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Design and Performance of Improved Galvanic Cell 

            Type Oxygen Analyser

               を                         み                             

Hiroshi MATSUSHITA, Hiroji HIRONAKA and Taizo NOMURA

   In order to measure the trace oxygen in gas continuously, a galvanic cell type oxygen analyser (Ag I 24 

 % KOH I Pb cell) was manufactured for trial. This analyser has a coil-type silver cathode which is 

 separated from the lead anode, and an automatic water feeder having a specific device is applied so as to 

 stabilize the sensibility and to simplify maintenance and handling. The value indicated by this analyser 

 became independent of the rate of flow of gas over 300cc/min, showing reproducibility with standard deviat - 
 ion lower than 1. 2%, and the response time to 90% response was in the range between 1.8 2. 1min. 

 After examination on the stability of various properties during continuous operation, it was found that 

 this is suitable for use in industry. 

                                  1. Introduction 

 Of late analysis of trace oxygen (in concentrations in the order of ppm) in gas has been 

regarded as important in the field of semiconductor, gas, and organic chemistry, and 

continuous watching on the trace oxygen has become indispensable in the quality control. 
                 1) 

Formerly the authors made some fundamental experiments on a galvanic cell type oxygen 

analyser which was essentially selective for oxygen and disclosed its various features to 

establish the plan in designing. In case of continuous measurement in the manufacturing 

process, not to say of accuracy, but rather reproducibility and stability have been taken 

important from the nature of the aim. Therefore the authors manufactured tentatively an 
1) 

analyser for continuous measurement based on the previous paper and made a continuous 

test for quality for about two years. During the course of examination several improve-

ments in the structure were repeated bringing about seemingly satisfactory results. In this 

paper the structure of the analyser finally obtained as well as its quality in continuous 

use is presented. 

                            2. Construction and operation 

The diagram illustrating the principle of the oxygen analyser is given in Fig.1. Valve 

1 and 2 in Fig.1 are valves worked by hand and both are set at "Open" position during 
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Fig．1 Shematic diagram of oxygen ana1yser

operation． On setting the se1ector switch of the manipu1ating part（described－1ater）at

・・ leas．”position，the three way so1enoid va1ve3is de－energized1eading a samp1e gas to

the saturator via a f1owmeter．The samp1e gas enters the measuring e1ement after being

saturated with water vapour． In the measuring e1ement an e1ectric current is generated

corresponding to the concentration of oxygen in the samp1e gas， and consequent1y this

current is passed through a definite1oad resistor， and the vo1tage－drop on the1oad－resistor

is recorded in the recorder．The samp1e gas coming out of the measuring e1ement is dis－

persed－in the pure water in the automatic water－feeder叩d discharged・outward through

the water trap．As the water in the saturator is brought out continuous1y by the samp1e

gas，it is necessary to supp1y water to the saturator as much as the amount1ost．A device

equipped for this sake is the automatic water－feeder．

  Then on setting the se1ector switch at“Zero”Position， so1enoid va1ve3is energized

1eading hydrogen gas to the f1owmeter through a cata1ytic purifier．The cata1ytic purifier

has the object to remove ioxygen in the hydrogen gas．The hydrogen gas coming from the

f1owmeter passes through the saturator， measuring e1ement， automatic water－feeder，

and water trap in this order and is discharged outward． The zero point of the ana1yser

is ca1ibrated．in this condition．

  On setting the se1ector switch at‘‘Ca1．”Position， a definite e1ectric current f1ows bet－

ween a pair of p1atinum e1ectrodes equipped in the saturator，where a definite amount of

oxygen is generated and admixed into the hydrogen gas．Assuming the e1ectro1ytic current

                                        （2）
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at that time，the scale of the ana1yser is caIibrated．

  The working princip1e of this ana1yser is explained as fo11ows．The measuring element

is a kind of ga1vanic cell consisting of Pb124％KOH l Ag， and most of the si1ver pro－

trudes in the gas phase．When oxygen f1ows over the surface of the si1ver in the ce11of

                                                                              2）

such constitution， an e1ectrochemica1reaction takes p1ace at the three phase boundary

where the cathode，the e1ectro1ytic so1ution， and oxygen are mutually in contact giving

rise to a current between si1ver and1ead corresponding to the concentration of oxygen．

Therefore by estimating the drop in the vo1tage between both terminals of the1oad re－

sistor， which is caused by apPlying this e1ectric current to a definite1oad resistor，the

current，that is the concentration of oxygen，is made evident．

2・1 Detecting Part

  The detecting part consists of f1owmeter，cata1ytic purifier，saturator，automatic water－

feeder，measuring e1ement， water trap，va1ves and a Piping system comecting them as

shown in Fig．1．The apPearance in the interior of the detecting Part is shown in Photo．1．
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2・1・1 Cata1ytic purifier

  The cata1ytic purifier is provided with the object to remove the oxygen in the hydrogen

gas at the time of ca1ibration of the sca1e of ana1yser．The cata1yser used at the norma1

temperature is the．pa11adium meta1precipitated on a1umina carrier（made by Enge1hardt

Industries Inc．）．By this catalyser the reaction，2H2（gas）十02（gas）一＿＞2H20（gas），is pro－

moted resu1ting in the e1imination of oxygen，and such hydrogen gas as cgntaining usuany

no more than0．5～1ppm oxygen，can be obtained．

2．1．2 Saturator and automatic water－feeder

  In case of the ga1vanic ce11type oxygen ana1yser，it is necessary to humidify the samp1e

gas previous1y so that the water in the e1ectro1ytic so1ution in the measuring e1ementmay

not be1ost．For this purpose a saturator is equipped（In this part there are used entire1y
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nO cocks， because during 1ong usage troub1es due to sticking of cocks often happened

on account of the corrosion by the a1ka1ine so1ution at the ground part of cocks）． The

out1ined figure of the saturator is given in Fig．2．

  P工atimm e1ectrodes in Fig．2are used as the eIectrode for water e1ectro1ysis in ca1ibrat－

ing the sca1e．

  The samp1e gas is d三spersed into8％Potassium hydroxide so1ution as fine bubb1es by

the use of sintered g1ass， during which time the samp1e gas is saturated with water

vapour．Then the samp1e gas goes through a demister，wherein a nicke1wire is wound

at randam（so as to prevent KOH mist from entering into the measuring e1ement）and

then through the measuring e1ement and enters into the automatic water－feeder．Here the

samp1e gas is deprived－of disso1ved oxygen in water in the compartment pipe by using a

bubb1er and then discharged outward from the exhaust pipe．

  As the1iquid1eve1in the saturator drops，the1iquid1eve1in the automatic water－feed－

er a1so drops．When the1iquid1eve1of the automatic water－feeder drops be1ow theupper

cut endαof the g1ass tube having a s1ant cut end， the gas enters the storage tank， the

water in the storage tank corresponding to the vo1ume of gas is forced into the automatic

water－feeder， and simuItaneous1y the water in the compartment pipe（which has a ho1e

on the side wa11）goes through fine tubes into the saturator．When the1iquid1eve1in the

saturator recovers to the origina1water1eve1，the water1eve1in the automatic water－

feeder a1so rise toα，and the water supp1y from the storage tank ceases．In such a way，

continuous supp互y of water is carried out， without need－for the water supp1y by hand．

The reason why the water passage from the compartment pipe to the saturator consists

of fine tubes， is that the gas from the saturator may not enter into the compartment

pipe，and the diffusion of potassium hydroxyde into the compartment pipe is made as

sma11as possib1e． Since the capacity of the compartment pipe is not so1arge that the

e1imination of oxygen from the water to be supp1ied to the saturator is performed effici－

ent1y．

  In the above method，it is high1y advantageous that the water entering into the satu－

rator is a1ways in equi1ibrium with the samp1e gas．（On perfect remova1of oxygen from

the water supP1ied，the oxygen in the samp1e gas is disso1ved in the water in the satura－

tor．Name1y it is disadvantageous because the oxygen in the samp1e gas is consumed．On

the contrary if the water having been1eft in air is used－intact， the oxygen disso1ved in

water is re1eased into the samp1e gas which makes the indicated va1ue a1itt1e higher）．

  In supp1ying water to the storage tank，the storage tank is1ifted vertica11y to remove

                                        （5）
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from the apparatus． 0n this occasion a g1ass ba11is separated from the supporting rod

and adhere to the tbick part A（this serves as a va1ve seat．）which permits no1eakage

of water．When the storage tank overtumed in such condition，a g1ass ba11is caught by

three protrusions B．When water is poured from the above into the storage tank，water

enters it through the c1earance between a g1ass ba11and the protrusions． If the storage

tankisagainovertumed，ag1assba11retumstoastatec1oseadhereedtoApreventing

the1eakage of water．The storage tank in this state is equipped to the automatic water－

feeder．When the ground part is in c1ose contact，a g1ass ba11is upho1d by the support－

ing rod一， the water in the storage tank may easi1y fan down through the gap between a

g1ass ba11and－A．

  In order to faci1itate c1eaning of the p1atinum e1ectrode，this is made possib1e of remova1．
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2．工．3 Measuring e1ement

  The struとture of the measuring e1ement is i11ustrated in Fig．3．The si1ver cathode and

1ead anode are separated by ny1on unwoven sheet． The anode is a1ead wire ro11ed in a

sPira1and is so set that easy remova1is possib1e for c1eaning and other maintenance of

                              3）       4）

the e1ectrode，In the past Hersch and Baker et a1． have informed－an e1ement of such a

structure as having a cathode set over a porous viny1ch1oride sheet covering direct1y

around the cy1indricaユエead foi1． But since’this structure is defective because of its diffi－

cu工ty in c1eaning and maintenance of the1ead e1ectrode，the1ead anode was improved so

as to simP1ify，remova1and exchange・

  The cathode is a si1ver wire of0．4mm diameter ro11ed in a coi1of5mm diameter
                                                             3）      4）

which covers ny1on unwoven sheet in a spira1．In the Past Hersch・and－Baker et a1・used

an e1ement in which a si1ver cathode net is set c1osely over a cyIind－rica1porous viny1

                                                               3）

ch1oride sheet i加pregnated with the e1ectro1ytic so1ution，and Hersch used such a structure

as having a cathode of si1ver p1ate bent in M type which is submerged in the e1ectro1y－

tic so1ution．But in case of the former it was difficu1t to bring the cathode uniform1y in

contact with the porous sheet，and especia11y immediate1y after assemb1ing，1arge f1uctua－

ti。。。f。。・。iti．ity・・・・…d・・…i…11yd・・t・th・・h・㎎・i・th・・・…fth…th・d・i・

contact． As for the1atter，there is a possibi1ity of change in the contact surface of the

。。th．d．d。。t．th。。h。・g・・f1iq・id1…1・fth・・1・・t・・1yti…1・ti・・・・…di㎎t・th・

mechanica1vibration．This is regarded as especia11y inadequate for use on the actua1spot

in the factory where mechαnica1vibration is frequent． Therefore in this ana1yser，the

tension of si1ver coi1is uti1ized to bring the si1ver cathode in uniform contact with the

porous sheet．

  The1ower part of ny1on unwoven sheet is immersed－in2斗％potassium hydroxide so1u－

ti。。whi．hp・m・・t・・th…ghth・mw・・…h・・t・pt・th・t・p・wi・gt・th…piu・・y

ph。・。血…m．A・…di・g1y・h・…h・d…d…d・・…1・…i・・11…m・・t・d…h・the「by

potassiu血hydroxide so1ution・

  Both the area of cathode and the1oad－resistance are selected suitably according to the

                     1）

range to be measured・

D。。i．g…f… 1・・gP・・i・di・w…b・・…d・h…h・1iq・id1…1i・th・m・・…i㎎e1e－

m。。t．i。。。g・・d・・11y．Thi・i・・…id…dt・b・d・・t・th・diff・・・…i・th・t・mp…tu「e

。。。di。・・b・・w・…h・・・・・・・・・…d・h・m・・…i・g・1・m・・…dt？th・diff・…c・inthe

concentration of both e1ectroユytic so1utions（that is to say the difference in water vapour

P。。。。…）．Th…f・・・・・・…f1・wpip・…h・w・i・Fig・3i・p…id・di…d・・t・k・epthe

                                        （7）
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1iquid1eve1of the e1ectro1ytic so1ution in the measuring e1ement constant．As the overf1ow

pipe is comected with the measuring e1ement through the e1ectro1ytic so1ution， the air

outsid－e is entire1y exc1uded from the e1ement．

2．2Manipu1ating part
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The manipu1ating part consists of1oad resistance，zero point regu1ating circuit，constant

current circuit and temperature contro1circuit．The e1ectric circuit of the manipu1ating
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part is i1Iustrated in Fig．4． The load resistanとe is a10－turn he1ipot suitab1y determined

according to the measuring range．Both termina1s of he1ipot are comected with the cathode

and anode respective1y， and the vo1tage between the anode termina1and the s1ider of

he1ipot is used as the input for the recorder．

  If oxygen is absent in the samp1e gas，the e1ectric current shou1d be theoretica11y zero，

but practica11y there hapPens some current（Usua11y be1ow1～2pPm ca1cu1ated as the

concentration of oxygen）． This is caused by the dark current of the measuring e1ement

itse1f due to the impurity in the e1ectro1ytic so1ution and others and the1eakage from the

piping（a11is mad－e of cupper）． The zero point regu1ating circuit is provided so as to

compensate the amount of current as above．This circuit is a kind of potentiometer（a5－

tum he1ipot is used－and the output is±1mV），which is inserted in series in the input

side of the recorder

  The constant current circuit is provided to f1ow direct current through the p1atinum

e1ectrod－es at the time of ca1ibration of the sca1e． This circuit is used－for avoiding the

f工uctuation of the indicated va1ue．Because the oxygen generating at the p1atinum e1ectrode

appears as incontinuous bubb1es，the electro1ytic current f1uctuates on using constant v01tage

source， resu1ting in var三ation三n the indicated va1ue． This variation had a tendency of

increasing proportiona11y to the concentration of oxygen． The e1ectro1ytic current is so

se1ected by10－turn he1ipot as giving rise to an optiona1va1ue between O．2～1mA（in the

measuring range of0～10ppm）and2～10mA（in the measuring range of O～100ppm）．

  The temperature contro1circuit is an on－off contro1system using a thermister as the

primary e1ement，by which the temperature in the detecting part is kept constant（±0．1

～0．2deg．）within the range of40～柵C．When the temperature rises above65℃owing

to some fai1ure，the heater becomes automatica11y off by the action of thermore1ay．

  Introduction of the samp1e gas，introduction of hydrogen gas at ca1ibration of the sca1e

and－passage of the e1ectro1ytic current are a11started automatica11y by on1y one se1ector

switch．Name1y when the se1ector switch is set at“Meas．”Position，the so1enoid va1ve

is opened－introducing the samp1e gas into the measuring e1ement， when set at“Zero”

position，hydrogen gas is introduced－automatica11y，and when set at“Ca1．”Position，the

e1ectro1ytic current is tumed－on permitting the ca1ibration of the sca1e．

  The fronta1extema1apPearance of the manipu1ating Part is shown in Photo．2．

  The output of this measuring e1ement needs not be amp1ified and is direct1y connected

with0～5mV recorder．

                                        （9）
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                                    3． Resu1ts

                                          ユ）

  As the fundamenta1study has been reported a1ready，some informations wi1I be made

here on the reproducibi1ity and stabi1ity of above－mentioned－ana1yser manufactured ten－

tativeIy for continuous measurement when used for a1ong time．

3・1 Ca1ibration curve

  The caユibration curve for constant area of cathode and various range are given in Fig．

5．As seen from Fig．5，in a condition that the area of cathode is fixed，the1inearity of

the curve becomes the1ower，the1arger the measuring range becomes．In the measuring

ra㎎e sma11er than30ppm，a1most perfect1inearity was obtained，With the range1arger

than this，it was found that the1inearity is somewhat improved by reducing the area of

cathode．

3．2 Effect of fIow rate

Th・・ff・・t・fth・f1・w・・t・・fth…mp1・ O．3

gas is given in Fig．6．As seen from Fig．6，

the indicated va1ue is hard1y inf1uenced by

the rate of f1ow並it exceeds300㏄／min．

Name1y this ana1yser is marked1y charac－

teristic in that it is not inf1uence by the

rate of f1ow over a definite va1ue． This

may be said－to be a1arge advantage as the

industria1ana1yser seeing from the pointof

samp1ing．Then the change of effect by the

rate of f1ow was estimated at inte「va1s

of one month．  Name1y the change of
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               f1・W・・te（・．・．／mi・）

  Fig．6 Effect o壬生1ow rate

     Sensitivity was calculated from the工ange

     of O～30p．P．m．

400

indicated va1ues for the rate of f1ow changing from300㏄／min t0500cc／min was estimated

under a condition that nitrogen gas containing about50ppm oxygen is f1owing．As the

resu1t， such change in va1ues as O．8，1．2，1．2，0．7，1．4， and－1．1ppm was observed．

From this it may be said－that the effect of the rate of f工。w is sma1I and this ana1yser

manifests good stabi1ity in respect to the inf1uence from the rate of f1ow．

3・3 Reproducibi1ity

  The reproducibi1ity of indicated va1ues（estimated－three times repeated1y）was investi－

gated at interva1s of one month in case of f1ow of nitrogen gas containing about20ppm

and50ppm．The rate of standard deviation against mean va1ues（％）ca1cu1ated from three

estimations is given in the tab1e be1ow．

（ユ1）
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     conc． ofoxygen（P．P．m．） May June July Aug． Sep． 0ct．
                     20          0．5    1．3    0．4    0．6   0．0    1．0

                     50          0．2    0．6    1．2    1．1   0．9    0．4

  From this tab1e the ana1yser seems to have a satisfactory reproducibi1ity for industrial

uSe．

3・4 Response time

  In the test for six months the response time up to90％response was within the range

of1．8～2．1min．

                          4． Portab1e type oxygen a．na1yser

  Based on the experience in the tentative assembling of continuous ana1yser described

above，a portab1e type oxygen analyser for1aboratory use was manufactured subsequently．

As its princip1e as we11as its characteristic in operation is identica1with that mentioned

above，merely the structure of the analyser made for tria1wiIl be presented here．
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                   Fig，7 Shematic〔liagram of portab1e type oxygen ana1ysef

  The extema！appearance of the ana1yser is shown in Photo．3and the’shematic diagram

is i11ustrated－in Fig．7．

  At the time of ca1ibration of the sca1e the four way va1ve is set at position2and3as

seen in Fig．7and hydrogen is passed in the course of valve2  ＞cata1ytic purifier  ＞

four way va1ve  ＞f1owmeter ＞saturator ＞measuring element ＞va1ve3．

  At measurement， the four way va1ve is set at position1， 4；the sample gas is run

fu11y between va1veユand3to repIace the gas in this passage with the samp1e gas com－

p1etely，thereafter by setting four way va1ve at position i，2the samp1e gas f1ows through

the course va1ve1 ＞four way va1ve一合［from here on the same course as in case of

hydrogen．コ

  When the ana1yser is not in use，the measuring e1ement shou1d be kept from entrance

of air by setting the four way va1ve at position2， 3conducting hydrogen and then by

changing the four way va1ve to posision3，4keeping the passage（f1ow meter→sat－

urator＿÷measuring element ＞4  ＞3 ＞cata1ytic purifier  ＞va1ve2）a1ways

fu11of hydr09en．

  The output current from the measuring e1ement can be read direct1y from the micro一

（ユ3）
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ammeter（doub1y graduated in0～10together with in0～100ppm）and this meter is also

used for measuring the electro1ytic current（refer to Fig．8）．In addition on－off contro1is

carried out by a thermore1ay near the measuring e1ement．
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