement
.easuring unit which is connected

is built in the inner tube 1 and



énce electrode 7 which is provi ded between the inner tube 1 and the out er

tube 5 Whil'e ah oxidation- reduction potential neasurenent is carried outﬁ-i L

with an 5 oxi dati.on-reducti on potential neasuring unit which is
connect®d to the reference electrode 7 = to the noble metal wire 11 which
IS built in the glass tube 10 and is connected to the oxidation-reduction

pOtQ{ﬂ i al ”E%?é”é&gfﬁbﬁﬁbﬁodﬁtl'? tﬂ@ %’ﬂé§sC¥§.§m 35 ArfEe i&fﬁﬁénfﬁf&-
el ectrode 7 is comonly used in the pH neasurenent and in the

ox| dat i on-r ediyfid Qa1 et eBleal7 WRREEH eIBNprolidet0Herusk ! €561 9dpeassenbl y
cam’be operated economically and readily. Thus, neasurenent can be achi eved

accurate- |y a4 Dyasa %ﬂﬁ“ddﬁé&*ﬁ%ﬁens,lﬁhlle an oxig&tisa-pH measuri ng
electrode 4, the reference electrode 7 and the oxidati on-reducti on

potenti al rrea:%&uctﬂ@nebaa:hrrmi%ﬂ&neagu?éhehtga@efarﬁi@d ceuRowidrelhct rode
assenbly of the invention can be readily handl ed when conpared with the

convent isonal aidavbenereductivmipoteftiali pedsid ihglunati Whieh is _
el ectrodes into the waste solution while taking care not to contact them

As the end pardnmectédt ke thelatePerendecelestpodadntd andeasuthey nuile
metal" wire 11 is exposed to the side of the pH neasuring glass film2, the

pH and oxi da-m&%al wirenidesdriclonipobailtalinmtdelginese staobe 00 anid eved
substantially at the sane position in the waste sol ution, which provides
acgcur at e readis aronnected tthithe soxndahéon-redﬁctafdmopoténthalcorrpound
el ectrode assenbly of the inven-

measuring electrode 12. In this case, as the reference

10 electrode 7 is commonly used in the pH measurement.and
in the oxidation-reduction pdtential measurement, the
compound electrode assembly can be operated eqonomically
and readily. Thus, measurement can be achieved accurate-
lf even by an unskilled person.

15 Since the pH measuring electrode 4, the reference
electrode 7 and the oxidation-reduction potential measur-
ing electrode 12 are put together, the compound electréde
assembly of the invention can be readily handled when

. compared with the conventional case where the operator
- 20 = inserts a plurality of electrodes into the waste solution
while taking care not to contact them. |
As the end portion of the oxidation-reduction
potential measuring noble @gtal wire 11 is exposed to the
side of the pH measuring glasé film 2, the pH and oxida-
25 tion-reductién potential measurements can be achieved

substantially at the same position in the waste solution,

which provides accurate reaction control. This is another



‘7t.i.on. The noble netal wre 11 is built in the glass tube 10, which is_
.(AAntegral with the outer tube 5, as describ- ed before. Therefore, the

“#l ectrodes are sufficiently electrically insulated by the-glass tubes, and
accord- ingly no neasurenent erfor is caused. Since the conmpound el ectrode
assenbly is sinply cylindrical, the outer surface thereof can be readily _
Clepredt bF HMElcoRpOEndl b1l riiie asséhBt RICURS thvdy~ neasurenent Lz
error may be caused; however, such a trouble can be prevented because the _
owgsnsurface can be readily cleaned. In these points, the conpound

el ectrode assenbly -of the invention is advantageous. FIGS. 3 and 4 show a
second examdisle©fmebalcogpeend 1elier tkelpt agae ble/ giré@é di@get 0 the

i nvention. In the second exanpl e, an oxidation-reduction poten- tial

diXd prehtehmdas Wrntggeakciviete then owt &t reaped 5,0 &k r@&€segiba which is
formed in the end portion of the side wall of an outer tube 5 for a

@ rpagorel.ectisice fdbe, S theael edtid@es! ager eiff fPiéntigrmed into a disk
in order to increase the electrode area. A snall space 18 1s provided
betleetribaliynansel ated be thd eyldsdethbeer, i ratesease el ectrode. and
an inner tube 10 for a. netal electrode. The rénaining conponents are .
Siifdgly ho meaxureméntSertroand 2 causedl e Sdewelitle yconpogndt ed by the
sane reference nunerals.  In the conpound el ectrode assenbly thus
cabéctrdde, agsemblyafsosimpdyc icyilipdtiokilyl timasoutey el ectrode 12a i

()

surface thereof can be readily cleaned; in other words,
_if_the outer surface becomes dirty,'measuremeht error
may be caused; however, such a trouble can be preveqted
because the outer surface can be readily cleaned. 1In
these points; the compound electrode assembly of. the
invention is advantageous.

.FIGS. 3 and 4 show a second example of thé compound
electrode assembly éccording.to the invention. .

In the second éxample,-an oxidation~reduction potén-
tial difference measuring electrode l2a is arranged in‘a
recess 5a which is‘formed_in the-epd goftion of the side
wall of an outer tubé 5 for a reference electrode. The

surfaceiof:the“electrode.123;is:£brmédlinto:aadisk;in-

¥

order. to increase. the: electrode: area. A-small space 18
is' provided between the inner“wall of the outer tube 5
for the reference electrode and an inner tube 10 for a.
metal electrode. The remaining components are similar

to those in FIGS. 1 and 2, and are accordingly designated

" by the same reference numerals. .



“is not protruded out of the end of the outer tube 5. There- fore, the =y
" electrode 12a 'w Il never becone an olstruction 5 when the outer surface\&s4
«of the outer tube 5 is cleaned, or en t he compound el ectrode assenbly is -
handi®d. Thus, 't he conpound el ectrode assenbly is advantageous in that it

i's scarcely damageqd €né E:&n%é’tﬁhi eeI&¢t Pod@ndskieidbl yl Ehwo bt enBRFalteg,e 11
is built in the inner tube 10 for the netal 10 el ectrode, and the inner

tUbe 10 is fihedbyidaeions redudttiontpoténteal mashieingf e1eaeeoaecazzode
with the afore- nentioned small space 18 therebetween. Accordingly, the
eFéctrodes ars MoSi protrndeds Wit ol f e eadhod! tle yutde §hbes st Ueidtiesh
In insulation and the small space 18, and 15 t heref ore no neasurenent
error i s caufkere, Sthecellketrode dl2a rvildnneierhdedme cas ospstdcrliesi r ode
assenbly is cylin- drical, the assenbly can be readily manufactured.
Furt heb- nomherasthéecounteer surffaare aof the antexbltulsans bisrelddahedgl eaned,
simlarly as in the first exanple, the neasurenent 20 error due to the
di rty out er wher aclee caompeunce edeckrode GasSepbdys is rfeandliedg Thusge the
processi ng a waste sol ution, which uses the above-described conpound
el ectrode asswupdynd|eléctGrode rasfsembbly hensdyantikglaugninethalie idodsound
el ectrode assenbly shown in FIGS. 25 1 and 2. The conpound el ectrode
assenbl y 21 seardely cfamagedopnshel s hdunablerfes. & korg 4timead Thier ewltdle
25 and 26 are connected_to the gl.ass electrode, the refer- ence el ectrode
and 't he net MetaleWwivgellr dspdntide|in thegimhenntuhe i 1@ fevi the2hetal
conprises: a jpower source.

10 electrode, and the inner tube 10 is fixedly secured to the

outer tube 5 for the reference electrode with the afore-
mentioned small space 18 therebetween. Accordingly, the
electrodes are positively inSulated.from each other by the
glass tube high in insulation and the small space 18, and
15 therefore no measurement error is caused. Since the configu-
ration of tﬂe entire compound electfode'assembly is cylin- |
- drical, the assembly"cah be.reaaily manufactured. Further-
more,'aS'theuouter surface of the'assémbly can be'readily
cleaned, similarly as in the first example, the meaéurement

20 é:ror due to the dirty -outer surface can be ?révented.

)

FIG. 5 shows a measuring device for processing a‘
waste solution, which'uSes'the-abovefdeécribed compbund
electrode aésembly; -In FIG. 5, reference numeral 21 |
designates'the compouﬁd electrode-assémbly shown in FIGS.

25 1 and 2. The compbuhd electrode assembly 21 may be
replaced by one shown in FIGS. 3 and 4. Lead wires 24, 25
and 26 are connected to the glass electrode, the refer-

ence electrode and the metal electrode, reépectively.'



| (0%

[ r.cuit 28; an indication circuit 29; an operational anpllfler circuit 30a
pH measur enent; and an operational anplifier circuit 30b.for

oxi dati on-reduc- 5 tion potentFﬁI measurenent.. The lead-wire 24
extended fromthe glass electrode-4 is connected to the pH neasuring
operational anplifier circuit 30a, and the lead wire 26 extended fromthe

metal electrode 12 is connected to the oxidation-reduction potenti al w
neasur- 1@he mea@uifitifidexnide a2p| tcbmprisescunt pdler sthardeead wite 25 from.

the reference electrode 7 is connected to both of the operational anplifier

5

10

15

20

25

circoitcifit 28¢ @b .indicepieien i oircuht 2Bnpanndperadticodd assenbly 21 is
inserted into the waste solution in a reaction bath 15 22, so that the
pH namplifigrglcdscuiit My fire pidpeasurpmentpamndd aand t he netal el ectrode

12 are at a neasure- nment position. The pH val ue of the waste solution is

nmeasopetabjonad @mplslflex teixruitt c30br Eareaxddatiomexfgdi® - film 2 and the
reference electrode 7,. as a result 20 of which the pH value..thus
measbien potendiad: measutementdi cEreohead: Wire 24 @wsRied he operationa
anplifier circuit 30a for H neasurenent. At the- sane_ tine, the

oxi dEEPEnthedgdassn i Qﬁ ﬁ|¥$e?%ﬂ9§°5thﬁg & ®Rol ution is measured
by the netal electrode 1 . _ref, ce el trode 7 The
poteﬁ?ﬁﬁPrFHQSQHﬁﬁﬁﬁﬁﬁp + ﬁe¥o°%ﬁ8u6% §§FVO&£ i fier circuit

-~

¥

200 el 35 i Bl A, BBl G on ol w29

connected to the oxidation-reduction potentlal measur-
ing operational amplifier.circuit 30b. The lead wire 25
from the reference electrode 7 is connected to both of
the operational amplifier circuit 30a and 30b.
In.ope:ation,;thé compound electrpde assembly 21.'
is inserted into the waste solution in a reaction bath
22, so that the pH measuring glass £ilm 2, the solution
path part 8.and.thefmetal electrode 12 are at a measure-
ment position. The pH value of the waste solution is
measured by the glass e1ectrode 4 confronted with.the
giass film 2 and the reference_eléctrode 7,.as a resuit
of which the pH value thus measured is indicated by the
indication~circuitx29*through thevopérationa1 amplifi¢r-
circuit'30a-for pH“mgésufgment;» At1thewsame;timeiithé@_
oxidation-reductioﬁ.ﬁotential difference_of the waste
solution is me?sured by the metal electfode 12 and_the
reference eleétrode 7. The potential ﬁhus measured is
appliéd to the_éperational amplifiér ciﬁcuit 30b. There-
forey.the~poténtial iSjindicafed.by-the-indicatiOn.circuit*

29 by switching the connection of the indication circuit

LS )



29 f}on1the operational amplifier circuit 30a to the operational anplifig u
circuit 30b. As was described above, according to the invention, the pH‘ilg},_’=~

measuri ng gl ass el ectrode 4, the oxidafPon-reduc- 5 tion -potenti al
measuring netal electrode 12 and the conmon conparison electrode 7 are
formed into one unit, i.e., the conpound el ectrode assenbly 21.
Aeeor di ngly, the conpound el ectrode assenbly of the invention is

advant ageous29 nfxom the| opengtponadsampid fdlegrtaionsiti 030a tanthe readily
kandl ed when conpared with the prior art in which different reference

el ectrodes #AReFRbional applifies sixcuddnm3dbs. Accordingly the.

measur ement can be achi eved accurately even by an unskilled, person. Here-
tofore, a plural 3§ ¥Rscflegeribed abevensaccardimnd thethe inveptien,
solution with care not to,bringéthenlinto cont act; howeyver, such care is

unnecessary % RFiTRIFRELAE GL8ser 8deciTodidy dihe iRxidateionoreduen.

R TR R WAL, i Pt g ST TR

racte S L) Sl Angg0t LLRSSaCkBch 205ied FL, £E0L 1Sk WM,

o 0% LR o IBAOSRR TP A ISIBAT

L SO Ghortle 35UEsbue R BRI oTUALF i fund i ol < of e

el ectrode asgfpdii¥addo@ECin the following points: the electrodes

| 10 can be readily handled when compared with the prior art
in.which different referénce‘;Iéctrddes-are provided for
these measurements. Agcordingly the ﬁeasurement can be
ach}eved.accurately even by an-unskilled person. Here-—
tbfote,'a élurality of electrodes.ére inserted into the

15 = waste solution with care not-tb bring them into contact; .

hdwever, such.care_ié unne¢esséry fof the compound.
elecfréde'assembly of the invention. In addition,-the
pH measuremenf.and the oxidation-reduction poténtial.

measureﬁent'can be achieved substantially at ‘the same

)

20 position in the waste solution, which contributes to

correct reaction control.

o

Tﬁe méasuring.device 27 comprisesi the pH measuring
operational'amplifier-circuit 30a§ the oxidation-reduc-
tion potential measuring operational amplifie; circuit

25 = 30b; the single power source circuit 28; and the indi-
cation circuit 29, as described before. Therefore, the

outputs of the glass electrode 4 and the reference

Tr—
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“and. t he.

nmeas

meas
have
resp

to p
Int

onpound, respectively, .and therefore 20
Lame SEntnto FheRLARS '

pote

e dinto a pH val ue accurately by the operational anplifier circuit.

le the outputs of the nmetal electrode 12 and the reference
trode 7 are convert- 5 ed intOg?n oxi dati on-reduction potenti al

a- tional anmplifier circuit 30

by the

Since the power. source. circuit 28
I ndication circuit 29 are-used commonly for the two kinds of

urements in the nmeasur- ing device 2.7, the construction is nuch ele?
'si npletectvode0? int khe cpmpoynd, @heckredecassenndyddl axein which the pH -

uring section and the oxidation-reduction potential neasuring section
coneentedainyot Be PHaVRl¥GACUBARLE | X uFRe aREXARdPEAL on circuits,

ectively. In the invention, the two Kkinds of neasurenents are 15

i ndi camRYiBlernhelremidn 308¢ vl e QpEPussdofnther Be&alt i s unnecessary

rovi de, two_neasuring devjces, and the operation is s g@lified as nuch.

RleGHEREe A2 ARE Shec MefRrahirg i ISP ERe / nBEE FRGV:

Seertialy

Ion are

y cange calibrated at the
BXfBPy OPRES st andar d

i al” sol uti whi ch . . ed b dij qui_nhyd '
Gt anzé:‘r%ng-L '-‘?ﬁ#‘%%‘riliﬁ&;l&%ﬁ%ﬁ?&’ﬁ%—??’&?ﬁ{ﬁ@%a*b@ Satt dﬁ%‘égeﬁ °apna
o e E R AR SRR A e ABR d A L S0 PR LRBaNC L 0e

t ube
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15

;commonly for theitwqfkinds'of measurements in the measur-
ing device 27,=the;cons£rﬁction-is much simpler than
that of a conventidnalzmeasuring devi¢e in which the pH
measuring sectiOn}and thezoxidationfrédtctiqn potential

measuring section have substantially the same power

source circuits and indication circuits, respectively.

In the invention, the two kinds of measurements are

indicated by the-ccmmon,indicatidn_circuit,ﬁand therefore

it is unnecessary-tb-provide.two measuring devices, and

20

the operation is simplified as much.
In the invention, the electrode section and the

metering-section-are compound‘respectively, and therefore

they can be calibrated at the same time by inserting the

CONPOundvelectrodeaassémblYninto~standardrpotential:

_ sclutions:whichﬁaxe?preparedfbyradding‘quinhYdroneﬁtora'

25

i)H--4 standard solution and a pH 7 standard solution.

o/
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5.~ an,inner tube located wthin said outer tube and having a first
sol ution seal ed therein; a pH neasuring glass filmformed at one end of
sai d_inner tube and exposed to the exterior of said outer tube; said outer
t ube, i nner tube and glass filmbeing |ntegra%~f&93~__\_~__gg~glectrbde

| ocated within said inner tube and Lpzcontact first solution; a
r&ference el ectrode | ocated between said innelgm Hﬂ@ "ﬂuter tube a
space provi ¢gth figé ween sai d outer tube and sal be to contain

w_second solution in contact with said reference electrode t fere being a
. solution path between said space and the exterior of said outer tube a

gl ass tube integiplodiidnddl d106tRbdb RS ehnty Toif SRR Lacat ed

wi thin said glass 20 tu and .an oxidati On-reduction enti a
nmeasuri ng el"e?clt%or’éldo@&?e@#h@fﬁeemrgéumgp&swﬁqr\ﬁw taa wsekposed to

t he exterlogdjugiaﬂic&gﬁgpigbgg sai d neasuring el ectrode being connected
to one end of said wre. 25 A conpound el ectrode assenbly as cl ai med

in claimi, wheH391?%ﬁ?Fgﬁ%R§’tube is located in spaced rel ationship
betwegn sai d i nn&in tidige Anguisi ﬂoeutea wilbBinaRA igRichtdr dAibeOmAgduction

‘potenti al surlngid%fctrode ﬁé on s aﬁgaog din arecess fornmed in the
end portjon RSC (3ptution sq eA§*®évi ce for measuring the
pH val ue and theawpﬂkﬁeaﬁuffﬂgcglaﬁspﬁﬁemtfabmeﬁ atwamkeemﬂLufomalﬁon} 35
prising: a Cnr;r%%u C11bee| eaCrE ng ggé&”@ ytiugc'egjc er or- o rg%ais rIur{:ger' tube;
said outer tube, inner tube and glass film being integral;
10 an electrbde-located within said inner tube and
in contact with said first solution;-
a reference electrode located between said inner
tube and said outer tube;
a space provided between said outer tube and said
15 inner tube to contain a'second solution in contact with
said reference electrode there being a solution path

. between said space ‘and the exterior of said outer tube;

a glass tube integral with said outer tube;
a wire of a noble metal located within said glass
20 tube; and
. an oxidation-reduction potential measuring electrode
located adjacent said glass film so as to be exposed to
the exterior of said outer tube, said measuring electrode
f being connected to one end of said wire.

25

L L)

2. A'compound electrode assembly as claimed in claim 1,
wherein said glass tube is located in spaced relationship

: : - between said inner tube and said outer tube, and said

-

\ ' oxidation-reduction potential measuring electrode is
30 exposed in a recess formed in the end portion of said

outer tube.

3. A measuring device for measuring the pH value and the
_ oxidation-reduction potential of a waste solution, com-
35 prising:

a compound electrode assembly including a pH measuring

5



glass el ectrode, an oxidation-reduction potentia - ing netal X
er'ode and a common reference el ectrode; a ne mm’l}muﬂﬂruﬂncl uding-a
*
s

‘pH neasuring operat- ional anplifier connected t 8¥t.r ode and
5 said reference el ectrode tel@envert the output obtained between these
two electrodes into a pH value, an oxidat- ion reduction potenti al .

Measur g saPd ¥ e ANPh i 6k £6a€20REHeMh dtd iRl sb O&h €84 1 OReLgEWCt i ON
potential neasuring electrode and said reference electrode to convert the \
10 out fB€ Stalh&letieds fndsa ceRpmometaisfangatelentslaati on-reduction

potential, @%@%&M@a&@eishrihb&u@qw@qmt&@@&ﬁiﬁg!'dfamwier_s to

I ndi cat.e said pH value or said oxidatiagn-reduction potential alternatively.
ional amplifier connected to said glass electrode and

5 said reference electrode to convert the output obtained
‘between these two electrodes into a pH value, an oxidat-
ion reduction potential measuring operational amplifier.

 connected to said oxidation-reduction potential measuring

“

B

electrode and said reference electrode to convert the

\

-

10 output obtained between these two electrodes into an
oxidation-reduction potential, and an indication circuit
connected to both said amplifiers to indicate said pH

value or said oxidation-reduction potential alternatively.

Wy e,




