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F2RRUS ALLC? TAERIVEOCOUPLE 
EEAE 

i? oaaiii S. Eich, Philadelphia, Pa., assignac to 
i.eeds & Norting (Co3 aparay, Paiafeigpaia, Pa., 
a scorporation of Per Asylvania, 

& Clairas. 
a ::tes to ferrois alloys as ele 

inents of the ceilies thieradictions for 
geneia uses, inciadii; g ingre particularly nea S 
isinent, which ter; 2 acidition coinehends 
indication, recording and controlling) of ten 
ceratures within the range froin to 900 C., 
Ore or less. 
For many years, it, has been the practice, par 

ticuliary for reasurement of temperatures sig 
ificant in indistrial processes, to utilize base 

ifetal therinocouples one of whose eleinents con 
sisted of a Coppar-nickei alloy such as 'constan 
ta,2,' approximately 55% copper and 45% 
nickel, and the other or associated element con 
Sisted of an iron or ferrous alloy, more particu 
larly finild or low-ecarbon steel, commonly char. 
acterized by a carbon content of less than .5% 
by Weight. Because such thermocouples gener 
ally are Stjected to rough usage aidi also to 
contamination by ambient gases, they eventu 
ally faii, either mechanically because of such 
Sage, Of elegtrically because of contamination 
whic: affects their voltage-itemperature chair 
acteristics; in consequence of either type of fail 
ure the thermocouples must ice replaced after a 
eiiod of Seftil life short as compared with the 

life of their associated measuring instruments. 
Being so Suliject to relatively frequent replace 
irients, it is desirable the thermocouples be rei 
2-tively inexpensive and that their elements con 
Sisi of flaterials readily available and of definite 
reproducible compositions to ensure aiways 2. 
predetermined definite voltage - terriperature 
characteristic. It is and has been usual prac 
tice to calibrate the associated measuring in 
Struments in terms of temperature, which in 
pOSes the requirement the voltage-tenperature 
characteristics of the thermocouples made from 
Successive batches or lots of element materials 
shall be substantially identical, to avoid need 
for inherently expensive or economically inad 
visable recalibration of the measuring instru 
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mium, the amounts or percentages by Weight of 
those present then and ever since eing un 
known; and, more particularly, there were then 
and now are unknown the amounts of that One 
or more of the aforementioned alloying materis 
als Which, as hereinafter shown, is or are of na 
terial iniusence on the Voltage-temperature 
characteristic and/or deviations thereof from a 
straight or other line of reference of Slope Con 
parable with the average slope of the Voltage 
temperature characteristic. At the time of early 
adoption of aforesaid characteristic, the effects 
of the respective aforesaid alloying elements 
upon the Voltage-temperature characteristic and 
its deviations Were not appreciated, and the 
"iron’ utilized for the One element of a, thermo 
couple was an indefinite alloy of such iron, low 
carbon steel, as then currently and regularly 
produced by steel manufacturers as a commod 
ity to be fabricated for purposes respecting 
which the gompositions or variations thereof as 
between different batches or melts were of no 
importance, though cf great importance re 
specting thermocouple Lises. In brief, the Wari 
ations in compositions of the so available irons 
GE iow-carbon stees dig fi, affect, their utility 
for mechanical purposes, gut, were of serious ef 
fects from the Viewoit f ineiro couple uses. 
Throughout the perict f : M 3Sequent to 
aforesaid adCiCi) : air Citage-ten 
perature charactser as been cit non with 
manufacturers of io 
relatively large Figgi 
ing new steel; and Wiiii Saii perio the Se of 
scia steels for mechanical purposes as become 
nore and more coinnon. With the result that the 
number and arnouts of one or nore og the al 
loying elements above pointed to, and coming in 
via the scrap steel or otherwise, has increased 
even in the case of low-carbor. Steels or So 
called “irons' here of inport. Aid, in any event, 

ments with which were associated the couples 
to be replaced, and, in the case of recorders, to 
avoid need for printing new chart papers or 
record sheets therefore, 
The present voltage-temperature curve or 

characteristic of One of the iron-constantan 
thermocouples largely utilized in practice was 
adopted nearly thirty years ago, at which time 
the available so-called "iron' was a low-carbon 
steel whose components, in addition to the ele 
ment iron, comprised many of Such common al 
loying elements as copper, nickel, carbon, man 
ganese, phosphorus. Sulphur, silicon, and chro 
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whether or not their compositions were now 
known, the irons or low carbon steels, upon 
which were predicated aforesaid thermoelectric 
characteristic adopted many years ago, are not 
snow generally or at all manufactured or availe 
able; in short, it is now necessary to look to 
irons or steels of new compositions which, at 
least in most cases, are unsuitable for thermo 
couples unless materially modified. 

Certain of the alloying elements aforesaid 
have found greatly affect the Voltage-tempera 
ture characteristics: for example, I have found 
that copper if present in amounts represented 
by percentages greater than 0.10, as great 

  



2 
effect upon the voltage-temperature character 
istic, and cannot be removed or eliminated in 
the metallurgical processes of manufacture of 
low-carbon steels for general uses. 
In consequence of the variations of composi 

tions of the "iron' or low-carbon Steels avail 
able from steel manufacturers, unmodified in 
respect to any particular non-ferrous compo 
nent or components and so being practically in 
tolerable for thermocouple uses, there has been 
a gradual and persistent change in the voltage 
temperature characteristics of thermocouples 
employing the unmodified low-carbon Steels pro 
curable on the market; this has made it increas 
ingly difficult to obtain low-carbon steels for 
matching, with satisfactory or necessary accu 
racy, those upon which were predicated the 
aforementioned voltage-temperature character 
istic long ago adopted and still widely used. 
It is an object of my invention to provide fer 

rous alloys, including "iron' and low-carbon 
steel alloys, which, when comprised in a thermo 
couple with another element of known composi 
tion or thermoelectric behavior, Will, as a couple, 
have a predetermined voltage-temperature char 
acteristic which may be one newly selected or de 
sired, or which, and importantly, will match. With 
all needful accuracy any voltage-temperature 
characteristic or thermoelectric behavior, hereto 
fore or hereafter known or used, of any thermo 
couple having one element either of a ferrous al 
loy or of any other material having generally like 
thermoelectric behavior. 
More particularly, it is an object of my inven 

tion to provide, for the purposes aforesaid and 
herein described, an inexpensive commercially 
available "iron' or low-carbon steel alloy of Such 
new or different composition, predicated upon 
modification of composition of a commercially 
available so-called "pure iron' or a low-carbon 
steel, which as so modified and when associated 
with an element of either pure platinum, or of 
constantan or the like of known composition or 
of known thermo-electric characteristics, will have any predetermined voltage-temperature 
characteristic, new or old. 
A further object of my invention is to so modify 

the compositions of ferrous alloys, including 
those of substantially or so-called pure irons in 
cluding commercial irons in general and low 
carbon steels, as to procure desired new or old 
thermocouple voltage-temperature characteris 
tics; and, more particularly, to effect the modi 
fications of the compositions by adding one or 
more elements or materials having the effect of 
changing to desired extents the voltage-tempera 
ture relations of said characteristics, and/or de 
viations of said characteristics from any chosen 
reference standard. 
My invention resides in ferrous or "iron' al 

loys, utilizable as elements of a thermocouple, in 
the method of producing them, and in other as 
pects, as hereinafter described and claimed. 
In assistance to an understanding of my in 

vention, reference is had to the accompanying 
drawings, in which: 

Fig. 1 is a graph including the voltage-temper 
ature characteristic of a ferrous alloy compre 
hended in my invention; and 

Fig. 2 is a graph illustrative of the influence 
upon the voltage, at a chosen temperature, of ad 
ditions of various percentages of various metals 
and non-metals to a ferrous alloy of known con 
position. 

O 

2,825,759 
Figs, 3 and 3A are tables referred to in expla 

nation of the invention. 
In Fig. 1, C is a characteristic curve whose 

ordinates are millivolts and whose abscissae are 
temperatures in degrees centigrade, of a thermo 
couple whose elements consist of pure platinum, 
as a usual reference element, and an iron, low 
carbon steel (having the composition shown in 
column 3 of Fig. 3 significantly different as here 
inafter explained from the compositions of Table 
A) which low-carbon steel alloy is typical of the 
low-carbon steel alloys comprehended in my in 
vention, particularly when to be used with or 
"against” some other base metal, such as a con 
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stantan of known thermoelectric behavior, such 
as of composition as shown by Table B. 
(The slope of the straight line drawn through 0° 

and 500 C., referred to in column of Fig. 3A, 
of the "Desired or ancient' characteristic, is 
0.05478 millivolt per degree C.) 

TABLE A-Steel 

Column lav- Column 2 av erage voltage erage voltage 
too high too low 

Per cent 1 Per cent 
Carbon---------------------------- .04 .054 
Manganese. .27 .35 
Phosphorus. .015 .013 
Sulphur----- - .017 .040 
Silicon---- - Less than .005 Less than .005 
Nickel.-- - - - - - - - - - - - - - - - - - - - - - - . ... 046 ... 6 

Chromium. 006 004 
99pper---------------------------. 092 .213 
Tin ----------------------------- Nil Nil 

1 Percentages by weight. 

TABLE B-Constantan 
Perce Cl 

Copper--------------------------------- 56.1 
Nickel---------------------------------- 42.3 
Manganese ---------------------------- 1.4 
Iron ----------------------------------- .2 
Silicon-less than----------------------- 0. 
Magnesium-less than------------------ .02 

.02 Carbon-less than---------------------- 
Percentages by weight. 

The alloying metals and non-metals of Table. A 
and their percentages, by Weight, there indicated, 
represent the composition of ferrous alloys ob 
tainable from a steel manufacturer in lots of as 
much as 40 tons each, and consisting of the steel 
company's typical composition in regular produc 
tion for other uses, but to be modified in accord 
ance with my invention as herein explained. 
The composition shown by column 3, Fig. 3, is 

that of a low-carbon Steel actually obtained from 
a steel manufacturer upon my specifications 
shown in column 2, Fig. 3, whose percentages, 
of the various elements indicated, I was able to 
specify, in the light of Fig. 2, and in the light of 
the compositions, of low-carbon steel alloys pre 
viously obtained from said manufacturer, shown 
in columns 1 and 2, Table A; the composition, 
column 1, Table A, which, unmodified in accord 
ance with my invention, was found to yield 
throughout the desired temperature range an 
average voltage or thermo-electric power, too 
high for matching, with the constantan of Table 
B, the voltage-temperature characteristic exem 
plified by column 1 of Fig. 3A; the composition 
of column 2, Table A, on the other hand, for the 
same temperature range, produced an average 
voltage too low for aforesaid purposes of match 
ing. However, having in mind either the com 
position of column 1 or the composition of col 
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unn. 2, or both, Table A, was able, in accord 
ance with my invention, more particularly in ac 
cord with Fig. 2 and the within stated facts re 
garding effects of alloying elements on devia 
tions, to arrive at the final specification, column 
2, Fig. 3, which, upon execution by the steel man 
ufacturer, yielded the composition of column 3, 
Fig. 3, upon which is predicated the "Actual' 
characteristic defined by column 3, Fig. 3A. 

In column 2, Fig. 3, the significant changes 
were in the percentages of manganese, nickel and 
copper. Though manganese has the effect of in 
creasing the average voltage of the voltage-tem 
perature characteristic, nevertheless the amount 
of manganese specified was less than the per 
centages of the same elements indicated in col 
umns 2 and 3, Table A, because of need suitably 
to affect the deviations of the characteristic from 
one of known slope, for example one of constant 
slope, such as line L, Fig. 1, it being under 
stood that manganese is most potent in causing 
or effecting corrections for or changes in devia 
tions. In this instance, though manganese has 
also the property of increasing the average volt 
age of the thermocouple, its effect Within the 
range of percentages indicated in column 2, Fig. 

0. 

3 
Through point , Fig. 1, corresponding with 

any arbitrarily chosen temperature, in this case 
500 C., with which, but only incidentally how 
ever, Corresponds a point of inflection in the 
characteristic C, is drawn the straight line L. 
line being straight, its constant slope implies 

COnstancy throughout the temperature rage of 
magnitude of the millivolts at each temperature 
divided by the number of degrees of tempera 
ture; on the other hand the slope of curve C and 
Of other voltage-temperature characteristics 
herein referred to varies because the ratio of mil 
livolts to temperature is different at different 
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3 essential for modifying deviations, is insufficient 
to procure the average voltage necessary for the 
desired characteristic, and there are then re 
sorted to, in lieu of manganese, significant 
changes in the percentages of nickel and Copper, 
by way of decreasing their respective percent 
ages relatively to the percentages of nickel and 
copper in column 2, Table A, thereby raising to 
desired magnitude the average voltage, because 
of so decreasing the voltage-depressing effects of 
both nickel and copper, Fig. 2, while still obtain 
ing via manganese the necessary modification of 
deviations. 
The voltage-temperature characteristic of the 

couple, whose iron and constantan elements have 
the compositions of column 3, Fig. 3 and Table 
B respectively, is the one defined by column 3 

30 
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temperatures. Hence line L, or any other of 
constant slope, is utilizable as a reference line 
from which to measure parallel with the axes of 
ordinates and abscissae, respectively, deviations 
of the characteristic curve C or others herein re 
ferred to in millivolts and temperatures. It will 
be seen in this example, which is not limitative of 
my invention, that the deviations of the charac 
teristic C from the straight reference line L. are 
to the left and above, or positive, up to the point 
T, that between 500° C. and nearly 800° C., the 
deviations are to the right and below line L, or 
negative; and that again beyond the last-named 
temperature, the deviations are again to the left 
and aboveline L, or positive. 
The ferrous alloys comprehended in my inven 

tion and herein described, are for procurement 
or modification of any particular voltage-tem 
perature characteristic predictable and deter 
aminable from or in accord with what I have 
found to be the effects upon the voltages of the 
thermocouples produced by the various percent 
ages, by weight, Fig. 2, of the non-ferrous mate 
rials chromium, manganese, sulphur, carbon, 

40 

of Fig. 3A, and corresponds with satisfactory 
accuracy to that “Ancient' or 'Old' one, col 
umn i, Fig. 3A, for aforesaid thermocouples in 
use some 27 years ago. Only the voltage-tem 
perature characteristic, column 1, Fig. 3A, of 
those thermocouples in early use has remained 
known from the similarly long known and used 
charts or record sheets of temperature record 
ers in combination with which they were used. 
Those charts or record sheets then and noW 
used are comprised of lines or markings Spaced 
unequally transversely of the chart or sheet, in 
dependence upon and in accord with the non 
uniform relationship of the temperatures and 
millivolts appearing in aforesaid column 1 of 
Fig. 3A. 
The thermocouples whose characteristic was 

that defined by column 1, Fig. 3A comprised low 
carbon steel, as one element, not only the compo 
sition of which was unknown, column i, Fig. 3, 
but also its thermoelectric behavior against any 
reference material, pure platinum or otherwise, 
was unknown; and the other element was a con 
stantan of unknown composition and of un 
known thermoelectric behavior with respect to 
any reference material, such as pure platinum 
or otherwise. 
The range of temperatures of Fig. 1 is from 0 

to about 900° C., which, or suitable or chosen 
portions of that range, is the range for which my 

50 
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ferrous, including low-carbon steel, alloys are 
suited. 5 

nickel, copper, tin, silicon and phosphorus, added 
singly or in groups in suitable amounts to any 
ferrous alloy of known composition, including 
so-called pure and electrolytic irons and low 
carbon steels herein generically contemplated 
and specifically described. 
In view of the characteristic effects of mate 

rials in the percentages shown in Fig. 2, there 
were added certain of them in suitable percent 
ages predictable from Fig. 2 to substantially pure 
iron, utilized as a reference base, whose non-fer 
rolls Components were of those and of the per 
Centages thereof shown in following table C. 

TABLE C 
Per cent 

Carbon--------------------- or - a - www.m. - a 1 - 026 

Manganese----------------------------- .015 
Phosphorus ---------------------------- .0042 
Sulphur-------------------------------- .018 
Nickel---------------------------------- .0122 
Copper--------------------------------- .044 
Silicon--------------------------------- 0.039 

Percentages by weight. 

As shown in aforesaid Fig. 2, the individual ef 
fects observed at 500 C. on voltage of the ther 
moCouple whose other element was pure plati 
num by addition to different or individual masses 
of Substantially pure iron, of Table C, one only of 
each of aforesaid materials, chromium to silicon 
inclusive, for each mass of iron, are that manga 
nese, Sulphur and chromium have increasingly 
greater effects in increasing the voltage of the 
couple, that addition of carbon has little or 
negligible effect on the voltage, and that nickel, 
phosphorus, tin and silicon, in the order named, 
have increasingly greater effects in decreasing 



4. 
the voltage of the couple; and that copper has 
even greater effect in decreasing the voltage 
when present in percentages upwardly of 0.10. 

It will be noted from Fig. 2 that, generally 
speaking, the effects of copper, above 0.10% 
thereof, are comparable with the effects of sili 
CO. 
Molybdenum, it is believed, will act generally 

similarly to chromium in effecting increase of 
voltage; and that aluminum will act, generally as 
in the case of nickel, phosphorus, copper, tin or 
silicon, to decrease the voltage of the couple. 

" While in Fig. 2 the voltage-percentage char 
acteristics for the several alloying materials 
there in view are shown as straight lines, it will 
be understood that at least Some of them are not 
in fact perfectly straight lines; the differences in 
the characteristics from straight lines are for the 
purposes of my invention inconsequential or neg 
ligible for determining what shall be in any case 
the added alloying material or materials and its 
or their amounts to produce any of my herein 
contemplated ferrous alloy thermocouple ele 
ments. 
In my alloys of irons and low-carbon Steels, it 

is desirable to limit the amounts of tin, sulphur 
and phosphorus to magnitudes below 0.01, 0.04 
and 0.02 percent, respectively, because tin and 
sulphur individually render the alloy brittle when 
at the higher temperatures within the range 
herein contemplated; and phosphorus renders 
the alloy brittle at the lower temperatures of the 
range. Such brittleness has the undesirable 
mechanical effect to render the alloy subject to 
fracture in use. However, any one or more of 
tin, sulphur and phosphorus may be utilized as 
materials for modifying voltage-temperature 
characteristics, where brittleness is Of no import 
or to be ignored. 
Some of the materials contemplated by Fig. 2 

have the property of affecting the temperature 
deviations or departures of the characteristic 
curve, such as generically exemplified by Fig. 1, 
from a reference straight line such as L.; for ex 
ample, while decreasing as aforesaid the average 
voltage (voltage change per degree centigrade) 
of the couple, tin at the same time increases the 
departures or deviations in millivolts or temper 
atures of the characteristic curve of a thermo 
couple from the average Straight line Such as 
generically represented by the line L, Fig. 1. 

Sulphur, in amounts as high as 0.05%, has Sub 
stantially no effect on the voltage-temperature 
characteristic of a couple so far as regards devi 
ations or departures thereof in millivolts or tem 
peratures from a straight line Such as exemplified 
by L., Fig. 1. 
Phosphorus has substantially no effect on the 

average voltage-temperature relationship of the 
couple, but has a minor or negligible effect on the 
deviations in temperatures or millivolts from the 
average straight line such as aforesaid line L. 
The materials or elements I prefer to employ 

for modifying or controlling voltage-temperature 
characteristics or relationshipS are manganese, 
copper, and carbon of which, as aforesaid, man 
ganese in increasing amounts increases the aver 
age voltage-temperature ratio or relationship; 
furthermore, it increases the negative deviations 
in millivolts or temperatures from an average 
straight line, such as L., at the lower tempera 
tures of the lange, increases positive deviations 
at intermediate temperatures, and again increases 
negative deviations at the higher temperatures. 
Copper, on the other hand, in increasing amounts 
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2,825,759 
decreases the average voltage-temperature ratio 
or characteristic, and, in increasing amounts, in 
creases the negative deviations from a straight 
line of reference at lower temperatures and in 
creases positive deviations at the higher tem 
peratures. Carbon, having as aforesaid, substan 
tially no effect on the average voltage-tempera 
ture relationship, has no effect on deviations of 
a voltage-temperature characteristic from a 
straight line at temperatures below 700° C.; at 
temperatures above 700° C., it has an increasingly 
greater effect in causing negative deviations 
which increase with temperature and with the 
amount of carbon present. 
In general, in accordance with my invention, 

respecting modifications of deviations, manganese 
is most effective, and less effective, in the order 
named, are tin, copper and phosphorus. And in 
any case, where the deviation is of intolerable 
magnitude, it may be corrected by recourse to one 
or more of manganese, tin, copper or phosphorus, 
and if such modification have an adverse effect 
on the average voltage of the characteristic, then, 
in that event, the average voltage may be brough; 
to desired magnitude by modification by Way of 
chromium or nickel, or both, in accordance with 
Fig. 2, chromium having the effect of increasing 
Said average voltage and the latter having the 
effect of decreasing said average Voltage, and 
neither of them having significant effect upOn 
deviations. 
Inasmuch as copper, in steel as Currently manu 

factured as a commodity for mechanical purposes 
and other than thermocouple uses, can be con 
trolled only by proper selection of the Components 
to be melted in the open-hearth or other furnace, 
and since, if once present, copper coming in via 
the furnace-charging materials cannot be re 
moved, it is expected that, in the immediate and 
more distant future, the amount of copper in low 
carbon steel will increase, due to the present 
large and heretofore increasing amount of COpper 
Commonly in Scrap utilized as a component of 
the furnace charge. Then, and in any event 
When the amount of copper is excessive, as when 
present in the resultant low-carbon steel in per 
centage greater than 0.10, correction for the 
Copper, particularly with respect to its voltage 
decreasing effect, is accomplished, in accordance 
With my invention, preferably by addition of 
chronium, which principally, as distinguished 
from similarly acting sulphur and manganese, 
Fig. 2, affects in sense opposite to copper the 
average voltage-temperature relationship, and 
has little effect upon deviations of the voltage 
temperature characteristic from a reference line, 
Slch as L. 

If it appears necessary, in order to modify a 
given voltage-temperature characteristic of a 
couple, whose one element is a ferrous alloy, to 
decrease the voltage-temperature relation there 
preferably may be added to that alloy nickel, 
which in this respect has an effect similar to that 
of copper or aluminum, and has no significant 
effect regarding deviation of the characteristic 
from a reference standard. 

Silicon, while effective in the same sense as 
copper, both as to voltage-temperature relations 
and deviations, has a much greater effect than 
would a like amount or percentage of copper, and, 
further, is effective in a percentage range where 
copper it not. However, because of difficulty in 
controlling the amounts of silicon appearing in 
the final product or alloy, I prefer to use, in lieu 
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of silicon, one or more of the materials, copper, 
nickel and allrain. 
By controlling or modifying the amounts of 

One or more of carbon, mangenese and COpper, 8. 
ferrous alloy, such particularly as a low-carbon 
steel, and without modifying the percentages of 
all other non-ferrous components, to be utilized 
as one element of a thermocouple, it is possible, 
in accordance with my invention, within Satis 
factory imits, to procure practically any desired 
voltage-temperature characteristic. For ex 
ample, and as above indicated, to match the 
voltage-temperature characteristic, of iron-con 
stantan couples, adopted as a standard some 27 
years ago, there is employed, in accordance with 
my invention, in combination with the readily 
available constantan of the known composition 
of Table 8 above, a low-carbon steel alloy of the 
modified composition of columns 2 and 3, Fig. 3; 
and the resultant voltage-temperature relation 
ship is that defined by column 3, Fig. 3A. 

Low-carbon steels of substantially the Com 
positions exemplified by columns 1 and 2 of 
aforesaid Table A and any generally equivalent 
compositions within the spirit of my invention, 
are now obtainable from manufacturers who are 
enabled, from and in accord With my specifica 
tions predicated upon column 2, Fig. 3, or the 
like, embodying modification pursuant to Fig. 2, 
to modify their regularly produced and more or 
less closely approaching but per se unsatisfac 
tory low-carbon steels, to suit the needs of my 
invention without affecting the steels from the 
viewpoint of satisfaction for their usual and pri 
marily intended uses. And the composition of 
columns 2 and 3, Fig. 3 and generally like con 
positions within the spirit of my invention are 
obtainable by modification in the light hereof 
of substantially or so-called pure irons and other 
ferrous alloys if their pre-modification compos 
sitions be known. 
The National Bureau of Standards, in Re 

search Paper RP 1080, page 351, recently has 
proposed for general acceptance the voltage 
temperature characteristic for iron-platinum de 
fined by column 5, Fig. 3A, based on averages of 
tests of 3 high purity irons and 16 mild or low 
carbon steels individually against pure platinun 
as the other element of each of the nineteen 
thermocouples. So far as I am aware, specifica 
tions of composition of such an average "iron' 

5 

S 
trolytic iron and pure platinum is defined by 
column , of Fig. 3A, which voltage-temperature 
characteristic does not match that of column , 
Fig. 3A, but corresponds with all necessary ac 
curacy with the characteristic defined by Column 
6, Fig. 3A. 

However, in accordance With my invention the 
voltage-temperature characteristic of column 7, 

* Fig. 3A is matched by modifying the composi 
O 

l5. 
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have not been published (column 5, Fig. 3). In 
any event, in accordance with my invention, it is 
possible to obtain upon specifications, of the type 
of column 2 of Fig. 3, mild or low-carbon steels 
of the composition indicated in column 6, Fig. 3, 
which will yield when used against pure plati 
nun a voltage-temperature characteristic de 
fined by column 6, Fig. 3A, which differs in actual 
temperatures from those of the characteristic de 
fined by column 5, Fig. 3A, by at most .2%; for 
practical purposes these two characteristics are 
ideratica. 
The National Bureau of Standards has further 

published (Bulletin of the Bureau of Standards, 
vol. 14, page 20) the results of its tests respecting 
thermo-electric power of a thermocouple, one 
element of which is pure platinum and the other 
of which is electrolytic iron, prohibitively expen." 
sive, having as components, other than iron, the 
materials and percentages thereof, by Weight, ap 
pearing in column , Fig. 3. 
The voltage-temperature characteristic of a 

thermocouple having as elements aforesaid elec 

55 

60 

65 

75 

tion of a ferrous alloy distinct from aforesaid 
electrolytic iron. For example, by adding 0.025 
percent, by Weight, of chromium to the far less 
expensive commercially obtainable "pure iron' 
of Table C above, there is procured a ferrous 
alloy, column 8, Fig. 3 which, against pure plati 
num, has the Voltage-temperature characteristic, 
defined by column 8, Fig. 3A, which will be found 
to correspond substantially and closely enough 
for all practical purposes With the characteristic 
defined by column 7, Fig. 3A; however, neither 
of the voltage-temperature characteristics of 
Columns and 8, Fig. 3A matches the "Ancient' 
voltage-temperature characteristic of column , 
Fig. 3A, above. 
So far as I am aware, there has not heretofore 

existed or been known an iron-constantan ther 
mocouple having, throughout a substantial or 
practically important temperature range, a Volt 
age-temperature characteristic which is very 
closely or substantially a straight line. In ac 
cordance with my invention, however, such 
characteristic is procurable by employment with 
constantan of the composition of foregoing 
Table B an associate element of a ferrous alloy, 
comprehended in my invention, of the composi 
tion respecting its components shown in Column 
9, Fig. 3, which composition is a modification of 
that of a commercially obtainable so-called 
"pure iron' exemplified by Table C above; the 
composition of column 9, Fig. 3 differs from that 
of Table C practically solely in its far greater 
percentage of carbon. The voltage-tempera 
ture characteristic of this thermocouple is sub 
stantially a straight line, Within the range from 
100 to at least 500 C., defined as one drawn 
through end points of 100 to 500 C., for which 
temperatures, respectively, the corresponding 
millivolts are 5,326 and 27.355. This substan 
tially straight characteristic departs, in tem 
peratures, on the average, from a perfectly 
straight characteristic column 9, Fig. 3A to an 
extent not exceeding 4 of one percent. For at 
least the temperature range aforesaid, there may 
be employed with the thermocouple having Such 
substantially straight line characteristic meas 
uring instruments, more particularly recording 
and controlling instruments, whose Scale or 
chart calibrations are uniform or of equally 
Spaced markings, so obviating the need for pre 
paring or using uniquely or specially calibrated 
scales of deflecting instruments or charts or rec 
ord sheets of recorders or controllers in Correc 
tion for the curvature or deviations of normally 
encountered voltage-temperature characteristic 
CWeS. 
The long heretofore used characteristic, that 

defined by column , Fig. 3A, is matched, with 
an error in actual temperatures not exceeding 
% of one percent, by a thermocouple utilizing as 
one element “Adams' constantan (Table 5, page 
351 of aforesaid paper RP 1080) against a fer 
rous alloy of composition, respecting its non 
ferrous components, defined in column 4, Fig. 3. 
This composition falls within that of column 2, 
Fig. 3, except as to manganese and copper 
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which are present in greater percentages to 
afford with Adams constantan the voltage 
temperature characteristic defined by column , 
Fig. 3A, which for all practical purposes matches 
the aforesaid "Ancient' characteristic, column 
l, Fig. 3A. 

It will be understood that if there be known 
the thermoelectric behavior or Voltage-temper 
ature characteristic of any of the ferrous alloys 
comprehended by my invention, when used with 
any other material or metal, such for example 
as pure platinum or the like, as a reference ele 
ment, there becomes known the thermoelectric 
behavior or voltage-temperature characteris 
tic of a thermocouple comprising the same fer 
rous alloy and any metal or material, other than 
pure platinum or the like, such as constantan 
or the like, if there be known its thermoelectric 
behavior or voltage-temperature characteristic 
with respect to the same pure platinum or the 
like reference material. Y. 
What I claim is: 
1. A thermocouple element consisting of a fer 

rous alloy having a composition comprising, 
among its non-ferrous components, of man 
ganese, nickel and copper in substantially the 
percentages by weight of .22 to 24, .04 to .05 
and 115 to .125, respectively. 

2. A thermocouple element consisting of a 
ferrous alloy having not less than about 99 per 
cent by weight of iron, a copper component in 
excess of 0.10 percent by weight, and, off-setting 
at least a substantial portion of the effect of said 
copper component not exceeding about one per 
cent, of one or more of the group of elements 
chromium, sulphur and manganese. 

3. A thermocouple element consisting of a 
ferrous alloy having substantially the composi 
tion by weight, respecting its non-ferrous com 
ponents, of 

- Percent 
Carbon ---------------------------- .04 to .06 
Manganese ------------------------- 22 to 24 
Phosphorus -------------------- less than .02 
Sulphur ------------ --------------- .02 to .045 
Silicon ------------------------- less than .005 
Nickel ----------------------------- .04 to .05 
Chromium ---------------------- less than .01 

2,825,759 
Percent 

Copper --------------------------- 115 to .125 
Tin ---------------------------- less than .01 

4. A thermocouple comprising an element con 
sisting of a ferrous alloy having the composition, 
respecting its non-ferrous components, of 

Percent 
Carbon ---------------------------- 04 to .06 
Manganese ------------------------- 22 to 24 
Phosphorus --------------------- less than .02 
Sulphur -------------------------- .02 t0.045 

v Silicon ------------------------- less than .005 
Nickel --------------- -------------- .04 to .05 

l6 Chromium ---------------------- less than .01 
Copper -------------------------- .115 to .125 
Tin ----------------------------- less than .01 
and an associated element of constantah com 

20 prising copper, nickel and manganese in sub 
stantially the percentages by weight of 56.1%, 
42.3% and 1.4%, respectively. 

5. A thermocouple one of whose elements 
Comprises "Adams' constantan and the other 

25 of those elements consists of a ferrous alloy the 
percentage composition by weight of whose non 
ferrous components is substantially 

Carbon --------------------------------- .059 
Manganese ----------------------------- 25 

* Phosphorus ----------------------------- 015 
Sulphur -------------------------------- 035 
Nickel ---------------------------------- .050 
Chromium ------------------------------ .007 

r Copper --------------------------------- 129 35 : 

6. A thermocouple element consisting of a 
ferrous alloy having substantially the composi 
tion respecting its non-ferrous components of 

40 carbon --------------------------------- 013 Manganese ----------------------------- 088 
Phosphorus ----------------------------- 007 
Sulphur -------------------------------- .027 
Silicon ------------------------- less than .003 

45 Nickel ---------------------------------- 021 
Chromium ---------------------- less than .01 
Copper --------------------------------- ,069 

DONATD . FINCH, 


