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Thermocouples of iron with another metal such as aluminum, 
copper, lead, nickel, platinum, or tin have been studied but, in general, 
the thermal electromotive force of such a couple is small, varies in an 
irregular manner with temperature, and is not reproducible in other 
similar thermocouples. The only one which bas been found useful is 
the combination of iron with constantan, the latter name being used 
to refer to a type of alloy rather than a single rigidly defined composi­
tion. Consequently, there are several constantans each with its 
own emf against iron. However, the relatively large potential 
developed by tIllS combination and the approximately constant slope 
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FlGURE 14.-Thermal electromotive force of iron versus constantan. 
[International Critical Tables (25).J 

of the curve between 0 and 1,0000 C make it useful within this temper­
ature range. Figure 14, showing the thermal electromotive force of 
an iron-constantan thermocouple at various temperatures, is typical 
of iron-constantan thermocouples in general, but the numerical values 
vary with different samples. 

12. RESISTIVITY 

The resistivity of iron is affected by the presence of impurities and 
by the previous mechanical and thermal treatment of the specimen. 
The effect of a given impurity is not always a linear one; for example, 
according to Yensen (19) a change in carbon content under 0.02 
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percent had eighteen times as much effect on the resistivity as did an 
equal change above 0.02 percent. Small changes in the resistivity as a 
result of application of pressure to the specimen have been reported 
by Beckman (7) and Bridgman (9). 

A review of available information indicates that the rounded value, 
9.8 microhm-cm, is the best approximation for the resistivity of iron 
at 20° O. Likewise, the rounded value 0.0065/° 0 appears to be the 
best approximation for the fundamental coefficient, i. e., the tempera­
ture coefficient of resistivity per degree between 0 and 100° O. 
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FIGURE 15.-Maximum permeability of iron as reported since 1873. 

[Yensen (47) and Cioffi (58).] 

13. EMISSIVITY 

Emissivity is the ratio between the amounts of radiant energy 
emitted by iron and by a black body at the same temperature and is 
the only optical property of iron which is of practical importance. 
This property varies with the wave length of light and in optical 
pyrometry a correction is applied for the emissivity at an effective 
wave length of about 0.65 J.I. . 

Few data are available on the emissivity of high-purity irons, but 
many determinations have been made on iron and steel under condi­
tions of plant operation, on liquid steel containing slag and various 
floating objects, or on solid metal during hot-working operations when 
the surface was covered with a scale of iron oxide, for which values 
ranging from 40 to 90 percent have been reported. The emissivity 
for 0.65 J.I. of a bright surface of high-purity iron, either solid or liquid, 
according to the best available data (8) is about 37 percent. 
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14. MAGNETIC PROPERTIES 

The magnetic properties of iron are so drastically affected by the 
presence of impurities, by the size and shape of the specimens, and by 
the previous thermal and mechanical treatment, that magnetic data, 
in general, represent the characteristics only of particular specimens. 
Appreciation of these factors has developed within quite recent years 
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[Yensen and Ziegler (72) .] 

and is reflected in the changing opinion from year to year as to what 
constitutes the maximum in magnetic properties that can be obtained 
in iron. Figure 15 shows that relatively very low permeabilities were 
the best that could be obtained prior to 1900. The introduction of 
electrolytic iron about 1900 was accompanied by an improvement in 
magnetic properties which was negligible, however, in comparison 
with that which has been achieved since about 1914. The most recent 
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development is the treatment of high-purity iron in hydrogen at 
temperatures approaching the melting point, by which permeabilities 
as high as 280,000 have been attained. 

Recent studies have shown that very small amounts of certain 
impurities, which because of their interstitial position distort the 
lattice structure, have surprisingly large effects on the magnetic prop­
erties of iron. The most striking effect so far reported is that of 
carbon; Figure 16 shows the extreme effect of small variations in 
very low carbon contents. Similar studies of oxygen, sulphur, 
nitrogen, and phosphorus have shown that minute amounts of these 
elements also have pronounced effects on the magnetic properties 
although none is so potent in this respect as carbon. On the other 
hand, elements such as nickel, cobalt, silicon, and manganese, which 
on dissolving in iron substitute for iron atoms in the lattice structure, 
counteract the detrimental effects of interstitial elements and improve 
the magnetic properties. Up to the present time addition of sub­
stitutional elements has been the means used in practice for obtaining 
superior magnetic properties. 

It is believed by many that knowledge of the ultimate magnetic 
properties of iron will be obtained only when single-crystal specimens 
of absolutely pure and unstrained metal are available. Recent 
laboratory studies indicate that in such specimens the coercive force 
and hysteresis loss should be zero and the maximum permeability 
500,000 or more. 

15. RESISTANCE TO CORROSION 

The tendency to oxidize or to rust is inherent in all ferrous materials. 
Direct oxidation of iron occurs to an appreciable extent only at 
elevated temperature, but iron tends to rust whenever it is exposed to 
the combined action of water and oxygen, as in atmospheric exposure. 

In irons of moderate and high purity, the effect of minor changes in 
composition is less than that of minor changes in the conditions of 
exposure, in determining the rate of corrosion. However, an outstand­
ing example of beneficial effects from a small amount of added element 
is in the case of copper. The presence of about 0.2 percent of this 
element increases by about 50 percent the life of iron exposed to 
atmospheric corrosion, according to Gregg and Daniloff (60). This 
increased life is not obtained by a marked decrease in the initial rate 
at which the iron corrodes, but because the rust film which forms on 
this metal furnishes better protection to the underlying metal than 
does the rust film on copper-free metal. 

A certain amount of protection is imparted, particularly to the purer 
forms of iron, by the formation of passive films of iron oxide, but the 
protection so afforded is neither complete nor reliably permanent. 

Satisfactory resistance to corrosion in ferrous metals is obtained 
only in the presence of substantial amounts of elements, for example 
silicon or chromium, the amount being such that the product should 
properly be considered an alloy. 

16. MISCELLANEOUS PROPERTIES 

There are a number of minor properties or effects which have 
received consideration by investigators. Included in this miscellane­
ous group are thermoelectric effects such as the Peltier and Thomson 
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effects, mechanomagnetic, galvanomagnetic, and thermomagnetic 
effects, reflectivity, and X-ray absorption. With one exception 
these properties or effects are of interest only in theoretical considera­
tions. The one exception, which has a practical significance, is 
magnetostriction, the dimensional change during magnetization. 
This effect is believed to be largely responsible for the noise in electrical 
transformers and in loud speakers. 
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