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and 0.062 inch thick. Before determining the magnetic properties of 
the specimens, they were subjected to four different heat treatments 
whi ch were designed to obtain different combinations of relief from 
mechanical strains, recrystallization effects, and elimination of non­
metallic impurities through the action of hydrogen at high tem­
peratures. 

The r esults recorded in table 9 show that prolonged annealing at 
high t emperatures, where recrystallization was complete and elimina­
tion of nonmetallic impurities by hydrogen probably occurred, pro­
duced better magnetic properties than were obtained from duplicate 
specimens which had received only a strain-relieving anneal at low 
temperatures. The beneficial effect of annealing at intermediate 
temperatures sometimes is neutralized by other factors, perhaps by 
structural differences, such as preferred orientation. There is no 
apparent relation between purity and permeability or coercive force. 

The highest maximum permeability, 88,400 , was obtained on a 
specimen of ingot 4 annealed at 1,4500 C . This specimen had a 
coercive force of 0.045 oersted, a residual induction of 11,830 gausses 
and a hysteresis loss of 150 ergs per cubic centimeter per cycle, all 
for a Em •• of 15,080 gausses. 

TABLE 9-Maximum permeability and coercive f orce of NBS high-purity iron 
(Cioffi) 

Maximum permeability 

Heat treatment (in hydrogen) Iron 4 Iron 12 Iron 14 Iron 18 

18 bours at 8800 C_______ ____________ _____ _____________ _ 68,100 69,100 18,4CO 26,600 

~8bg~~~sa~l8~~0 cf}- ----------------------------------- 49,700 62, 300 36,800 44,100 

~g gg~~~ :a8~9P~ C}_ ____ __ _____ _______________________ 47,500 69, 500 61,400 61,100 

~~ gg~~~:~ ~t~O~ C}__ _________ __ ______ _________ _______ 88,400 87, 600 65, 400 80,100 

Coercive force (BID" about 15,500) 

Otrsted Otr8ied Oersted Oersted 18 bours at 8800 C ___ ___________________________________ 0.0946 0.0931 0.130 0.260 

~8bg~~~sa!lis~0 cf}- ----------------------------------- .094 .0961 .0901 . 0946 

ig gg~~~!~ ~8~9P~ C}_ -- ------ --------------- ------- ---- .109 .0848 .Ob63 .080 

~~ gg~~~ ~~ ~8t~0~ C} __ _______ __________________________ .0450 . 0526 .0481 .0535 

A comparative evaluation of thcse r esults is impossible because 
these properties are properties of the specimen, not of the material, 
and are pronouncedly affected by factors such as the shape and size 
of the specimen, the previous thermal and mechanical treatment, the 
structure, including the size and orientation of the grains, and the 
condition under which the determination is made, Adcock and 
Bristow [4] reported values ranging from 14,360 to 31,400 for the 
maximum permeability and 0.115 to 0.271 oersted for the coercive 
force of their high-purity iron. The variation in magnetic properties 
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and the lack of correlation with puri ty were similar to those encoun tered 
in the present work. These properties of high-purity iron are superior 
to those of ordinary magnetic iron, which, according to Cioffi, has a 
maximum permeability of about 7,000 and a coercive force of about 
1.0 oersted. However, the values for maximum permeability obtained 
from our high-purity iron and from that of Adcock and Bristow are 
far from being the highest that have been reported for iron. Maxi­
mum permeabilities in excess of 200,000 were obtained from thicker 
specimens of polycrystalline iron by Cioffi [33] and by Yens en and 
Ziegler [34]. Even higher values have been obtained from single 
crystals of iron-for example, Cioffi and Boothby [35] obtained a 
maximum permeability of 1,450,000 in the direction of the cubic axis 
of a single crystal of "hydrogen-purified" carbonyl iron. 

The results obtained from the high-purity irons confirm the belief 
that such magnetic properties as permeability and coercivity are 
influenced by factors other than purity, and hence are not satisfactory 
criteria of purity in iron. 

IX. SUMMARY 

The results of the determinations of properties of the Bureau's 
high-purity iron (O.Ol-percent total of impurities) may be summarized 
as follows: 

Density at 20° C ________________________ 7.874 ±0.001 g/cm3• 

Freezing point __________________________ 1,539° ± 1° C. 
AC3 transformation ____________ ___________ 910° to 910.5° C. 
Ar3 transformation______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ about 8° C lower than AC3. 
Coefficient of linear thermal expansion at 

20° C ___________________ _______ ______ 11. 7 ± 0.2X 10-6;0 C. 
Ultimate tensile strength, fully annealed 

condition _____________________________ 28,000 to 30,000 lb/in!. 
Yield strength, 0.2% offset _______________ 6,000 to 8,000 Ib/in2. 
Reduction in area ____________ _____ ___ __ _ more than 90%. 
Vickers or Brinell hardness, fully annealed 

condition ____ ___ ______________________ 49 ± 3. 
Modulus of elasticity _____ ___ _____________ 27.2 to 30.0X106 Ib/in2 • 

Electrical resistivity at 20° C ______ __ __ ___ 9.71 ±0.01 microhm-cm. 
Temperature coefficient of resistivity, 

(R lOo - Ro) / lOORo _____ ___________ __ ___ __ 0.00651 ± 0.00001. 
Thermal electromotive force against NBS 

platinum standard Pt 27 at 0° and 100° C_ 1,980 ± 3 microvolts. 
Magnetic saturation induction ____________ 21.58 ± 0.01 kilogausses. 
Highest values obtained for maximum per-

meability __________________ _____ __ ____ 88,400. 
Lowest value obtained for coercive force 

(Bm •• = 15,080) _____________________ ___ 0.045 oersted. 

The effect of variations in the amounts of individual or total impuri­
ties, within the range of composition of these ingots, was less than the 
experimental error of the determinations that were made. Variations 
in the composition of this high-purity material could not be correlated 
with variations in the results of any of these determinations. 

The authors acknowledge their indebtedness to the many workers 
at the Bureau and elsewhere, as indicated in the text, who contributed 
to this determination of the properties of high-purity iron. 
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