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1 . 

This invention relates to thermocouples and, 
more particularly, to a combination of alloy 
compositions for the two components of a ther 
mocouple which resist the deteriorative e?ect of 
various furnace atmospheres at high tempera 
tures. ‘ 

The electromotive force developed by any al 
loy at any given temperature is sensitive to 
changes in the nature and quantities of the 
metallic constituents present in the alloy. There 
are other constituents too, of a non-metallic 
nature, which are invariably present in all in 
dustrial alloys and which, if varied, have a marked 
effect in changing the electromotive force of 
a given alloy combination. These non-metallic 
constituents include oxygen, nitrogen and hy 
drogen which are adsorbed by the metallic con 
stituents of the alloy, and they further include 
compounds such as oxides, nitrides, hydrides and 
sul?des which are soluble to a significant extent 
in the matrix of which the alloy is composed. 

It is quite possible, industrially, to manufac 
ture alloys of de?nite composition which will 
produce a de?nite electromotive force within 
specified limits at a given temperature. Both 
metallic and non-metallic constituents can be 
readily controlled, the former by metal additions 
and the latter by oxidizing or deoxidizing agents 
used in the melting operation. As a result, the 
thermocouple alloys reach the ultimate consumer 
with properties conforming to the electromotive 
force which is desired. However, the consumer 
uses these thermocouples for temperature control 
under conditions which frequently tend to alter 
the composition of the thermocouple alloys. 
For example, the atmospheres in industrial fur 
naces are in most cases either oxidizing or re 
ducing. When these atmospheres produce 
changes in the composition of the thermocouple 
alloy, as they invariably do at high tempera 
tures, a corresponding change will occur in the 
thermal electromotive force of the alloy and the 
couple will depart from its initial calibration. 
Further changes due to the formation of oxides, 
carbides, and sul?des can occur. These metallic 
compounds, initially formed on the surface of the 
alloys, can dissolve‘ in the alloys and diffuse in 
from the surface inasmuch as they tend to precip 
itate on grain boundaries within the alloy dur 
ing the cooling cycle and serve as regions for 
further attack by the heated furnace atmospheres 
during a, subsequent heating cycle. Thus, in ad 
dition to changes in the electromotive force of 
the alloys, a general weakening of the structure 
results and the alloys develop brittle properties 
which destroy their usefulness. 

Since both elements of any thermocouple con 
tribute to the electromotive force of the com 
bination, it is essential that both of them resist, 
to a high degree, the destructive changes which 
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2 
have been outlined hereinbeiore. Nothing is 
gained when one element of the thermocouple 
is highly resistant to attack from furnace atmos 
pheres if the other is easily destroyed. The utility 
of the thermocouple is strictly limited to the 
service which can be obtained from the weaker 
member of the alloy combination. 
A thermocouple which has become popular be 

cause of its electromotive force characteristics 
comprises a combination in which the electro 
positive element is a nickel-chromium alloy con 
taining approximately 8 to 10% of chromium 
with other metallic additions in minor amounts 
and the electronegative element is a nickel alloy 
with a manganese content of approximately 3% 
and aluminum and silicon in amounts usually 
not exceeding 2% each. Both of these alloys have 
proven to be subject to attack at high tempera 
tures by a variety of furnace gases to which 
they are exposed. In the original development 
of the nickel-chromium alloy ior thermocouple 
applications, a chromium content of approxi 
mately 9% was used because this addition gave 
the maximum positive electromotive force in the 
nickel-chromium alloy system, and the stability 
of the alloy when exposed at high temperatures 
to furnace gases received subordinate considera 
tion. We have now found that nickel-chromium 
alloys having higher chromium contents, when 
used as the electropositive element of a thermo 
couple in combination with a certain other alloy 
composition as the electronegative element, result 
in thermocouples characterized by stability of 
their high electromotive force in the presence 
of corrosive atmospheres at elevated tempera 
tures. 
The novel thermocouple of our present inven 

tion comprises an electropositive element com 
posed of an alloy containing from 10 to 25%, 
and preferably 18 to 22%, chromium and the bal» 
ance substantially all nickel and an electro 
negative element composed of an alloy contain 
ing from 2 to ‘7%, and preferably 2 to li%, sil 
icon and the balance essentially all nickel. Pres 
ently preferred compositions within the afore 
mentioned ranges comprise electropositive ele 
ments containing from 18 to 22% chromium, up 
to 2% columbium, up to 2% iron, up to 2% man 
ganese, from 0.5 to 2% silicon, from 0.01 to 0.15% 
carbon, not more than 1 other metals than nickel, 
and the balance nickel, and electronegative ele 
ments containing 2 to 4% silicon, 0.01 to 0.15% 
carbon, and the balance substantially all nickel 
except for incidental impurities normally associ— 
ated with nickel. 7 

Within the broad range of useful alloy com 
positions which may constitute the electroposi 
tive element of our novel thermocouples, we have 
found that, regardless of the presence or absence 
of other incidental constituents, increasing 
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amounts of chromium within the range of 10 to 
25% increase the resistance of the alloy to de 
terioration at high temperatures in industrial 
furnace atmospheres but decrease the electro 
motive force of the alloy. Thus, the alloy con 
taining 10% chromium has a ‘higher electro 
motive force but lower deterioration resistance 
than an alloy containing 25% chromium. We 
have ascertained that a chromium content of 
about 20% results in an optimum combination of 
these two characteristics, particularly when used 
in conjunction with the electronegative silicon 
containing nickel alloy component of the thermo 
couple. 
Although the chromium-containing alloys of 

the electropositive element of our novel thermo 
couple are stable and resist attack by strongly 
oxidizing and strongly reducing furnace atmos 
pheres, even the higher-chromium alloys are 
somewhat subject to what is known in the art 
as “green rot” deterioration when the furnace 
atmosphere is of a character intermediate these 
extremes or when the atmosphere is alternately 
oxidizing and reducing in character. Such 
“green rot” can be mini?ed or even eliminated ‘ 
by the addition of 0.2‘ to 2% of columbium or sili 
con, or both, to the alloy composition of the elec 
tropositive element of our novel thermocouple. 
Small amounts of other metals such as iron and 
manganese in amounts up to 2% and carbon in 
amounts from 0.1 to 0.15% may also be present. 
The electronegative thermocouple elements 

which in the past have generally been used with 
a chromium-containing nickel electropositive 
element have been even more susceptible to de 
terioration than the electropositive element and 
have been particularly susceptible to deteriora 
tion in some reducing atmospheres. In such at» 
mospheres, at high temperatures, these prior art 
electronegative elements absorb reducing gases 
which, on alternately heating and cooling, cause 
precipitation of extraneous compounds within the 
grain boundaries of the alloy with resulting grain 
boundary embrittlement. Our investigations 
have disclosed that additions of 2 to ‘7% silicon 
to nickel minify or eliminate the embrittlement 
which otherwise results from exposure to reduc 
ing furnace atmospheres, that in oxidizing at 
mospheres this nickel-silicon alloy gives wholly 
satisfactory service, and that in combination 
with an electropositive element containing from 
10 to 25% chromium and the balance substan 
tially all nickel the resulting thermocouple has 
an effective electromotive force which is substan 
tially unaltered by extensive exposure of the 
thermocouple to both oxidizing and reducing at 
mospheres at high temperature. Since process 
ing problems increase as the silicon content of 
the alloy is raised, we presently prefer to restrict 
the silicon content of the electronegative ele 
ment to between 2 and 4%. Small amounts of 
carbon, say 0.01 to 0.15%, may be advantageously 
incorporated in the silicon-containing element, 
although we have not ascertained that the ad 
dition of any other extraneous metals has any 
bene?cial effect. Thus, except for incidental 
amounts of other metals normally present as 
impurities in nickel, we have found that the al 
loy preferably should be composed substantially 
exclusively of nickel and silicon plus the afore 
mentioned amount of carbon. ' 
The relation between temperature and elec 

tromotive force in a thermocouple of our inven 
tion characterized by outstanding resistance to 
deterioration at high temperature in conven 

5 

40 

60 

70 

75 

tional furnace gas atmospheres is illustrated in 
Table I, the electropositive element consisting 
nominally of 19.5% chromium, 0.05% carbon, 
0.8% silicon, 1.1% columbium, 0.05% manganese 
and the balance substantially all nickel and the 
electronegative element consisting nominally of 
3% silicon, 0.02% carbon and the balance sub‘ 
stantially all nickel. 

Table I 

Electromotive 
Temperature (°F) Force 

(Millivolts) 

The stability of the electromotive ‘force in 'a 
thermocouple of our invention at an elevated 
temperature in different furnace atmospheres is 
illustrated in Table II. In this table, thermo 
couple A embodied our present invention and was 
composed of an electropositive element consisting 
nominally of 19.5% chromium, 0.05% carbon, 
1.2% silicon, 0.5% manganese .and the balance 
substantially all nickel and an electronegative 
element consisting nominally of 3 % silicon, 0.02 % 
carbon and the balance substantially all nickel, 
and thermocouple B was representative of prior 
art alloy compositions and was composed of van 
electropositive element consisting nominally of 
10% chromium and 90% nickel and an elec 
tronegative element consisting nominally of 5% 
total of aluminum, manganese and silicon and 
95% nickel. Both thermocouples were tested in 
the indicated atmospheres after exposure ‘for '18 
‘hours at 2100° F. in the atmospheres indicated. 

Table II 

EXPOSURE 'IN AIR AND TESTED IN AIR 

A -B 

M2‘. M21. 
After 24. 88 After 34. 87 

Before 24. 79 Before 34. 42 

Change +0. 09 ‘ Change. +0. 45 

EXPOSURE IN BURNED FURNACE 
GAS AND TESTED IN CITY GAS 

A vl3 

M1). Mu. 
After» 24. 86 After 34. 86 

Before M. 79 Before 34. 42 

Change +0. 44 Change +0.07 

EXPOSURE IN BURNED FURNACE 
GAS AND TESTED IN AIR 

A B 

Mv. , v‘M11. 
After 24. 82 After 34. 89 

Before 24. 79 Bcfore‘34. 42 

Change +0.03 Change +0. 47 
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It will be appreciated, accordingly, that the 
novel thermocouple of our invention is not only 
resistant to attack by corrosive atmospheres, and 
hence stable under normal operating conditions, 
but is characterized by an electromotive force 
that adapts the thermocouple admirably to ac 
curate temperature measurement of commer 
cially encountered furnace atmospheres. 
We claim: 
1. A thermocouple comprising an electroposi 

tive element composed of an alloy containing 
from 10 to 25% chromium and the balance sub 
stantially all nickel and an electronegative ele 
ment composed of an alloy containing 2 to 7% 
silicon and the balance essentially all nickel. 

2. A thermocouple comprising an electroposi 
tive element composed of an alloy containing 18 
to 22% chromium and the balance substantially 
all nickel and an electronegative element com 
posed of an alloy containing 2 to 4% silicon and 
the balance essentially all nickel. 

3. A thermocouple comprising an electroposi 
tive element composed of an alloy containing 
from 10 to 25% chromium, up to 2% columbium, 
and the balance substantially all nickel and an 
electronegative element composed of an .alloy 
containing 2 to 7% silicon and the balance sub 
stantially all nickel. 

4. A thermocouple comprising an electroposi 
tive element composed of an alloy containing 
from 18 to 22% chromium, up to 2% columbium, 
and the balance substantially all nickel and an 
electronegative element composed of an alloy 
containing 2 to 4% silicon and the balance sub 
stantially all nickel. 

5. A thermocouple comprising an electroposi 
tive element composed of an alloy containing 18 to 
22% chromium, up to 2% columbium, up to 2% 
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iron, up to 2% manganese, 0.5 to 2% silicon, 0.01 
to 0.15% carbon, not more than 1% of other met 
als, and the balance substantially all nickel and an 
electronegative element composed of an alloy con 
taining 2 to 4% silicon, 0.01 to 0.15% carbon, and 
the balance substantially all nickel. 

6. A thermocouple comprising an electroposi 
tive element composed of an alloy consisting of 
19.5% chromium, 0.05% carbon, 1.2% silicon, 
0.5% manganese, and the balance substantially 
all nickel and an electronegative element com 
posed of an alloy consisting of 3% silicon, 0.02% 
carbon, and the balance substantially all nickel. 

7. A thermocouple comprising an electropos 
itive element composed of an alloy consisting of 
19.5% chromium, 0.05% carbon, 0.8% silicon, 
1.1% columbium, 0.05% manganese, and the bal 
ance substantially all nickel and an electroneg 
ative element composed of an alloy consisting of 
3% silicon, 0.02% carbon, and the balance sub 
stantially all nickel. 
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