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On Industrial Applications of Oxygen Concentration Cells
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Fig. 1. Schematic diagram of galvanic cell to
determine oxygen content in liquid iron
used by O~naka?”. The electrolyte is made
of silica containing iron oxide,
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Fig. 2. Relation between the EMF of the cell of
Fig. 1 and the oxygen content deter-
mined by the conventional vacuum fusion
method?.
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Table 1. A flow sheet of manufacturing of ZrO,-base solid solutions for the solid electrolyte.
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«—Testing of size distribution and slip
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«——Using a"standardfheating-cooling program
__ with a controlled atmosphere.

Table 2. Chemical composition and physical properties of a commercial stabilized zirconia for

electrolyte use.

\tabilizers CaO l\lIgO Y,0O4
— 9 mol%p 11 mol9, 15 mol % 15 mol % 15 mol%,
g $i0, 1.63% 1.589% 1.66% 0.60% 0.49%
g TiO, 0.287 0.247 0.277# 0.247 0.267
3 Al Oy 0.697 0.717 0.677 0.297 0.277#
g‘ : Fe, Oy 0.167 0.177 0.18# — —
IS CaO 4.707 5.807 7.707 0.367 0.047
: MgO 0.897 0.927 0.997 5.207 —
s Y,0; — — — — 13.207
‘g Na,O 0.037 0.027 0.04 7 0.037 0.037
) K,O tr tr tr tr tr
& ZrO, 91.62% 90.55% 88.50%, 93.27% 85.67%
z Max. water absorption 0.299, 0 10% 0 0.059, 0.029;
g Apparent porsity 1.56% 0.06% 0.019; 0.24¢2; 0.07%
2
i S Apparent density 5.5 5.36 5.13 5.60 5.41
Z ,
Ay Degree of stabilization 74, 939, 1002, 10092 10024
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Fig. 3. Reciprocal temperature and the specific
resistivity of commercial zirconia base

solid electrolytesi?.
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Fig. 4. A prototype of the oxygen concentration
cell to analize the gas composition by
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Fig. 5. Schematic diagram of the open hearth
furnace and the Galvanic cell to make
the continuous analysis of its waste gas
by MaTsusHITA, et al2®,
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Fig. 6. The sheet with the recorded EMF as the
function of time obtained by the experi-
mental set-up of Fig. 5.
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Table 3. The comparison of five commercial oxygen meters.

[ i

Specification A *% B | C ; D : E
) i
Cell design* OBE COE OBE ﬁ COE i COE
| !
Electrolyte 7r0,- CaO ZrO,- CaO Zt0,-CaO | Zr0,-CaO | -
Cell temperature 850°C 815.6°C 850°C 850°C 815.6°C
! . 10.97~42.5 . . .
Sample gas-flow rate ' 200~300 mi/ min 1 / min 500 m!/ min 250 ml/ min  {0.24~42.5! / min

;q Less than 0.19;

Flow sensitivity a per 50 m{/ min Less than 0.01%

per 470 ml/ min

1~100 ppm
0.1~109%

0~19%, 0~5%

O, Input ranges 0~10%, 0~252,

I~100 ppm, 0.8~150 ppm 0~0.59,, 0~1%
0.1~209% | 80~150, 000 ppm| 0~5%, 0~10%
1~20, 98~1009, | 0.8~1509, 0~20%,, 0~100%

1 sec for 639,
3sec for 909
(250 m{/ min)

1sec for 639,
Speed of response
(9.44 ml/ min)

1sec for 632,
3sec for 902,
(500 mi/ min)

I sec for 639 3sec for 639,

(250 m{/ min)

Temperature of

sample gas 0~30°C

150°C

— —45~120°C —

Power requirements| AC 100V, 300 W | AC 115V, 300 W

AC 100V, 130 W — AC 118V, 120 W

¥ OBE means open on both ends and COE means closed one end.

E Do,

PR X — 4 —OFMILESERT 3 ~4 g, ke
AT 10~15 [ (1 EloFEREB$ 2hr) THo72. FD
% Fiscuer and JANKEZIZ XD TEEE » — 4 — BT
LEEMITETE R R D Y, TOE I Y IHREEOHHE
BA— - 2RIV ELROBEA— 2 —PHRENE X
S in->Tkic.

Table 3 i XEN, ENOBKLOWESRE X — % — 0tk
HOWEY LbDTH DD, Wihd A — & —DHER
T 5D ERFEREE AV, XPtEEE ZrO,-
CaO DEEEMBLHIL Liswv X 51, BiIemcid i
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Fig. 7. The linear velocity of argon gas and
logarithm of oxygen pressure obtained
from the EMF of the Galvanic cell by
SUNAYAMA, et al2?,
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Fig. 8. The linear velocity of argon gas at the
vicinity of the gas electrode converted to
25°C and the obtained oxygen pressure??.
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Fig. 9. Contents of CO, NO,,
in waste gas of a gasoline engine as a
function of ratio of air to fuel. The EMF

curve is of the oxygen concentration cell
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and hydrocarbons

shown in Fig. 11 by DukeRr, et al39,

74— KXo 2 L, AZBRE LTV )V BEOEED
v ho— LT, NO,;, CO, HC ZREEC LI S5 &
+ 53K A h FLEMING, et al.28) %> DukER and NEIDHARD2?
WX oT 1973 SECER I TV 5.

Tz DUKkeR, et al. i€ X % 1975 £ O EFERDIIE
2 DED CalO, Y,05 H5\id MgO THRELLA
ZrO; OFEEOMHES, B2xOBHREELMEAL, &
MmoFMmz 24000 km  OEBEHETHEBICMEYET 5 F
TETHZECRY LR TERCET 5.
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Fig. 9 I&flc HF v vz o i Adho CO
NO,, HC &6 & LEFRiRiEEmo EMF, ##icE
LD (A/F) ZRLTW 5. E]EPGDEMF@:}:Fig-
11 iR LAEibd EMF ©h b, A/JFBSKIZED &8
h2¢®ﬂhﬂiu&01ﬁ$@®§ﬁ$®ﬂntﬁ
WlEiIZ D TL 50T EMF 3 Fo>T7<K 5. EMF 548
BT T 5 E ZAPEBCLELER D A/F Hic—
HLTW5.

Fig. 10 13 Z ORIRIEERIZ X >Tx v oo~ itig
35 A/F KAEABINC 3L b o — T 5 HEOHRER

RLTWS. ZOrh 2-sensor ﬁbTéé%@ﬁm
@ Fig. 11 TRT X SkiEn, RS8R LcEs
RiREEMRTH 5.

NAlDOZEGIE Pt OEEEEZ > SEETREL, 5t
fll> Pt §RiZ lpm OFE X Pt 2455k HEETHRAE L
TR R—F AT I Ay 2 — LA RN
%2%$Mm1®ﬁékoﬁé DA FVEIHEES
Az g Ehs P, Pb, S i FOLAEWIT X b Ptigads
LT BOEBFVWTWS. TOREINVDOEERIETS
XA L L4 2HWS. Fig. 1l i T EMPEEICHL
FFreERMOR V-t AR, o v LHIRE
Dol EHNBEICEZET 5.

AR EXHAUST
) IR FLOW| TS GAS
—_— ENGINE
L METER | — 3wy systeMb— %
A-SENSOR (Oxyges Concentration Cell)
FUEL
— ] INJECTION
| S
FUEL
QUANTITY
AIR
QUANTITY | ELECTRONIC | Asp
CONTROL
UNIT

Fig. 10. Principle to control the ratio of air to
fuel based on the EMF of Galvanic cell
to minimize the contents of harmful
gases in the waste,gas3®,

SOLID

Co,
H:0

_— Na

ELECTRODE RESIDUAL OXYGEN  EQUILIBRIUM OXYGEX
) (po?)

INNER ELECTRODE

Fig. 11. Schematic diagram of the oxygen con-
centration cell to make the continuous
analysis of the waste gas of the engines?,

DT DEREN: 300~900°C CEEH L, 700°C ik
H‘E: SEGERELT Sms, 400°C iz k17 BAEHRRIE 105Q
TH5. Diuker, et al 30} ZrO,-FE DMK OB
otk BREEE, RATRE, sk X o
BE LN, MEBETOEBEESY FT 521 8 mol%
Y,0; BEL, ANA 8- LTD S0, % 3%
T 5 X ERARE Y 50, BEES,EITSZ
EEHELTND.
BRMABOOEREISTE L ABE~DILRA DK
HOFEREETHNIMTEINTVWEDT, EWFE
BEEIKXEROF M2 IEF A I 3 RS K

ECHESTHIOEELILND.
6. WHBIVRUMIBTOSETESHEE
BORETH

BP0 EH#HFESY Zr0,-CaO BIHEMELR V2
BRIBEERTEIE L2 C DT O, 1965 4£0
PruscukeLL and ENGELL DIATRCTH 1, it Janke
and FiscHer i X2 CHEA DG LI OWTOAERRE
P EN T 533,

R, BENE RS OEBME~CH LT L
LTlx Kamerant and YAMAUCHI3O3D T L 5 2 DDA
BHDH. ThbbLEFREFIC v MPOhOEEES
RN HOHEEBMEMAI SO X 5 TELT o aieE
NECHIE L, EEQBERORIGEEOHRE LTS,

—%, BRIREEMOIHREIHR TS ~DEMIE DoMpas
and LockYErR T X >C 7 EfliThi>THFEE N, £
DTV 1972 Fr FBFR I iz,

FR TR iR ik TR A BT IR AT Lo, 1) o4 ¥
~ R BT B IV F—0h, 2) 7 — KR
DOEHFOF x 2 b9 8—0h, XU 3) 27¢

Fig. 12. Backfeed control system for continuous

casting of tough pitch copper billet using
the oxygen concentration cell at the exit
of the launder; by Dompas and Lock-
YERS36),
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Fig. 13. The EMF obtained by the method of
Fig. 12 and the oxygen content in
copper determined by vacuum fusion
analysis3),

yFE Ly MEGSEEAODS HFFTHB. Fig. 12
X 3) OBAT, vl s — Lo o TS OE
SR HIT, ZER A FEERRIC LB RIRIKEMSZES
nTws. JBlEEhs EMFiTX) 5o 4—iC20nT
WEMBA AN~ F —DOELAEEFAEL, HHTD%0 %
—EiC L, ECHEERNOPORMERZ EMF L) &5
WO HETHS.

Fig. 13 \3fllsE X7z EMFE E{ERODSITHEIC X 588
ELEHEREEZTRLTVS. B0 FMEL 70hr L vbih
T, FEROESE 1972 F4H5 TR A4 ¥ —3N—
SAT 2 4B 257- 1 300000 t 4RI & EMF s
BEHEVERE - LTV LR TS, (WME MO :E ORI
ZHk37) 38) HBIE LT ol &Eow.

—H Sk ORE R A7 B % B R IR E N TR Ei
LIS EWHSHLITHOWTI, (Ekoawy s TVvoHE
AR EDSIE T M AR T ER T B 01T, 19604E L
KRG E TR ICE K OMERRB LSk

Gorto and PLUSCHKELL 45134213 1970 45 Tic
BRI/ 20 PEOREPFFINTVWDDT, TD
HE IV TEL OBOMFERIC OV TIRETT 5.

AARERNICIVTE, BENRZREIUGICEALX
5 LT BIEL DT OWREFAME mIFREICKD
ThEhic. ZOHREIDRMLAERShORTVWHERIT
Moo, BESFRESE 19 ZEARET, Bl
POREENITD, BOREDADDONE BRI
D7z

—FIhE BEA LB<NT, HEER SEREBEL S
D ET BT — T L = RKKEE, BAREERERO
LT BTN —TORENFNRAREANDE A — b —&
BALT, BEIBE~OF 54 o ~DEBIKOWTIE
FEICEE L ORIBRIIEZ{Ta o/, T OmR5Sppm

DLEOEHBRC>WTRERKEOR Y, BRIRETEI

Fig. 14. Schematic diagram of a commercial
Galvanic cell for use in molten iron.
The lower diagram shows the section of
the thermocouplet3).
@ Zr0O,-CaO @ Si0, @ Cr/Cr,04
@ AlL,O; (B Mortar ® Mo @ Lead
wire Housing @ Lead wire () Ce-
ment () 3p-connecter (2 SiO, @ Ther-
mocouple and @ Compensated lead
wires.

M IHERIZMC R I 5 X Sicic>7z. Fig. 14 1 Cr
& Cr05 HREAWEIEERIC V- BRIREERD
HLMEOL DO EHX TR LTWS. Fig. 14 o Tl
VHIRERIEF OIS O TH 5. IBIR~ OZEE R
8sec T 3~3000ppm O DHIHOMELSE R LIBEH
FIRpCBIE SN B L bl Twa.

Fig. 15 B Z OBFREEM, EHHARESR, XU
REGHE By —7TX VD) O3 2%{lE&G8-bD
Th5 IhELDEFOH TS AT HEBRITHER L
PaEs ST, Wb D%0O, %C, REZHlE
THDOICHAVWLNS. )

I B OEERIRECENO R TS C oA BRI R O
LY THHO.

(1) LDEFREFPFD%OZHE LIER%O % —FEIC
5. (2) REAETMC%OFEEL, VYAF, &IFn
FEORERE OFELT 5. (3) DH, RH L X oiF
NBFFDOUOFEE L, FHAHEDOK T EEED5.
@) BHPDZLF o v 2 T%ORBIEL, 75522
o OF LTS,
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Fig. 15. Schematic Diagram of a commercial lance with combination of the oxygen
concentration cell, thermocouple, and carbon meter from the cooling curvetd.

@®© Steel cap, @ Galvanic cell,
® Connector for cooling curve,

®®W@MWBE paper sleeve, @ (2 & Cement
@®G1) Container walls of molten iron,

®@® Al plate to kill the iron, @ Lead wire, @ Mortar.

@ Temp. display
[eYeY4]s)
(@ Dissolved O displa
0000k
Display board
Temp. recorder @ (Al or Si to be added)
@ o 9000
=i @ Input data .
© B |®
mV/i
mV recorder Console @
Oxygen probe Operating | ype writer
data
Converter

Fig. 16. Computing system to control the
content of soluble aluminum in Al-Si
killed steel and the magnitude of the
deoxidation of Si-semi killed steel by
using the oxygen concentration celldt).

Fig. 16 (K 40) 41)) 13 kL (2) D BHID DD D
DT, #EBOFHAIE L, REHORMEZEEL, Si-
I FNVFPOEA Y FOETFEE 3 bo—v L
9, Al-Si F,v RiAD sol-Algy, ZHET 20icAVD
ha.
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