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57) ABSTRACT 
An improvement is provided in a probe of the type in 
cluding a cell disposed in a Vycor cell tube, and hav 
ing a metal wire connected thereto. The probe, in use, 
is provided with gaseous oxygen as the reference gas 
so that it may be used for directly determining the 
amount of free oxygen gas in molten metal. The im 
provement involves providing a self-contained solid 
oxygen-gas source and a vent tube within the Vycor 
tube. The self-contained solid oxygen-gas source may 
be a Group II A metal peroxide, e.g., bariumperoxide, 
which decomposes at the operating temperature of the 
probe to generate substantially pure gaseous oxygen at 
a pressure of one atmosphere or more while leaving a 
residue having substantially no vapor pressure at that 
temperature. The solid oxygen-gas source decomposes 
at the operating temperature of the probe to bathe the 
cell with continuously flowing reference oxygen gas. 
The vent tube is disposed with one open end near the 
cell and with the other open end outside the cell tube. 
The vent tube ensures that oxygen which is produced 
is at a pressure of one atmosphere, and that the oxy 
gen gas replaces any other gas, e.g. air which is in the 
cell tube. 

10 Claims, 2 Drawing Figures 
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OXYGEN PROBE WITH SELF-CONTANED 
SOURCE OF OXYGEN GAS, METHOD OF USE AND 

OXYGEN GENERATING COMPOSITION 
THEREFOR 

FIELD OF THE INVENTON 

l. General Nature 
This invention relates to an improvement in a probe 

for the direct determination of a gas, dissolved in a mol 
ten metal. It is more particularly directed to such im 
provements in a probe for the direct determination of 
oxygen dissolved in molten steel. 

2. The Prior Art 
Selective oxidation and subsequent dcoxidation form 

the basis of many commercially important extraction 
metallurgy processes. Consequently, the determination 
of the oxygen content of molten metals, for example, 
iron, iron alloys, steel, nickel, nickel alloys, copper, or 
copper alloys, has received considerable attention. 
Methods heretofore used for such oxygen determina 
tion were based on the doubtful hope that samples 
taken from the melt, then solidified and subsequently 
analyzed would be representative of conditions in the 
melt. The results which were obtained gave the total 
amount of oxygen and required several minutes for the 
analysis in a laboratory adjacent to the area from where 
the melt sample was taken. 

In recent years, the art has provided apparatus for de 
termining the content of the soluble or dissolved oxy 
gen in molten metals by making use of the principles of 
galvanic oxygen concentration fuel cells. Such mea 
surements have generally been by the use of half-cells 
which involve the presence of a gas on the reference 
side of the electrolyte and the gas which is dissolved in 
the molten metal on the other side of the electrolyte. 
Examples of such half-cells include: an electrolyte em 
bedded in a ceramic sleeve surrounding the covering 
surface of the electrolyte; an immersible, hollow, stabi 
lized zirconia cylinder, closed at the immersion end, 
using air as the reference electrode; such a cylinder in 
cluding the covering of the enclosed, hollow cylinder of 
gas impermeable-zirconia, on both the inside and the 
outside, with gas-permeable zirconia; a fused silica tube 
with a stabilized zirconia disc tip as the solid electro 
lyte, sheathed by a sleeve sheath of graphite, and pro 
tected from contact with the slag by means of a metal 
disc; and a pre-cast plug of the electrolyte located in a 
temperature-resistant non-conducting carrier tube so 
as to project from, and outwardly seal, the carrier tube. 

In all the examples noted above, there was the prob 
lem of sensitivity to thermal shock which caused crack 
ing of the electrolyte. In addition, other problems in 
cluded: the high cost of zirconia tubes; the preheating 
or slow heating of the electrolyte which introduced a 
time delay, and thus rendering the zirconia tube suit 
able for research purposes but not for, e.g., steel mills, 
since it could not be used in a direct test; the difficulty 
of fusing the preformed zirconia disc into the quartz 
tube; and the difficulty in maintaining adequate contact 
of the electrical lead or leads with the electrolyte. It 
was thought that thermal shock could be avoided by re 
ducing the mass of the electrolyte, but this has not been 
found to be universally effective. 
An improved form of electrolyte for such probe 

found to reduce thermal shock was provided in Cana 
dian Pat. No. 895,537 issued Mar, 4, 1972 to Faur 
schou, et al. The electrolyte was provided in the form 
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2 
of compacts sufficiently impervious to transport of mo 
lecular oxygen and of controlled density, e.g., at least 
about 75% relative density. However, the necessity for 
providing a continuous source of air as a reference gas 
involved the use of awkward flexible tubes, conduit 
connections, meters, etc., which complicated the struc 
ture of the probe needlessly. 
One suggestion for obviating the necessity for provid 

ing a continuous source of air was provided in Cana 
dian Pat. No. 8 15,672 issued June 17, 1969 to M. 
Olette and C. Gatellier. In that patent, the reference 
substance itself contained oxygen whose partial pres 
sure at various temperatures was known. Examples in 
cluded a mixture of an oxide with a metal or one or 
more oxides, for example, a mixture of Ta and TaC. 
However, the use of such probe brought about other 
problems not inherent in the use of a probe having a 
gaseous oxygen reference. 
Another suggestion for obviating the necessity for 

providing a continuous source of air was provided by 
Canadian Pat. No. 91 1,530 issued Oct. 3, 1972 to G. R. 
Fitterer, who disclosed the use of CO gas. At the ele 
vated temperatures to which the probe is usually sub 
jected, the carbon dioxide dissociated into gaseous oxy 
gen, to provide a reference gas which was a mixture of 
undissociated carbon dioxide, as well as the dissociated 
products, carbon monoxide and oxygen. This mixture 
of gases having different molecular weights, led to an 
undesirable thermal diffusion effect, in which heavier 
gases tended to concentrate at the colder areas. Since 
the emf gencrated using carbon dioxide as the refer 
ence gas was dependent on the temperature, a very ac 
curate measurement of the temperature had to be 
made simultaneously with the emf measurement. Thus, 
because of inherent advantages of the use of gaseous 
oxygen reference gas, namely, lack of dependence on 
temperature, it would still be desirable to provide a 
built-in source of oxygen gas. 

AIMS OF THE INVENTION 

An object, then, of a principal aspect of this inven 
tion is to provide an improvement in the probe to pro 
vide a probe tip which contains a source of gaseous ox 
ygen reference gas which gas is released at the operat 
ing temperature of the probe. 

SUMMARY OF THE INVENTION 

Broad Statement of the Invention 

By one broad aspect of this invention, an improved 
probe tip sub-assembly for a probe for the direct deter 
mination of a dissolved gas in a molten metal is now 
provided. It includes the following now conventional 
elements, namely: a heat-resistant, substantially electri 
cally non-conductive cell tube; a cell, comprising a pre 
formed solid electrolyte compact which retains its ionic 
conduction properties and which does not exhibit sub 
stantial electronic conduction properties at the temper. 
ature of the molten metal, secured at one open end of 
the eel tube; and at least one electrically conductive 
metallic element in intimate electrical contact with the 
eell. The improvement comprises disposing within the 
cell tube, a mass of a source of oxygen gas, which oxy 
gen referenee gas is generated at the operating temper 
ature of the probe, while leaving a residue having no 
substantial vapor phase at the operating temperature of 
the probe and a vent tube disposed with one open end 
near the eell, and with the other open end outside the 
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cell tube. The vent tube ensures that oxygen which is 
produced is at a pressure of one atmosphere, and that 
the oxygen gas replaces any other gas, e.g., air which is 
in the cell tube. 

VARIANTS OF THE INVENTION 

Structurally, the mass of the source of oxygen gas is 
preferably provided as a preformed hollow cylinder 
made from the selected oxygen-releasing material, the 
cylinder being preferably disposed around the vent 
tube. As noted above, the vent tube is disposed with 
one open end adjacent the preformed solid electrolyte 
cell, the vent tube extending outwardly from, and being 
secured within, the aft end of the cell tube. 
The solid source of oxygen, gas is any Group II A 

metal peroxide (e.g., a peroxide of beryllium, magne 
sium, calcium, or barium) which decomposes at the op 
erating temperature of the probe to generate substan 
tially pure gaseous oxygen at a pressure of one atmo 
sphere or more while leaving a residue having substan 
tially no vapor pressures at that temperature. The solid 
source which is preferred is barium peroxide. The bar 
ium peroxide, when subjected to heat, experiences sub 
stantially no oxygen evolution at temperatures below 
about 500°C. However, the rate of decomposition in 
creases with increasing temperature, reaching a maxi 
mum at a temperature of about 850°C. The reaction is 
substantially complcted at about 925°C. The residue 
(barium oxide) has no substantial vapor phase at the 
operating temperature of the probe. 
Barium peroxide powder is difficult to press together 

to form a manageable compact. It is therefore neces 
sary to mix the barium peroxide with a suitable binder 
in order to enable the barium peroxide to be pressed. A 
suitable binder is one which is compatible with the bar 
ium peroxide and also must not decompose at the oper 
ating temperature of the probe to produce any material 
which would interfere with thc operation of the probe. 
One suitable such binder is sodium silicate, in soluble 
form, as, e.g., sodium metasilicate, anhydrous. (Na2 
SiO); sodium metasilicate pentahydrate; sodium ses 
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quisilicate (Na2SiO, anhydrous); sodium orthosilicatc 
(NaSiOa2NaOH, or 2NaO'SiO, anhydrous or 2Na 
O'SiO'Si4HO); and water glass (Nao'375SiO, to 
2NaO'SiO, with various proportions of water). 

In addition, in order to produce compacted barium 
peroxide by a press, a suitable lubricant must be in 
cluded with the barium peroxide and the binder. A suit 
able lubricant is one which is compatible with the bar 
ium peroxide and binder and must not decompose at 
the operating temperature of the probc to produce any 
material which would interfere with the operation of 
the probe. One suitable such lubricant is talc. (Talc is a 
natural hydrous magnesium silicatc of the formulac 
MgSiO(OH) or 3MgO'4SiOHO, other forms of 
such lubricant include magnesium silicate (3MgSiO5 
HO with a ratio of 2MgO: 5SiO) and magnesium tri 
silicate (not less than about 20% MgO nor 45%. SiO). 
While it is preferred to provide the solid source of 

generated oxygen as a pressed hollow cylinder of bar 
ium peroxide, it is possible to use the solid source in 
other physical forms. It is essential, however, that when 
the solid source of oxygen decomposes to form gaseous 
oxygen, the residue does not come into contact with 
the surface of the cell around the electrical wire and 
hence shut off the reference oxygen. This may be done 
by supporting the solid oxygen source on a suitable car 
rier. A suitable carrier would be any of the now con 
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4. 
ventional solid catalyst supports, e.g., high surface area 
silica, alumina, silica-alumina or zeolites. For example, 
the barium peroxide could be mixed with the water 
glass, and then coated onto the carrier and then be 
dried. The product so formed could be suitably placed 
within the heat-resistant, substantially electrically non 
conductive cell tube. 
However, it is preferred to provide the barium perox 

ide as a pressed hollow cylinder supported on, or se 
cured to, the vent pipe. Such pressed hollow cylinder 
may be formed in the following manner: 
A predetermined amount of barium peroxide is thor 

oughly mixed with a measured amount of sodium sili 
cate having a silica-to-alkali weight ratio of about 3.22 
and a viscosity of about 180 centipoise. These ingredi 
ents are continuously agitated and mixed thoroughly to 
a damp coarse sand consistency. The mixture is not al 
lowed to set while it is dried. The air drying could be 
accelerated by oven drying at controlled temperatures. 
The dried mixture is screened through various mesh 
screens ranging from about 40 microns to about 420 
microns to eliminate extra coarse and extra fine parti 
cles. Such particles are unsuitable for the subsequent 
pressing. 
Such mixture is not necessarily capable of becoming 

pressed into a predetermined sized pressed hollow cyl 
inder without the addition of a dic lubricant. Such die 
lubricant must be compatible with both the barium per 
oxide and the binder. One suitable such lubricant is 
talc, which should be free of abrasive impurities and 
possibly also be “Air Floated' and suitable for tablet 
making. The lubricant could be used in amounts up to 
about 20% by weight, depending on the size and weight 
of the pressed hollow cylinder. 

In one variant of this aspect of this invention, a plug 
assembly is provided for the probe described above, the 
plug assembly including the sub-assembly described 
above, in combination with a plug which is formed of 
heat-resistant, substantially electrically non-conductive 
material, the plug having a longitudinally extending 
passage with the cell tube being disposed and sealed, 
with such passage. 
There is some criticality in the disposition of the 

probe-tip sub-assembly in the passage in the plug and 
this is dependent on the location of the solid mass of 
oxygen-generating material in the cell tube. The pre 
formed solid mass of oxygen-generating material must 
be so situated that it receives a suitable amount of radi 
ant heat from the melt immediately, but also that it 
does not receive so much heat that it decomposes sub 
stantially completely to release the reference oxygen 
gas too quickly. For example, if the barium peroxide is 
in the form of a hollow cylindrical pellet secured to the 
vent tube, the sub-assembly is secured within the pas 
sage of the plug so that the barium peroxide is shielded 
by the plug mass, i.e., the forward end of the barium 
peroxide is substantially coextensive with, or slightly 
behind, the forward end of the plug. If the barium pers 
oxide is situated too far forwardly (towards the solid 
electrolyte cell), the oxygen is generated for too short 
a period of time. Consequently, the signal em, f, deteri 
orates rapidly, and may be completely deteriorated be 
fore thermal equilibrium is reached. If the barium per 
oxide is situated too far rearwardly, the oxygen is gen 
erated too slowly. Thus, the cell takes an excessively 
long time for the signale.m. f. to stabilize. 
'The various features of Canadian Pat, No, 895,537 

which are ancillary to the present invention are incor 
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porated herein by reference. Such features include, but 
are not restricted to, the nature of the solid electrolyte 
material, the nature of the heat-resistant, substantially 
electrically non-conductive cell tube, the nature of the 
electrically conductive metallic element, the proce 
dures for making the electrolyte compact, the nature of 
the heat-resistant plug material, and the other features 
associated with the disposable probe and replaceable 
lance. 
By another variant of this invention, a method is pro 

vided for providing a continuous supply of gaseous oxy 
gen reference gas during the use of a probe for the di 
rect determination of oxygen in molten steel involving 
the use of a solid electrolyte and a galvanic oxygen fuel 
cell principle, the method comprising: providing a pre 
formed compressed mass of barium peroxide within a 
restricted zone including the solid electrolyte; decom 
posing the barium peroxide by the heat of the molten 
metal; and using the gaseous oxygen so-produced firstly 
to sweep stagnant gas from the zone at the base of the 
solid electrolyte, and secondly, to bathe the solid elec 
trolyte with such flowing generated oxygen gas. 
The probe is designed to be fitted on a probe lance to 

facilitate insertion into the melt, the probe being se 
cured to the replaceable lance tip by an easily discon 
nectable mounting preferably in the manner taught in 
Canadian Pat. No. 895,537. The electrical connection 
between the lance handle and the readout unit is 
through a conventional electrical cable. 
The vent tube may be made of any suitable inert ma 

terial. Such a material can be, for example, mullite, 
Vycor or ceramic. (Vycor is the Trade Mark for a glass 
made by a process in which an article fabricated by 
conventional methods is chemically leached to remove 
substantially all of the ingredients except silica. When 
fired at high temperatures a transparent glass of high 
softening point and extremely low expansion coeffici 
ent is produced. 

Physical properties: Softening point approximately 
1,500C. Temperature limit in service, 900°C. Linear 
coefficient of expansion per C, 0.0000008; sp.gr. 2.18; 
refractive index 1.458. A similar glass, No. 7910, will 
transmit over 60% radiation at 254 millimicrons in 2 
mm section. 
The barium peroxide preform is disposed around the 

vent tube and secured thereto by a suitable cement. 
Any suitable cement may be used. One suitable cement 
is water glass, used in a small amount. 
The heat-resistant substantially electrically non-con 

ductive cell tube is selected from those recited in Cana 
dian Pat. No. 895,537 disclosed above. Preferably, 
however, it is Vycor. 
The solid electrolyte of the cell is selected from those 

recited in Canadian Pat. No. 895,537 disclosed above. 
Preferably, however, it is lime-stabilized zirconia. 
The preformed cell is preferably made by the pres 

sure compacting and sintering techniques recited in 
Canadian Pat. No. 895,537 disclosed above. 
The metallic element is selected from those recited in 

Canadian Pat. No. 895,537 disclosed above. Prefera 
bly, however, it may be a Pt-Rh alloy wire, of such rel 
ative proportions of Pt to Rh as to give a minimal low 
thermal offset. 
The plug is formed of a heat-resistant, substantially 

electrically, non-conductive material selected from the 
those recited in Canadian Pat. No. 895,537 disclosed 
above. 
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6 
DESCRIPTION OF THE DRAWINGS 

Brief Description 
In the accompanying drawings, 
FIG. 1 is a central longitudinal cross-section of a plug 

assembly of one aspect of this invention, provided with 
the probe tip sub-assembly of another aspect of this in 
vention; and 
FIG. 2 is a graph of time as abscissa with e.m.f. in mil 

livolts as ordinate of e.m. f. reading with a representa 
tive number of cells of the present invention, compared 
with the cell of Canadian Pat. No. 895,537. 

DETAILED DESCRIPTION 
As seen in FIG. 1, the plug assembly includes a probe 

tip sub-assembly 28 secured with a plug 22. Plug 22 is 
formed with three coaxial interconnecting, longitudi 
nally extending passages, namely first frusto-conical 
passage 24, second horn-shaped passage 25, and third 
cylindrical passage 26. Secured with first passage 24 by 
means of refractory cement 27 is the probe tip sub 
assembly 28. Such sub-assembly 28 includes an outer 
tube 29 formed by Vycor. Vycor tube 29 contains, at 
its outer end, a constriction 30, and heat-sealed within 
constriction 30 is a cell 31 comprising a premolded 
mass of sintered solid electrolyte. Jammed into a dead 
end hole 32 at the inner end of cell 31 by an interfer 
ence fit is the spherical end 33 of an electrical lead wire 
34, which preferably is a platinum-rhodium alloy. 
Disposed within outcr tube 29 is a vent tube 35 pref 

erably formed of mullite, Vycor or ceramic. Tube 35 
extends from close to the junction of cell 31 and wire 
34 to beyond the inner end of outer tube 29. Disposed 
around vent tubr 35 at a preselected distance from ei 
ther end thereof is a hollow preformed cylindrical pel 
let 36 of the solid oxygen reference gas releasing agent, 
i.e., of the pressed hollow cylindrical pellet of barium 
peroxide/water glass/talc, prepared as described specif 
ically hereinabove. The plug 36 is secured to the vent 
tube 35 by means of refractory cement 37, and the vent 
tube 35/pellet 36 unit is secured within outer tube 29 
by a plug 38 of refractory cement. 
Wire 34 passes through vent tube 35 and is secured 

within passage 26 by contact sleeve 39 which is formed 
of steel. 
The preformed cylindrical cell 31 may be made as 

follows: 
A binder, e.g., about 6% polyvinyl alcohol and about 

/2% die lubricant is mixed with lime-stabilized zirconia 
powder, initially of -325 mesh. The mixture is spray 
dried to change the shape of the granules to spherical. 
The particles are then sieved to recover and use only 
those passing a -200 mesh Tyler screen. Those spheri 
cal particles are formed into a suitably shaped tablet, 
having the dead-end hole at one end thereof. It is first 
heated to drive off the fugitive binder and then is sin 
tered. 

It will be seen that the probe tip sub-assembly is se 
cured within hole 24 of plug 22 in such a way that the 
front face 9 of pellet 36 is approximately coextensive 
with front face 8 of plug 22. Thus, when plug 22 is 
heated the bariumperoxide pellet 36 begins decompos 
ing, and the initially formed oxygen sweeps out the 
stagnant air at the base of cell 31 within tube 29 by way 
of vent tube 35. Continued generation of oxygen ena 
bles the oxygen to bathe the cell 3/contact wire 34 
junction continuously and be expelled through vent 
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tube 35. The usual time. for recording readings is about 
10 - 15 seconds. The amount of barium peroxide in the 
pellet 36 is sufficient to provide a generated oxygen 
supply for about 30 seconds. 

8 
Other Variants of the Invention 

In one production version of the plug assembly of the 
present invention, the vent tube is a 1/16 O.D. by 1/32 

In one such system as tested, expendable probes, a 5 I.D. mullite tube. The Vycor tube is secured to the ce 
tubular steel lance, and electrical leads were provided, ramic plug by means of Hiloset H. 160 cement. (Hiloset 
along with control circuitry, with the e.m. f. being re- is the Trade Mark for a superduty bonding mortar 
corded using a chart recorder. The probes had a tubu- which is wet, but is air setting. It has the following addi 
lar steel body coated with suitable refractory material. tional characteristics: 
The tests were carried out in the manner described in 10 
Canadian Pat. No. 895,537 to determine the Oxygen Refractoriness Cassification Super-Duty. When tested at 
content of molten steel in a laboratory type induction 291.0°F. mortar did not flow 
f w Th sults of th sts are as foll from pier joints. urnace. The results of the tests are as follows: Water Content (Per ASTM C-92). Shipped Wet 92). 

Standard Air Ref. BaC). Ref. 
(Canadian Pat. No. 895,537) 
Test Nics. e.m.f. ()() ()(x-x) Test No. e.m. f. ()00{x-x) 

12 2 1.07() 36 
3 ()2 144 4 ()78 196 
5 (). 4 6 ()66 4. 
7 2} 144 8 1.56 64 
9 () 8 () () 1065 
11 1.012 6. ()) 
13 ()2 l4 1.65 1 
5 (){2 36 ()62 4 
17 (.99()) 18 O6() 
9 ()()4 f 2) (65 
2 Oc 64 2. (72 4. 
23 24 (68 16 
25 ()()4 26 (6) 
27 1.13 25 28 ()4. () 

y O2 36 3) (63. 
3. (){e 4. 3. ()72 64 
33. . . Of 34 ( 1.040) 
35 ( .98 ()) 36 O6) 
37 1.() () 38 ()6) 
39 O)4 4() ()6 4 

Ot). h4 42 65 
43 ()()() 64 44 ()58 3. 
45 (()() 4. 46 ()67 9. 
47 O)8. () 48 4 
49 (O2 36 5() ()6() 16 

xe1() =Smy. x=i)64 O=5.1 mv 

Approximate. Weight. Per Sq.Ft. 
As applied As A 150' Coating als. 

a 1 rri Approximate Weight Required 

The above tests were carried out to compare the per 'S' 6637, SGSS. 35)-400 lbs. 
formance of an air reference (using the probe disclosed Packaging 00 and 200-lb. drums 
and claimed in Canadian Pat. No. 895.5 37 as the refer- as Bond Strength Modulus of Rupture 
ence) with the probes of the present invention (using a 4. Temperature lbs./Sc.n. 
pressed barium peroxide pellet as an oxygen genera- 20°E. 8S)-20); 
tor). The temperature of the test ranged from: 1,600F. E. 570-90) 
(for tests 1-3); 1585F. (for tests 4-7); 1,592F. (for SE SS 
tests 8 - 12); 1,605F. (for tests 3 - 201600l 600°F. 2250°F. 455-150 

s (for tests 21 - 32); and 1,605°F. (for tests 32 - 50). 50 255. 850-250 2732°F. 725-2).5 
FIG. 2 shows the recorder chart trace for tests 39 - 45. 29 (F. 2795-329) 

It is seen that once equilibrium is established, both Chemical Analysis: 
the standard probes and the probes of this invention , $5: 
gave a substantially constant e.m. f. reading for about F5, 167 
10 seconds. Furthermore, it can be calculated that the 55 TiO, 5 

f. d d by f as is 65 CO 0.59 e.m.I. developed by an oxygen reference gas 1s w MgO ().23 
greater than that developed by an air reference gas. It Alkalies 4.OS 
is seen that this theoretical difference is approximately Ignition Loss 3.08) 
met. 
In addition, it is noted from the fifty tests in the table, 60 The spacing of the end of the mullite vent tube from the 

that the average e.m. f. reading for the standard air ref- rear face of the sensor cell is a minimum distance of 
erence probe is 1.008 with the standard deviation being 1/16 in. The position of the barium peroxide pellet 
6.5 mv. On the other hand, the average e.m. f. reading from the rear face of the sensor cell is a minimum of 
for the oxygen reference probe of the present invention 1 1/32 in. The front face should not extend beyond the 
is 1.064 mv with a standard deviation of 5.1 mV. It is 65 face of the cement, but can be up to 4 inch behind the 
also noted that with both types of probes the readings 
of e.m.f. were not identical since the furnace used in 
the test did not maintain a constant O level in the melt. 

cement. The wire lead is Rh/Pt, which is balled and in 
serted in the sensor cell. A stainless steel clip is inserted 
in the plug to retain the wire lead. 
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The barium peroxide pellet sub-assembly is assem 
bled as follows: 
The BaO reference is secured to the mullite tube 

with sodium silicate at each side of the BaO. It is al 
lowed to dry, then the assembly is fed over the Rh/Pt 
wire lead. It is inserted 6 mm. in the Vycor tube and the 
rear end is cemented. It is allowed to dry. It is inserted 
in the plug and finally, it is cemented in position as 
shown. 
The following is the sequence of assembly operation: 
1. Fuse cell in closed over Vycor tube and inspect. 
2. Ball wire lead and insert in cell and Vycor assem 

bly. 
3. Assemble BaO reference and vent tube assembly 
to Vycor and cell assembly. 

4. Cennent rear end of assembly, and allow to dry. 
5. Thread wire through ceramic plug and secure wire 
with stainless steel clip. 

6. Finally cement self-contained reference assembly 
to ceramic plug and bake. 

SUMMARY 

Thus, it is seen that the probe of an aspect of the 
present invention was more reliable and had less scatter 
than the air reference probe. Accordingly, at the par 
ticular oxygen and temperature levels, the probe of an 
aspect of the present invention is at least as good as the 
air reference probe. 
From the foregoing description, one skilled in the art 

can easily ascertain the essential characteristics of this 
invention, and without departing from the spirit and 
scope thereof, can make various changes and modifica 
tions of the invention to adapt it to various usages and 
conditions. Consequently, such changes and modifica 
tions are properly, equitably and "intended' to be, 
within the full range of equivalence of the following 
claims. 
We claim: 
1. In a probe tip sub-assembly for a probe for the di 

rect determination of a dissolved gas in a molten metal 
of the type including: 

a. a heat-resistant, substantially electrically non-con 
ductive cell tube; 

b. a cell, comprising a preformed solid electrolyte 
compact which retains its ionic conduction proper 
ties and which does not exhibit substantial elec 
tronic conduction properties at the temperature of 
the molten metal, secured at one open end of said 
cell tube; and 

c. at least one electrically conductive metallic ele 
ment in intimate electrical contact with said cell, 
the improvement which comprises: a solid source 
of a reference oxygen gas generating agent dis 
posed within tube (a), said solid oxygen gas gener 
ating agent comprising a Group II A metal perox 
ide, which decomposes as it passes through a tem 
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perature within the range of about 850°C - 925°C, 
thereby to generate substantially pure gaseous oxy 
gen at a pressure of one atmosphere or more, said 
solid being adapted to generate substantially pure 
reference oxygen gas at the operating temperature 
of the probe while leaving a residue having substan 
tially no vapor phase at said operating temperature; 
and a vent tube, one open end of which is adjacent 
said cell (b), the other open end of which projects 
beyond the end of the cell tube (a). 

2. The improved sub-assembly of claim 1 wherein the 
solid oxygen gas generating agent is barium peroxide. 

3. The improved sub-assembly of claim 2 wherein the 
barium peroxide is in the form of a preformed com 
pressed pellet derived from an intimate mixture of bar 
ium peroxide, aqueous sodium silicate solution and 
talc. 

4. The improved sub-assembly of claim 3 wherein 
said compressed pellet comprises a hollow cylindrical 
pellet of said barium peroxide surrounding, and se 
cured to, a peripheral area of said vent tube, adjacent 
the mid-point of said tube. 

5. The improved sub-assembly of claim 4 wherein 
said vent tube is secured to the cell tube by refractory 
Centent. 

6. A plug assembly for a probe for the direct determi 
nation of a dissolved gas in a molten metal, comprising 
the sub-assembly of claim 4 in accordance with a plug, 
said plug being formed of heat-resistant, substantially 
electrically non-conductive material, said plug being 
provided with a longitudinally-extending aperture, and 
wherein said cell tube (a) is disposed, and sealed, 
within said longitudinally-extending aperture. 

7. A method of providing a continuous supply of gas 
eous oxygen reference gas during the use of a probe for 
the direct determination of oxygen in molten steel in 
volving the use of a solid electrolyte and a galvanic oxy 
gen fuel cell principle, said method comprising: provid 
ing a preformed compressed mass of a Group II A 
metal peroxide, within a restricted zone including said 
solid electrolyte; decomposing said peroxide by the 
heat of the molten metal; and using the gaseous oxygen 
so-produced firstly to sweep stagnant gas from a zone 
at the base of the solid electrolyte, and secondly to 
bathe the solid electrolyte with said flowing, generated 
Oxygen gas. 

8. The method of claim 7 wherein the peroxide is bar 
ium peroxide. 

9. A composition for forming the sub-assembly of 
claim 3 comprising: the intimate admixture of barium 
peroxide, aqueous sodium silicate and talc, in the form 
of Screened, dried particles of 40 - 425 microns in size. 

10. The composition of claim 9 in the form of a 
molded compressed hollow cylinder. 
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