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A/6 . 
UNITED STATES PATENT OFFICE 

2.71.975 
TEMPERATURE RESPONsvEDEvice 

Chester ... all, Schenectady, N. Y., assignor to 
General Electric Company, a corporation of 
New York 

Application April 4, 1940, serial No. 327,901 . 
12 Claims. (CL 201-yof Ge. 

his invention relates to temperature respon 
sive devices, and it has for its object the provil 
sion of an improved device of this character and 
method of making it. 
This application is a continuation-in-part of 

my copending application, Serial No. 281,858, 
fled June 29, 1939, which is assigned to the same 
assignee as this application. 
More specifically, this inventioni contemplates 

the provision of a temperature responsive device 
which may be used, for example, to control an 
electric circuit in accordance with temperature, 
the responsive device being provided with an ele 
ment the resistance of which varies with ten 
perature, that is, one having, for example, a high 
initial resistance that is reduced as the tempera 
ture of the element increases. And this inven 
tion contemplates the provision of an improved 
temperature responsive device of this character 
which is extremely sensitive to temperature 
changes; which may be operated through a very 
wide temperature range, and at very high ten 
peratures; one which will provide extremely 
large variations in resistance with small temper 
ature changes; one that will give constant resist 
ance values and characteristics when manufac 
tured and also after long continued service, that 
is, a control device which is reliable and stable 
in its operation; and one which is simple, rugged, 
and mechanically strong; and it further con 
templates an improved method of making the 
control device that insures a reliable and uni 
form product, and which may be manufactured 
cheaply with comparatively simple manu 
facturing methods. 
In accordance with this invention, a suitable 

temperature sensitive resistance material is 
highly compacted, and is intimately bonded with 
its electrodes that are suitably prepared in ac 
cordance with this invention to insure the inti 
mate relationship between the highly compacted 
resistance material and their surfaces that con 
tact the material. One of the electrodes may be 
in the form of a casing housing the insulating 
material, and preferably will be arranged so that 
it may be placed directly in contact with the 
medium or body to whose temperature the device 
is responsive. In this manner, the time required 
for the transfer of heat from the body or medi 
um to the temperature sensitive material is 
greatly reduced. ' , 
The resistance material in granular form is 

highly compressed, preferably in relatively short 
sections, and while in contact with the electrodes. 
It is suitably heat-treated to sinter it into a 

-o ---. 
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compact, coherent mass having uniform density 
throughout and having considerable mechanical 
strength. This mass is bonded to the electrodes 
so as to be in intimate thermal and electrical 
contact with them. For this purpose, the elec 
trodes before the sintering operation will have 
been provided with s of a flux and an ox 
ide of the electros ng the sintering op 
eration, these coatings coal th the resist 
ance material so in effect the resistance ma 
terial is sintered into a coherent mass with the 

... electrodes. . 
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The temperature sensitive device forming the 
subject matter of this application may be em 
ployed either as an element of a pyrometer or 
thermostat, that is either as a device to record 
temperature or to control temperature. Any 
suitable means may be used to determine the 
resistance of the device and hence inferentially 
the temperature to which it is subjected. By 
way of example, if the device is connected in 
Series circuit with a source of potential, the cur 
rent flow in the circuit will vary in functional 
relation to the resistance. Hence, a current 
measuring device connected in the circuit may 
be graduated to read directly in temperature. 

Likewise, the device may be used in conjunc 
tion with control devices to regulate automati 
cally the temperature to which it is exposed or 
to control an agent or medium in accordance 
with that temperature. Such control devices 
may be actuated directly or in conjunction with . 
the measuring devices previously referred to, 

For a more complete understanding of this 
invention, reference should be had to the accom 
panying drawings in which Fig. 1 is an elevation 
of a temperature responsive device arranged in 
accordance with this invention; Fig. 2 is an en 
larged fragmentary sectional view of the device 
of Fig. 1; Fig. 3 is a diagrammatic view illustrat 
ing the resistance-temperature relationships for 
various resistance materials used as the temper- . 
ature sensitive element; Figs. 4, 5 and 6 are ele 
vations illustrating certain devices used in mak 
ing the control device of Figs, 1 and 2, the eleva 
tion in Fig. 4 being in section; Fig. 7 illustrates 
diagrammatically a heating member used to 
heat-treat the temperature sensitive element in 
accordance with this invention; Fig. 8 is a dia 
grammatic representation showing the relation 
ship between the resistance of the control device 

- and time that is effected in one of the heat-treat 

55 

ing steps used in making the control device; Fig. 
9 is a view similar to Fig. 1, but showing a modi 
fled form of this invention, and having parts in 
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section; Fig. 10 is an enlarged sectional view of 
the modified form of the invention shown in Fig. 
9; Figs. 11, 12 and 13 are diagrammatic views 
illustrating certain means for modifying the 
fundamental relationship between temperature 5 
and resistance of the control device of this in 
vention; and Figs. 14, 15 and 16 are curves 
showing the changes in the fundamental resists 
ance characteristics of the control device effected 
by the controlling elements shown in Figs. 11, lo 
12 and 13 respectively. 
Referring to Figs. 1 and 2, this invention has 

been shown in one form in connection with a 
temperature control device for controlling the 
circuit of an electric furnace (not shown). As 15 
shown, the control device comprises a cartridge 
O which is provided with a pair of electrodes 
and 2 spaced from each other. The inner 

electrode is in the form of a core, while the 
outer electrode 2 is in the form of a cylinder, 20 
closed at One end, as shown. Interposed between 
the electrodes and embedding the inner end of 
the electrode f is a mass formed of resist 
ance material having a negative temperature co 
eficient. s 
The material of which the inner and outer elec 

trodes if and 2 is made may vary widely, the 
maximum temperature at which the control de 
vice is to Operate being One of the chief factors 
to be considered in selecting the material that 30 
will be used; for example, for temperatures rang 
ing between zero and 800 F. a metal known as 
"Monel' may be used, while if the temperature 
range should vary between 100 and 1000' ... it is 
preferable to use nickel. 35 
The material 3 will be chosen in accordance 

with the characteristic temperature-resistance 
curve desired, and also so as to provide an in 
sulating mass having substantially the same 
thernal coefficient of expansion as have the elec- 40 
trodes that will be used. For a particular de 
aired temperature-resistance curve and where 
nickel electrodes are used, a mixture of mag 
nesium oxide, sodium silicate and copper oxide 
SS will be used having a ratiobyweight of 45 
25 of copper oxide to 2.52 of magnesium oxide 
and 17 of sodium silicate. The sodium silicate 
is made up of silicon oxide and sodium oxide, and 
it is preferable that these materials shall be in the 
ratio of approximately 1:322, although this ratio 50 
may be varied to give different desirable physi 
cal characteristics. 

Diferent temperature-resistance characteris 
tice and coefficients of thermal expansion may be 
obtained by varying the proportions of the in- 55 
Eredients used. Generally it is preferable to 
vary the percentage of the copper oxide in the 
mixture. Fig. 3 illustrates how the resistance 
characteristics will vary with temperature with 
different ratios of copper oxide. Curve a corre- 60 
sponds to the above example where the resistance 
has a ratio by weight of 25 of copper oxide, to 
252 of magnesium oxide and 147 of sodium 
silicate; curve b is the curve of a resistance 
where the ratio by weight of copper oxide is 0.6 
changed to 1; c where it is changed to S; and 
d where it is changed to 6. When the ratio 
of copper odde is varied to control the resistance 
characteristics, the ratio of magnesium oxide to 
sodium silicate should be substantially constant 70 
for the various resistances. - 

owever, the percentages of magnesium oxide, 
sodium silicate and copper oxide all may be varied 
to obtain different temperature-resistance char 
acteristics, and to provide different coefncients of 

expansion. Mixtures of Ind 
sodium scate alone, without any copper oxide, 
may used in different proportions to obtain 
different desired characteristic curves and coef 
cients of expansion; and still other variations 
may be had by substituting zirconium oxide, 
annum oxide and the like for the magnesium 
oxide, and using zinc oxide, nickel oxide, chro 
mium oxide and the like in place of the copper 
oxide. A wide range of temperature-resistance 
characteristic curves, and coefficients of expan 
sion may be obtained by selecting different ones 
of these materials and using them in different 
proportions. 
The resistance 3 is highly compacted and the 

various ingredients of the resistance are sintered 
to each other and are also intimately bonded to 
the outer surfaces of the inner electrode and 
to the inner surfaces of the outer electrode 2. 
The control device thus far described is made 

as follows. The inner surface of the outer elec 
trode 2 and the outer surface of the inner elec 
trode are covered with an oxide layer. This 
may be and preferably is accomplished by heat 
ing these surfaces with a flame in air. And then 
while these surfaces are heated a quantity of a 
suitable flux, such as sodium silicate, is dusted 
on these surfaces in the form of a powder. This 
powder will dissolve and combine with the oxide 
to EEEEE of the oxide and silicate on the surfaces of the electrodes. 
The Outer electrode 2 is then mounted in a 

form 4 (Fig. 4) having great mechanical 
strength. This form 4, as shown, is provided 
with a hole or recess is which will have such a 
diameter that the outer electrode 2 will have 
a sliding fit with it. A measured quantity of 
the resistance material 3 in granular form is 
then poured into the outer electrode 2. ' 

It is to be understood that it is desirable that 
the material be in the form of fine granules 
that will pass through a 200 mesh screen. 
Moreover, the granular ingredients which make 
up the material must be thoroughly mixed. 
Furthermore, it is desirable that these materials 
be chemically pure and anhydrous. Before the 
granular mixture be used, it is preferable that it 
be heated for about 3 hours at around 400° E. in 
order to drive of any moisture that may have 
been absorbed by the mixture while it is being 
handled, and preferably it will be introduced into 
the electrode 2 while still hot. 

After the measured quantity of the mixture has 
been placed with in the outer electrode 12, it is 
subjected to a great pressure by means of a suit 
able plunger, such as the plunger 6 shown in 
Fig. 5. Preferably, the mixture will be con 
pressed at about ten tons per square inch. This 
forms a small tablet T in the inner end of the 
electrode 12, as shown in Fig. 4 and as indicated 
in dotted lines in Fig. 2. It will be observed that 
the lower end of the plunger B which contacts 
the resistance granules is conical so that the 
tablet T will be provided with an upper coni 
cal surface, as shown. - 
The inner electrode is then placed in the 

outer electrode 2 while the latter is still in the 
form. f. The conical upper surface of the tablet 

functions to center the lower end of the inner 
electrode . 
Then the remainder of the resistance material 
will be highly compacted into the spaces be 

tween the electrodes f and 2. Preferably the 
entire quantity will not be introduced at one 
time, but only small quantities, that is, short sec 
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at the lower part of the assembly to remain por 
ous. Each amount of the resistance material 
that is put in the electrode 2 is subjected to a 
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pressure of around ten tons per square inch. In 
compressing these measured amounts of the re 
sistance material a plunger , such as that 
shown in Fig. 8, will be used. As shown, this 
plunger is provided with a passageway 
throughout its length; this passageway receives 
the inner electrode while the plunger is used 
to compress the resistance powder, and it func 
tions to center the inner electrode ff during the 
compressing steps. . . 
The assembly of the two electrode and 2 

and the compressed resistance material is 
then removed from the form 4. Generally a 
considerable force is required to remove the as 
sembly and the form f is provided with an aper 
ture 2 through which a suitable instrument (not 
shown) may be inserted to drive the assembly 
from the form. The assembly of the two electrodes and 
and the compressed resistance material is then 
placed in a suitable furnace, such as an electric 
furnace, where it is heated for about one hour 
at a temperature of around 950' . It is 
brought up to this temperature from room tem 
perature relatively slowly so that any moisture or 
water which might be contained in the powder 
will not generate steam which might blow out or 
disturb portions of the powder. Preferably, it 
should require about one hour to bring the unit 
up to this temperature of 950 F. This heating 
operation drives out any moisture which may, 
have been picked up by the resistance material, 
or which may not have been driven out by the 
previous drying out step referred to above. 
The assembly of the electrodes and resistance 

powder may be heated in this manner in a tube 
2 as shown in Fig. 7. This tube has one end 
closed and the other end open, and is sufficiently 
long to receive the entire cartridge unit . 
Preferably, the walls will be made of a suitable 
high temperature porcelain material. The tube 
and cartridge assembly preferably will be heated 
in a high temperature electric furnace. 
After the assembly has been heated for one 

hour at 950 F. the energy rate to the furnace is 
increased so that in a period of about two hours 
a high sintering temperature will be reached. 
This temperature while high should be well below 
the melting temperatures of the materials. For 
the above specific example having a ratio by 
weight of 25 of copper oxide to 2.52 of magne 
sium oxide and 1.47 of sodium silicate a sintering 
temperature of around 95 will be used. The 
assembly is held at this temperature for about 
ten minutes and then is permitted to cool down 
slowly to a temperature of about 109F, where 
it is held for about 16 hours, after wifeh it is 
permitted to cool. ... r 
One end of the furnace 2 is left open during 

the above-described heating steps so as to ex 
pose the resistance material within the outer 
electrode 12 to a normal air atmosphere, while 
the outer surfaces of the electrode 2 are in an 
atmosphere substantially free from oxygen. It 
is important that the contents of the electrode 
2 be thus exposed to air, particularly where one 

0 

5 

tendency to go back. 

heating it is found that the co 
form CuO has a tendency to reduce to copper 
oxide in the oria CuO. 
higher resistance than the former and is not 
stable in An air atmosphere at high tempera 
tures. Thus, in the air atmosphere it has 

the first for CuO . 
The sintering operation causes 

of the granular mixture to intinately coaleice 
with each other and with the coatings that 
provided on the inner surface of the outer 
trode 2 and the outer surface of the inner 
trode so as to form a coherent mass of 
ance material which is intimately bonded 
the surfaces of the electrodes and 2. 
ing the switching operation, the coatings 
vided in the electrode actually sinter wi 
particles of the granula mixture so that in 
the resistance material 3 is formed into 
herent mass with the electrodes. 
The assembly then is allowed to "age" at a 

medium high temperature and for a relatively 
long period of time, and in "aging" it is desirable 
that the interior of the assembly be exposed to 
an air atmosphere. The same furnace 2 may be 
used for "aging.' With the resistance material 

the 

mixture of the above example, the assembly is 
aged at a temperature of around 1000 to 1100 F. 
and for a period of about 40 to 50 hours. The 
aging temperature is selected so as to be some- . 
what higher than the ultimate temperature at 
which the element is to be operated. While the 

35 

unit is "aging" an electrical current of about 
twenty milliamperes is caused to pass through 
the resistance material between the electrodes. 
The amount of current may be varied somewhat, 
but at present I prefer to use around twenty 
millian perces. The aging process causes all of 

Fig. 8. 

O 

the copper oxide in the form of CuO, which has 
riot reverted to CuO, to go back to this stable 
form. This stablizes the resistance. The effect 
of this "aging' treatment is shown graphically in 

Here the resistance at the end of the 
fring is likely, to be higher than the stabilized 
resistance, as shown by the curve, but after about 
40 to 50 hours of aging it will drop down and 
will become stable due to the conversion of the 
copper oxide from the form CuO to CuO, More 
over, I have found that the aging process greatly 
improves the joint or bond between the elec 
trodes and the resistance mass. 
The assembly after "aging' is then assembled 

with an extension tube 22 which is used to sup 
port the cartridge in assembled relation with 
the medium whose temperature is to be con 
trolled, and which tube may be formed of any 
suitable material, such as steel. For example, if 
the control device is to be used to control the 
temperature of an electric furnace, the tube 22 
will be passed through the furnace wall so as to 
hold the cartridge O in position to be immersed 
in the furnace atmosphere. The length of the 
supporting tube 22 will depend, of course, upon 
the particular application of the control element 

. Preferably, the tube 22 will be threaded on 
the electrode 2, as shown, the electrode and tube 
having relatively fine interfitting threads. The 
threaded joint between the electrode and tube 
will be sealed by a suitable high temperature 
cement which is placed on the threads before 
they are threaded together. 
A suitable lead 23, which preferably will be 

formed of nickel, is brazed to the inner electrode 
2 and extends outwardly through the tube 22. 

of the ingredients is copper oxide, because in as This lead is provided with a covering 24 of a suit 
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able electrically insulating material, such as 
asbestos. 
The outer end of the tube 22, that is its right 

hand end as viewed in Figs. and 2 is closed by 
means of an electrically insulating terminal block 
2s which, as shown, is fitted over this end like a 
cap. The block 25 is made of any suitable na 
terial, such as a suitable asbestos board. This 
terminal block is provided with an aperture 28 
through which the lead 2 is passed and it carries 
a terminal 2 (Fig. 1) to which the lead is brazed. 
The terminal block 25 also carries a terminal 20 
to which the lead 29 is electrically connected. 
This lead 29 is directed through an aperture O 
provided for it in the terminal block and it is 
welded, as shown, to the outer surface of the tube 
22, the tube 22, of course, constituting a con 
tinuation of the outer electrode 2. 
The terminal block is secured by means of a 

set screw 30a; and the joint between the block 
25 and the outer surface of the tube 22 and be 
tween the inner walls of the channel 26 and the 
lead 23 are covered with a suitable electrically in 
sulating sealing cement, such as a suitable alkyd 
resin. 

In the form of the invention shown in Figs. 9 
and 10, the cartridge 3 is provided with inner 
and outer electrodes 32 and 33 which are both in 
the form of cylinders closed at one end, as shown. 
Here the two electrodes are separated by a mass 
34 formed of the resistance material having a 
negative temperature coefficient and which male 
terial will be the same as the material S of the 
first form. 
The cartridge 3 is made in substantially the 

same way as the cartridge le. Thus, the inner 
walls of the outer electrode and the outer walls 
of the inner are provided with coatings compris 
ing the oxides of the electrode walls and a suita 
ble flux, such as sodium silicate; the resistance 
material 34 is prepared in the same way as the 
material 3; the electrode 3 is placed in a form 
and a tablet of the resistance material, similar to 
the tablet T, is formed in its inner end; the inner 
electrode is inserted with its tapered end fitted 
in the tablet; and the rest of the resistance ma 
terial 34 is then compressed into place. The as 
sembly is then given the treatments described in 
connection with the first form, whereby a CO 
herent mass of sintered resistance material 3 is 
provided embedding the inner end of the elec 
trode 32 and integrally united with the surfaces 
of the electrodes which it contacts. Here, a sup 
porting steel tube 35 is secured to the outer end 
of the electrode 33. In this case the tube 35 is 
welded to the electrode. An insulated lead 36 
has its inner conducting end welded to the inner 
electrode 32 while its outer end is passed through 
a conducting bolt 37 which has a central pas 
sageway, as shown, for receiving the lead. This 
outer end of the lead is soldered to the outer end 
of the stud 37. This stud 87 passes through an 
insulating terminal block or head 8 formed of 
any suitable electrically insulating material, such 
as asbestos board. As shown, this member 38 has 
a centrally arranged aperture through which the 
stud 3 passes. 
A second terminal stud 9 passes through an 

aperture provided for it in the head 8, as shown 
and the head of this stud is welded to the Outer 
wall of the tube 35 through the medium of a 
conducting strip 40 which is welded both to the 
head and to theside wall of the tube. The head 
is secured by means of a set screw , and prefers 
ably will be sealed to the inner walls of the tube 7. 

0. 
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sistance of the cartridge is indicated R1 
series resistance Ra be placed in the controlled 25 

30 

40 

s 

5. 
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on the fundamental 

35 and to the stud 37 by means of a suitable 
electrically insulating cement, such as alkyd 
resin. l 

It will be understood that for my given ten 
perature responsive cartridge having a particular 
temperature sensitive resistance the cartridge 
will have a fundamental temperature-resistance 
relationship. That is, the resistance of the ele 
ment will drop rapidly with temperature in 
crease, along a fixed curve, which is incapable 
of modification after the cartridge has once been 
produced since the slope of the curve and the 
actual values of the coordinates are dependent 
entirely upon the quality and kind of resistance 
material, used and the process through which it 
has been carried. For example, with a specific 
cartridge, the resistance of the element will vary 
with temperature as shown by the solid curve in 
Fig. 14. At times, it is desirable to modify the 
shape of this curve and this may be accomplished 
by suitable controlling resistances inserted in the 
controlled circuit in which the controlling car 
tridge is placed. Referring to Fig. 11, the re 

If a 

circuit, as shown diagrammatically in Fig. 11, 
the high temperature end of the curve alone is 
affected, as indicated in dotted lines in Fig. 14. 
This is because a fixed series resistance becomes 
proportionately a lower ratio of the total re 
sistance as the temperature is reduced. 
On the other hand, a parallel resistance will 

affect only the cold end of the curve since its 
ratio of effectiveness is entirely negligible when 
the control element resistance R is low. Fig. 12 
shows a resistance R connected in parallel with 
the resistance R, and Fig. 15 shows in dotted 
lines the effect of the addition of this resistance 

temperature-resistance 
C.We 
In Fig. 13 both a series resistance R5 and a 

parallel resistance R4 are used. In this case one 
resistance is effective at one end of the curve and . 
the other at the other end so as to modify the 
slope of the curve throughout, as shown in 
Fig. 16. 

It will be understood, of course, that the effec 
tiveness of the controlling resistances may be 
varied as desired by any suitable adjusting means 
so that the slope of the fundamental character 
istic curve for any particular cartridge elemen 
may be varied. 

It will be observed that I have provided a tem 
perature control element which is extremely sen 
sitive to temperature changes. The sensitive re 
sistance is in intimate thermal relation with its 
outer electrode which functions as a casing to 
bring it into contact directly with the medium 
whose temperature is to be controlled; the par 
ticles forming the resistance sensitive element 
are Compacted under a tremendous pressure and 
are sintered so as to form a compact, coherent 
mass. This coherent compacted body is bonded 
and substantially integrally united with the sur 
faces of the outer electrode which is immersed in 
the medium whose temperature is to be con 
trolled which insures a minimum time lag in the 
response of the control device to temperature 
changes. Moreover, the resistance mass is bond. . 

O ed with the Outer electrode and also with the 
inner electrode to effect a very good electrical 
connection between these members. In addition, 
the unit is mechanically strong and will with 
stand considerable abusage before it will be dam 
aged, far more abusage than will be encountered 
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in its controlling applications; it is stable and 
durable; and is physically small so that its range 
of application is materially extended. It will also 
be observed in view of the foregoing description 
of the method of making this unit that relatively 
simple manufacturing steps are used. In add 
tion to this, the construction of the element in 
its various parts and the method whereby these 
parts are assembled insure a uniform product. 
It has been found that the elements made in 
accordance with this invention are duplicates of 
each other and that they have the same resist 
ance and other characteristics; the controlling 
elements made in accordance with this invention 
not only are the duplicates of each other at the 
time of manufacture, but retain substantially the 
same operating characteristics after a very long 
life. 
While I have shown particular embodiments of 

my invention, it will be understood, of course, 
that I do not wish to be limited thereto since 
many modifications may be made, and I, there 
fore, contemplate by the appended claims to 
cover any such modifications as fall within the 
true spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A temperature responsive device comprising 

a tubular metallic electrode closed at one end, a 
second metallic electrode inserted in said tubular 
electrode and spaced from its Walls, and a tem 
perature sensitive resistance material within said 
tubular electrode embedding the inner end of 
Said Second electrode formed of a preselected 
mixture of granular magnesium oxide, sodium 
silicate and Copper oxide, the granular particles 
of Said mixture being highly compressed and 
sintered into a coherent mass and bonded inti 
mately with the surfaces of said two electrodes, 

2. A temperature sensitive device comprising 
spaced metallic electrodes, a sintered mass of 
temperature sensitive granular resistance mate 
rial between surfaces of said electrodes, said sur 
faces being provided with fluxed coatings int 
mately bonded with said surfaces and also sin 
tered into a coherent mass with said sintered 
granular resistance material. 

- 3. A temperature responsive device comprising 
a tubular metallic electrode closed at one end, 
a second metallic electrode inserted in said tul 
bular electrode and spaced from its walls, gran 
ular resistance material within said tubular elec 
trode embedding the 'inner end portion of said 
Second electrode sintered into a coherent mass 
that is bonded intimately with surfaces of said 
electrodes, a tubular supporting extension sup 
porting said outer electrode, a lead connected to 
Sald inner electrode extending through said tu 
bular extension, a lead connected to said tubular 
extension, an insulating member closing said tu 
bular extension and having apertures through 

35 

() 

5. 

a time and highly compressing each quantity of 
the materia after it has been added and before 
the next quantity has been added, and then firing 
at a high temperature to sinter said granular re 
sistance material. 

5. The method of making a temperature re 
sponsive device having a pair of spaced electrodes 
joined by a temperature sensitive resistance ma 
terial formed of magnesium oxide, sodium sili 
cate, and copper oxide which comprises mixing 
granules of said materials together, placing them 
between said electrodes, compressing said gran 
ules to highly compact them while in contact 
with said electrodes, heating said compacted 
granules slowly until a temperature of around 
950 F. is reached in about one hour, holding 
said temperature for about one hour, increasing 
said temperature in about two hours to around 
1975'., and holding said temperature for around 
ten minutes, and then permitting said resistance 
material to cool. 6. The method of making a temperature re 
sponsive element having a pair of spaced elec 
trodes joined by a temperature sensitive resist 
ance material formed of magnesium oxide, so 
dium silicate, and copper oxide which comprises 
mixing granules of said materials together, heat 
ing said granules at a temperature of around 
400" F. for about three hours, placing said gran 
ules while heated between said electrodes, com 
pressing said granules to highly compact them 
while in contact with said electrodes, then grad 
ually raising the temperature of said compacted 
granules in about one hour to a temperature of 
about 950 F. and holding said temperature for 
about one hour, increasing the temperature of 
said compacted granules so that in about two 
hours it reaches a sintering temperature of 
around 1975 F. and holding said temperature for 
around ten minutes, and then permitting said in 
sulating material to cool to a temperature of 
around 1100' . and holding said temperature for 
about sixteen hours. 

7. The method of making a temperature re 
sponsive device having spaced metallic electrodes 
and a temperature responsive element formed of 
a sintered granular temperature sensitive resist 
ance material between then comprising forming 
on the surfaces of said electrodes that shall con 
tact said resistance material coatings consisting 
of a mixture of a metallic oxide and a flux that 
are capable of being sintered to said granular 
resistance material, compressing granules of said 
resistance material into a dense mass in contact 
with said coatings, and then sintering said gran 
ules to cause them to coalesce with each other 

. and with said coatings, 

which said leads pass, and means for sealing the 
joints between said electrode and said extension, 
and between said extension and said closing 
member, and also for sealing said closing member 
to said lead that extends from said inner elec 
trode. 

4. The method of making a temperature re 
sponsive device which comprises inserting a 
metallic electrode into a tubular metallic elec 
trode that has one end closed so that the first 
named electrode is in spaced relation with the 
walls of the latter, inserting granular tempera 
ture sensitive resistance material into said tu 

ings 

8. The method of making a temperature re 
sponsive device having spaced metallic electrodes 
and a temperature responsive element formed of 
a temperature sensitive resistance material be 
tween then comprising heating surfaces of said 
electrodes so as to form an oxidized layer on 
said surfaces, applying a quantity of fluxing mas 
terial in powdered form to said oxidized layers 
while heated to cause said material to unite with 
said layers, and form coatings capable of being 
sintered, compressing granules of said resistance 
material into a dense mass in contact with said 
coatings, and then highly heating the assembly 
of electrodes and said dense mass to sinter the 
granules into a coalescent mass with said coat 

5.The method of making a temperature re 
bular electrode in relatively small quantities at 75 sponsive device having spaced electrodes and a 
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temperature sensitive resistance element joining 
said electrode which comprises forming a tubular 
electrode, and also a second electrode adapted to 
be inserted in said first electrode in spaced relate 
tion - with its walls, inserting a quantity of said 
resistance material in said first electrode, highly 
compressing said material to form a relatively 
small capsule in the bottom of said electrode and 
so that it has a centrally positioned depression, 
placing said second electrode with one end re 
ceived in said depression, highly compacting the 
remainder of said resistance material in a series 
of pressure steps between said electrodes, and 
then highly heating the assembly of electrodes 
and resistance material so as to form a substan 
tially coherent mass of said resistance material. 

10. The method of making a temperature re 
sponsive device having spaced electrodes and a 
temperature sensitive resistance element joining 
said electrodes which comprises forming a tu 
bular electrode and a second electrode adapted to 
be inserted in said first electrode in spaced rela 
tion with its walls, inserting a quantity of a mix 
ture of magnesium oxide, sodium silicate and 
copper oxide granules in predetermined propor 
tions in said first electrode and highly compact 
ing said granules in the spaces between said elec 
trodes, and highly heating the assembly of elec 
trodes and granules to sinter the granules into a 
coherent mass while maintaining a non-oxidizing 
atmosphere outside of said assembly and an oxi 
dizing atmosphere within said first electrode. 

11. The method of making a temperature re 
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sponsive device having a pair of spaced electrodes 
joined by a temperature sensitive resistance ma 
terial formed of magnesium oxide, sodium sili 
cate, and copper oxide which comprises mixing 
granules of said materials together, placing then 
between said electrodes, compressing said gran 
ules to highly compact them while in contact 
with said electrodes, heating said compacted 
granules slowly until a temperature of around 
950 F. is reached in about one hour, holding 
said temperature for about one hour, increasing 
said temperature in about two hours to around 
1975 F. and holding said temperature for around 
ten minutes, and then permitting said granules 
to cool down to a temperature of around 1100 . 
and holding it at this temperature for around 
sixteen hours, and therif "aging" said resistance 
material from around forty to fifty hours at a 
temperature of around 1000 to 1100 F. 

12. The method of making a temperature re 
sponsive device having a pair of spaced electrodes 
joined by a temperature sensitive resistance ma 
terial formed of magnesium oxide, sodium sili 
cate, and copper oxide which comprises mixing 
granules of said materials together, placing them 
between said electrodes, compressing said gran 
ules to highly compact them while in contact 
with said electrodes, heating said compacted 
granules to sinter then into a coherent mass, and . 
"aging' said mass at a temperature of around 
1000 to 1100 F, for about forty to fifty hours. 
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