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Direct Measurement of Oxygen Pressure in High~Temperature Gases.
(Study on oxygen concehtration cells-at high temperature—I)

Kazuhiro GoTo and George R. St. PIERRE

Synopsis: ,

The partial pressﬁre of oxygen of 10-! down to 10-%2 atm. in carbon monoxide-carbon
dioxide and argon-oxygen mixtures has been measured at temperatures-of 800°C, 900°C, 1000
°C, and 1200°C by an oxygen concentration cell method with a solid electrolyte, ZrQ.;-CaO,

which provides pure oxygen anion conduction due to oxygen vacancies at high temperatures
The cells employed are shown below:

( 1) €G- CO;z: FeO-Pt | ZrO,-CaO | FeO-Fe | Pt
(2) CO-CO;:Pt| Zr0,-Ca0 | NiO-Ni | Pt
(3) CO-CO;: FeO-Pt | ZrOs-Ca0 | Cus0-Cu | Pt
(4) Air or Ar-0;: Pt | ZrO,-CaO | NiO-Ni | Pt
It was shown that this method is very convenient in analyzing dxrectly the gas composmon
of CO and CO;, or Ar and O, at the elevated temperatures as well as of other gas mixtures.
Calibration curves of EMF against gas composition are presented. The expected advant-

ages and disadvantages in the case of industrial application are also discussed.
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Table |. Electromotive force measure,t‘ne"'nt“s of = AT ,
' CO-CO; mixtures agamst an Fe-FeO - - I 3 P 1
reference electrode : : 60— T /@0,0 .
. — —— , & w1200°C '
, — 1 C0 | e | I B 1200 o
. : . 100°¢ . k
Data |Temp.| BMF |Flow | 9% | o 1 - ,/,/f? L s
, ratecm3) (gr’il‘P | ~ ' - /// WIOOOC
No. °C mv* | (STP) ) CO; b N A ///’
v ; ‘ /mmn- ; e zdE
[ran | ' Sw s
FF-1 | 1000 |31°85 | 41°87 | 27°0 | 39°20 “ / 77
FF-2 | 1000 |55%95 41°87 | 42°3 50°26  § e A
FF-3 | 1000 '| 75°54 | 41°87 | 6l*6: | 59753 e
FF-4 | 1000 | 9248 41°87 | 83*2" | 66752 NEE = ' FeFeo reference electode
FF-5 | 1000 [104°86 41°87 |1 7210 , : The chain Lines ore |
- , - . - L _ a1 Glculated values
"FF-6 | 1000 |116°65 4187 5| 75°28 ' ' ‘ ‘ , "
FF-7 | 1000 | 3056 | 41°87| 27°5 | 39-64 o | o ! | : i
FF-8 . 1000 | 55°25 41°87 | 445 51°52 20 80 40 50 &0 70 80 %
EF-9 | 1100 | 3116¥*. 41:87.1. 22°3 3475 o Pep cent (0. (n gas phase
FF-10| 1100 | 41°75 41+87 | 27°0 | 39°20 . ) . : .

: R U ‘ Fig. 3. Calibration curve of EMF against 2,CO, - -
FF-11| 1100 | 59°05 | 4187 | 37°2 | 47+05 ~ in gas phase using Fe-FeO reference
FF-12] “11007 | 75°32 " | 41°87 | 489 5387 . " electrode. o
FF-13] 1100 |'85*82 | 41287 | 583 58°20 ,

"FF-14| 1100~ | 94°03. | 41787 |" 67°2 6161 340 : i r
CFF-15] 1100 [101°75 .| :41°87 | 764 | 64°60 . | b
RO . Ni-nio ref’erence ’
FF-16 1100 112°75 | 41°87 | 92°4 68°82 300 . electrode — 4
‘EF-17]| 1100 |130°25 ' 41+87 | 126°1 75°07 ~o | S ’ g ‘
FF-18] 1200 | 41°17 4 :41°87 | 22°3 34+75 \\\c”l"”/"fe”’ velve ,;g,,,a
FF-19/ 1200.[.69°14 . .41°87 | 31°3 4278 - B0 : \\
F F-20| 1200 :82°72 |' 41°87 | 467 52°73 - ,
FF-21| 1200 | 97°64 | 41+87 | 5809 | 58048 = o 2
"F F-22| 12004113153 | "41°87 | 75°9 64°48 <
F F-23| 1200 |123-84 *7.41°87 | 89"9 68°22 «
FF-24/ 1200 }143° 30 .41°87 | 127°5 75°28 & e
FF-25| 1300 |'59°74 | 41°87 | 24°5 | 36°91 M
"FF-26| 1300 (140°87 -| 41°87 | 108°9 72°23 0
F F-27| 1300 |[161°17 | 41°87 | 127°5 | 75°28 )
. ( Y
* . All EMF values in Tables 1,2,3,4 and 5 100 L
. are the ‘average of the four or five readings. 20 30 40 50 .éo, 70 80 90
_** This EMF was obtained by keeping the ~ “Penr cent COz in’gas Phase
,constant ‘temperature and the gas composi- Fig. 4. Calibration curve of EMF against 9,CO;
“tion for ‘11 hours. in gas phase using Ni-NiO reference electrode.
'Table 2. Electromotive force measurements of ‘CO-CC; mixtures
against an Ni-NiO reference electrode.
, _ « — _ co | ‘ B — . v
Data: No. Temp. °C Time (mn) EMF mV Flow rate - | CO, % CO; “-.\.‘
L , . » ; ; cm3(STP)/mn cm3(STP)/mn o
NP-5 1000 . 30 279°56 41787 ‘ 11+3 21425
N P-¢ 1000 ) 20 250+83 4187 25°8 38°15
“N.P-7- 1000 : 80 - 227°18 41°87 417 T 4990
NP-8 1000 - 20 214-80 4187 5347, 56019
NP-9 .. | . 1000 _ | 20 199°43 . 41°87 7278 g 63°49
NP-10 U000 18 \ 188°70 . 4187 .| . 882 . 67°81
NP-11 1000 15 180°01 41°87 2 104°2 7139
"NP-i2 - - 21000 C1B | 167702 4187 . 1131°3 7582
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9,CO; in gas phase using Cu-Cu0
reference electrode.
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Table 3.- ElectromotWe force measurements of CO- COz mlxtures
agamst A Cu CLI2O reference electrode S -
Data No. | ine (mm) | EM T B~
ata No. Temp °C - Tir'n‘e” mn F mV | Flow rate. % O
) _ R v . cm3(STP) /mn cm3(STP)/mn o
FC-1 v 800 15 | 477°87 41+87 - g1-4 66°03
FC-2 800 20 .. 465°65 . A1°87 . - 105°4 71°57 .
"FC-3 800 10 458°47 41°87. See 125°3 74795
FC-4 800. 10 45349 ) 4187 .- " 1409 77°09
FC-5 900 15- 438°74 41487 “140%9 - 77409 -
FC-6 900 110~ . 449°86 - 41-87 1137 7309
FC-7 900 20 460*35 41187 2908 .. .1 68°44 .
FC-8 900 25 470°59 41487 7507 64°39
FC-9 900 25 483769 41+87 :58°3" - 5820
FC-10 900 20 49809 4187 o pooins 74405 5152
FC-11 . 900 28 531°86 4187 2202 3465
FC-12 900 40 56244 41+87 10-2 19°59
FC-13 900 7h45mn 573°53 4187 10°2 19°59
FC-16 1000 35 497°11 4187 " 39°0 48°23"
FC-17 1000 " 20 - 47872 41°87 54°2 56°42
FC-18 1000 20 462°15 41487 74°3 63°96
FC-19 1000 15 45144 4187 89°6 68°15
F C—2_O 1000 15 - 440428 4187 1104 72°50
FC-21 1000 15 427°52 4187 : - 140°9 77209 -
Table 4. Electromotive force measurements of Table 5. Electromotlve force measurements of
air and pure oxygen mixtures against’ Ar-0; mixture gas against AN Nl
"AN Ni - NiO reference electrode. NiO reference electrode.
. , . . Flow rate/Flow rate | L
Data | Time | Temp. | BMF |Direction of  Data "ot g, | of A % Op |EMF mV
No (mn) °C mV approaching No. cc/mn cc/mn :
, : : - | equilibrium ~ ‘ : - : ’ 3
: PN-28 119°7 O 10000 v 683°02
- PN-1 15 800 63839 | downward PN-29 119°7 0 " 100°00 682°55 .
PN-2 5 900 63925 4 PN-30 1197 33°7 7803 . 676° 78 PX
PN-3 3 1200 506°03 7 P N-31 80°0 ' 337 70*36 674° 19“,
P N-4 5 1300 - 464°04 4 PN-32 63°9 337 6547 67212
PN-5 2 1300 464°04 upward PN-33 . 49+3 33°7 5940 669°05
- PN-6 2 1200 506°07 4 P N-34 327 -33°7 4925 . 663°34
PN-7 2 1100 57416 U PN-35 1 206 33°7 3794 658°56
PN-8 2 1000 59084 7 PN-36 | . 12°3 337 26°74 |  645°10
PN-9 2 900 | 63627 ” S ‘ :
PN-10 2 800 68735 ;/ ’ 00 o :
PN-11 2 700 729°45 4 : _ ' T
PN-12] 2 7000 | 731*56 4 \ \ \ | cotuorerence ciectroc
~ PN-13 1 800 | 66884 | downward st . -
: Against . Calcu[atea’ volue at 900%C l
CaLcuLatec/ value at 8oo°c
Q. (Pure) R , ‘
P N-28 10 - 9@0 683°02 — g &0 — :
P N-29! 131h40mn| 900 682°55 - ~
PN-14 1 1000 636°81- | downward 'y \ ¢
PN-15] 3 1100 595°40 4 ] & \
P N-16 1 1200 552°33 4
PN-20) 5 1300 513°31 o a0 |
Fig.4, Fig.5 Ui[r‘]if%ﬁ:iﬂl%%v%’ﬂ‘?iﬁﬁﬂi%ﬁ’b%% %00, - %W _ 50"
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Fig. 6. EMF against temperature for air and
pure oxygen measurements.
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On the Thermal Stress of Ingots during Heating Process.

(Study of thermal stress cracks in steel ingots—II)

Synopsis:

Takahivo HARA

During the heating process thermal stress arises in the steel ingot because of two main
causes; i. e. the temperature difference within the ingot and the volume change caused by

the transformation. .

In this report author tried te relate theoretically the method of calculating the thermal
stress under high temperature. As the deformation under high temperature is accompanied
by not only elastic strain but plastic strain also, it is very difficult to determine the thermal
stress. Here the author denotes the deformation in elastic-plastic range by a nonlinear
integral equations and by introducing the conception of equivalent total strain he calculates
the stress and the plastic strain through a comparatively easy successive integration.

For the calculation of the stress during transformation range the author regards the curve
of the expansion values as three straight lines and these three lines denote the three stages
of transformation i. e. the pre-, mid- and post-transformation stage and so he makes calcula-
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