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New da ta a re ~rese nt e d for the th erm a l condu c tivit y a nd e lec tri cal res is tivit y of two samplc s of 
Armco irun. O n a sa mp!~ of ma te rial used in a ruund robin compari son be tween several laboratories , 
thc rmal conductivit y wa·s meas ured from - 160 to + 640 °C and e lec tri cal res istivit y was meas ured 
from - 195 tu + 1380 °C. On a sample of co ld ·worke d Arm co irun frum a differe nt lot , dat a are re port ed 
fro m - 150 to + 200 °C. 
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1. Introduction 

Commerciall y pure irun , us ually produced by th e 
Amer ican Rollin g Mill Company a nd known as Armco 
iron , has bee n used for man y yea rs as a th e rmal 
co ndu c tivit y re fe re nce mate ri al, eithe r as a " hea t 
Aow meter" in the case of co mp arative th e rm al con
ductivit y meas ureme nts o r as · a mate ri a l to be used 
in c heckin g apparatu s in the case of absolut e th e rm a l 
condu c ti vity meas ure me nt s. Powell [1] I has re vi e wed 
the num e rous publi s hed data avail ab le on th e the rm a l 
conduc tivit y of Arm co iron a nd de rived "most probabl e 
values ," whi ch he es timated to be good within ± 2 
perce nt from 0 to 600 °C, and within abou t ± .5 iJe rcent 
at 1000 0c. Th e range of expe r·im e ntal valu es in th e 
lite rature , however, is a bout 7 iJercent be twee n 0 
a nd 600 °C, and increases to almos t 30 pe rce nt at 
1000 0c. In an attemiJ t to reso lve thi s di scordan ce of 
expe rim e ntal res ult s, C. F. Lu cks of th e Ba tt ell e 
Me morial In stitute, Columbu s Laboratori es, proposed 
a round-robin of th e rm al co ndu c tivit y meas ure me nts 
on Armco iron. The Batte ll e Me morial In stitut e (BMI) 
s ubsequen tl y ob tai ned a quantity of Arm co iron and 
distributed samples to : National Physical Labora
tory (NPL), Teddington , England; National Research 
Council (NRC), Ottawa, Canada; and National Bureau 
of Standards (NBS) , Washington , D.C. , and later to 
a number of other laboratories. Powell e t a1. [2], have 
reported the NPL measurements over the temperature 
range from - 200 to + 1000 °C; Laubitz has reported 
[3 , 4J the NRC measurements from 30 to 1000 °C . 

The present paper reports the rmal co ndu c tivit y 
and electrical resis tivity re s ult s obtained at th e Na
tional Bureau of Standards on th e sa mple of Arm co 
iron s uppli ed to NBS by &MI. Therm a l co nduc tivity 
meas ure ments were mad e at NBS ove r th e te mpe ra
ture ran ge - 160 to + 640 °C. Electri cal r es is ti vity 

I Figures in brackets ind ica te the lile ra lure references 31 the e nd 0 1 thi s paper. 
! Sn' uppt' ndi, f .. ," d i""· lI l"o:- iu n ,d· nUllIlIPIulli (" illlpIJl·i l it · ... 
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meas ure me nts we re mad e over the temperature ran ge 
- 19.5 to + 1380 0c. 

2. Sample Description 

Th e sa mple of Armco iron s uppli ed to NBS by BMl 
was in the form of a round bar , nominaLly 1 in in di a m
e te r and 39 in in length. Th e e nd s of thi s sa mple were 
s tamped No.3 and No.4, the 0.3 e nd be in g imm edi
ate ly adjacen t to tli e sa mpl e se nt to NPL, and the 
No. 4 e nd adjace nt to th e sa mple se nt to NRC. Thi s 
Armco iron was s tated to have bee n obtained from the 
Stee l Sales Co mpany, C hi cago , III. Th e ladle analys is 
in weight pe rce nt , as given by th e s UiJpli e r , is as 
follow s: C 0.02 , Mn 0.030 , P 0.006 , S 0.023, S i 0.004 , 
Cu 0.083, Fe (by differ e nce) 99.834. Powe ll [2J re ported 
that an NPL anal ys is s howed no s ignifi cant variation 
from th e a nalysis give n above , ot he r th an th e presence 
of 0.083 perce nt Ni. A spec troche mical analysis by 
the NBS Spectrochem istry Sec ti on yie lded the fol
lowing impurit y content 2 (i n weight percent): Mn < 0.1, 
Si < 0.015 , Cu 0.06 , Ni 0.06, Cr 0.01 , V < 0.01, Mo 
0.01, W < 0.02 , Co < 0.01, Ti 0.006, Sr 0.02, Nb < 0.01 , 
Zr < 0.003. 

Battelle Memorial In stitute reported that they had 
annealed the sample at 870 °C for 112 hI'. The Roc kwell 
hardness of the sample , as received , was found to 
vary betwee n B30 and B50. A photomi crograph of 
this specimen, as viewed at 100x , is shown in fi gure l. 
Th e s pecime n mate rial exhibit s large grain s with no 
parti c ular orientation . 

3. Thermal Conductivity Measurements 

Th e the rmal co ndu c tivity measurements on the 
BMI Annco iron sample were made in the NBS metals 
apparatus whi ch has been described by Ginnirigs [.5J 
and by Watson and Robinson [6J. In brief, the measure· 
me nt was made by determining the electrical power 
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FIGU RE 1. Micros tructure of the 8 Mf A rm.co iron sample (X 100). 

input to a heater in one end of a s pecime n 37.0 c m 
long and 2.386 cm in diameter , which was cooled a t 
the other e nd by circ ulating water or liquid nitrogen. 
Temperatures were meas ured by means of thermo
couples (fabri cated from wire which had been cali
bra ted by the NBS T emperature Physics Section) 
3.51 cm apart , along the central portion of the bar, 
thus permitting the calc ulation of six thermal conduc· 
ti vity values, each at a different mean te mperature, 
for each thermal equilibrium. A guard cylinder , con· 
centri c with the specimen, was used to minimize heat 
exchanges be tween the specimen and the surrounding 
insulation, and corrections were made for suc h heat 
exchan ges. 

T ABLE 1. Test conditions for the thermal conductivity measurem.ents 

Appa- Heale r 
Series f a l us winding Thermocouples 

A Nichrome Chromel P : 
a lume l 

B Ni c hrum e Platinu m- lO% 
rhodium: 
platinum 

3 B PI -20% Pla tinulll -lOO/O 
Rh rh odi um : 

p la tinum 

lns ula lion il 

Diato maceous 
eart h 

Powde red 
a lumina 

Powde red 
a lumina 

A 111105- Numbe r 
phere of data 

points 

Air 12 

N itroge n 18 

V acuum 18 

a Alt hou gh dia to maceous e arth is a bell e r t hermal insu la tio n, it was necessa ry to use 
powde red alum ina in series 2 and 3 in order to avoid co nt a mination of the noble me tal 
t he rmocouple s. 

.1 Note that none of the va lues of t he rmal cond uc t ivit y and e lec tri ca l res is ti vity given in 
thi s paper a re correc te d for the effec t of t herma l ex pa nsio n of the spec ime n. 
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FIGURE 2. Th.e lower figure shows the data points obtained at NBS 
fo r the thermal conductivity of 8 Mf Armco iron. 

The th ree d iffe rent symbuls correspond to the diffe re nt tes t condi ti ons p resen ted in ta ble 
1. T he uppe r fig u re shuws the pe rcentage de pa rtu res of the s moo the d va lues of Po wel l 
1'1 al. [2 1. a nd of Laubi t z [41 from the s moot h c urve in the lower figu re. 

Data were taken on the sam e sam ple in two different, 
but similar, ap paratus with var ying experime ntal con
dit ions as indicated in table 1. Th e s moothed NBS 
results,3 which have not bee n corrected fo r therm al 
expansion, at 50 °C intervals are presented in table 2 
(along with values for the electrical resistivity and the 
Lorenz fun ction which will be discussed below). The 
curve in the lower drawing of fi gure 2 represents the 
thermal conductivity values given in table 2; the three 
different symbols re present data points correspond· 
ing to the th ree series of tests described in ta ble 1. 
For the materi al which we tes ted , in the s tate in which 
we tested it , the thermal conductivity values in table 2 
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T AB LE 2. S moothed values for th e th ermal conductivity, electrical 
resistivit y, and Lorenz jilll cti on of I3M I A nnco iron 

T emper a· Th erm al 
ture cundu cti vi l Y 

°C iV/elll def: 
- 200 
- 160 0.B117 
- ISO .!l73 
- 100 .8 15 

- 50 .775 
0 .742 

SO .712 
100 .6H2 
150 .652 
200 .620 
250 .587 
300 .554 
350 .523 
400 .4'15 
450 .'169 
500 .'143 
550 .'117 
600 .3'1 1 
640 .371 
650 
700 
720 
740 
750 ............. ....... 
760 
770 ... .. ........... .. .. 
780 ......... . . . . .. . .. 
800 ........... ........ ... 
850 
880 
'100 
910 
920 .. .. ....... .... ... .. ,. 
950 

1000 ..... ... ..... 
1050 ..... ... ...... ... ..... 
!l00 . .. . ........ .... .... 
1150 . . . . . . . . . . . . . 
1200 ... ......... ..... . 
1250 ... . .. ... . .. . . . ... .. 
1300 ..... .... .. ... ........ 
1350 
1380 

a EXI rapo lal ed va lu e. 

E I("(" l r ica l 
res ist ivil y 

}-to ( ·111 

" I.S 
2.!l 
3. 1 
S.2 
7.'1 
'1.'1 

12.6 
15.6 
1'1 .0 
22 .'1 
27 .2 
3 1. '1 
37 .0 
42.6 
48.7 
55.3 
62.4 
70. 0 
76.6 
78.3 
87 .4 
91.3 
95.5 
'17.9 

100.2 
102.8 
104.4 
106.5 
109.8 
111.5 
111.8 
112.2 
11 2.5 
113.6 
115.2 
116.8 
118.2 
119.5 
120.8 
121.9 
123.0 
123 .9 
124.4 

Lorenz 
fune l iOIl 

2. 16 x I0 " 
2 .20 
2.44-
2.58 
2.68 
2.77 
2.86 
2.92 
3.00 
3.0S 
3 .08 
3 .1 0 
3 .1 3 
3 .1 6 
3.17 
3. 16 
3. 14-
3. II 

are es timated to be in error by not more than two per
cent. 

In the upper drawing of fi gure 2, P owell 's values 
[2J and Laubitz ' adjusted values [4J for the thermal con
ductivity of BMI Armco iron are shown as percentage 
departures from the thermal condu ctivity values given 
in table 2. 

4. Electrical Resistivity Measurements 

Th e elec tri ca l res is tivit y specime ns we re placed 
in series with a calibra ted s ta ndard resis tor and a 
regul a ted d-c power s uppl y. Th e resista nce of each 
s pecim en was de termin ed by co mparing the voltage 
drop across pote nti al taps in the s pecim en with th at 

(0) 

x x 

x 

( b) 

F I GU Il E 3. The II jJfJer sketch (0) shows the "squ.irrel-cage" specimen 
configura t ion IIsed /or th.e electrical res ist ivity measlI.rements on 
I3M I Armco iron . 

T he lo wer sketch (b) indi ('Htcs the pa l h or current fI nw . 

across the sta nd ard resistor. In order to mJlllmlze 
the rmoe lectri c effects, voltage dro ps in the s peci
me ns were meas ure d with th e curre nt Aowin g norm all y 
a nd reversed. All voltage meas ure me nts were made 
usi ng a precis ion d-c potentiometer. 

The elec trical res isti vity a t the ice point , 0 °C, was 
determined by measurin g th e res is tan ce be tween two 
knife edges 9.997 e m apart spanning the central por
tion of a 0. 5003 cm di am bar machined fro m the ther
mal condu ctivity specim en described above. 

The te mperature-dependence of elec trical resistivit y 
was de termined by measuring the elec trical resis tance 
of two different "squirrel-cage" specimens (see fi g. 3) 
as fun ction s of te mperature. Three th ermocouples 
peened into these specim ens served to meas ure the 
te mperature of the specime n durin g testing a nd also 
served as potential taps to meas ure th e voltage dro ps 
in the s pecim e n. Co m pari so n of th e ice-point resis tance 
of th ese two s pec im e ns wi th the ice- point resis tivity 
value separately de le rmin ed on the 0.5003 c m diam 
bar e nabled calculation of resis ti vit y valu es as fun c
tions of te mpe rature. 

The firs t squirrel-cage s pecim en of BMI Arm co 
iron was fabri cated from th e end of the NBS therm al 
co ndu ctivit y s pecime n whi ch had not been heated 
durin g testing. Data were take n in ail' in an isotherm al 
cr yos tat fro m - 195 to + 75°C with Chro mel P vers us 
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('on s tantan th e rmocouples in the s peci me n and frum 
o to l3ilO DC in he lium in an isuthermal furnace with 
platinum -- 10 pe rcent rhodium versus platinum a nd 
a lso platinum -- 30 pe rcent rhodium versus platinum 
- 6 pe rce nt rhodium thermo('uuples in th e s peci men. 
Dat a were fir s t tak en on heating tu H50 dc. On cooling 
bac k down , the e lectri cal res is tan ce uf the spccime n 
at room te mperature was found tu be lower by abou t 
0.1 j-Lfl cm, ur 1 pe rcent. On second heatin g, data 
were tak e n from ruum te mpe rature tu 1380 DC. Sin ce 
Powell [21 had repurted a change in the resistivity at 
910 °C, corres pondin g tu th e alpha-gamma transfor
mation in iron , data were taken at abuut 2-deg inter
vals from 900 to 920 °C, looking for the effect of the 
alpha-gamma transform ation. No effect was found
th e precision of th e data was s uc h th at a chan ge of 
0.1 percent could easily have been detec ted. Study uf 
a large sca le plot of the data indi cated th a t the e lec
trical res is tivit y of th e iron had undergo ne a drop , 
es timated by ex tra polation as about one-half perce nt , 
somewhere between 875 and 900 0C.~ Data take n on 
coo lin g from 1380 °C indi cated a jump in electri ca l 
res is tivit y of perhaps two-te nths of 1 percent between 
895 a nd 890 °C. After cooling frum 1380 DC, the elec
trical resis tan ce of the specim en at th e ice- puint was 
about three percent lower than th e ori ginal resis tan ce 
before the s pecimen had been heated . 

The seco nd sq uirrel-cage s pecime n was fabri cated 
from an unu sed portion of the s toc k s uppli ed to NBS 
by BMI, annealed in helium at 850 DC for about liz 
hr to reli eve possible strain introduce d during fabri
cation , and th en coole d to room te mperature. Data 
were take n from -- 195 ·to + 50 DC in air with copper 
versus co ns tantan thermoco uples in the specimen and 
from 0 to 850 °C in helillm with platinum - 10 percent 
rhodium vers us platinum thermocouples in the speci
men . These data were taken in the following order: 
on heatin g at 50 deg inte rvals to 700°C, on heating 
at approx imately 1 deg intervals from 745 to 770 DC, 
on cooling at approximately 0.5 deg intervals from 763 
to 749 °C, on heating at 800 and 850 DC, on cooling at 
100 deg inte rvals from 800 to 0 dc. A slight hysteresis 
« 0.2%) was found between 754 and 761 DC, pre
s um ably corres pondin g to the Curie transformation . 
The ice-poi nt res is tan ce of the sample was found to 
be 0_7 perce nt less than it had been at the beginning 
of testin g. 

The electri cal resistivity values give n in tabl e 2 
were obtained by combining and smoothing the data 
obtained on first heating of the specimens. No correc
tions were made for thermal expansion. For the mate
rial which we tested , in the state in which we tes ted 
it , the resi stivity values tabulated are estimated to 
be in error by not more than 2 percent, or 0.1 j-Lfl c m, 
whichever is greater. Most of this es timated un cer
taint y arises from the vagaries of this material, rather 
than from experimental e rror. All electrical resistance 

4 SiTl(:e our measure me nt s were made. Fulk ersu n . .\-Inure. and McE lru y [71 reported that 
their elect rical res ist ivit y meas ure m e nts o n BMI Armco irun indi ca ted that the alpha
gamma tra nsfll rmation was between 893 and 898 0c. 
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FIGURE 4. The lower figUl;e represents the data obtained at NBS 
for the electrical resistivity of BM I A rmco iron on fi rst heating of 
a specimen which previously had been annealed at 850 °C for 
'/2 hr. 

The lIIJpcr fig u re shows the percentage departures of the s moothed values of Powe ll 
t:1 a l. 121. Laubitz 131. a nd Fulkerso n e t al. 171. from t he curve in the lower figure. 

measurements are b elieved to have been accurate to 
± 0.1 percent or better. The mean temperature of the 
sample is believed to have been known within ± 3 
deg below 1100 °C and within ± 5 deg at 1380 DC. The 
uncertainty in resi s tivity directl y attributable to the 
uncertainty in mean te mperature would be about 0.8 
percent just below the C uri e point and would be less 
at all other temperatures. 

The curve in the lower drawing of fi gure 4 represe nts 
the electrical resistivity values given in table 2. The 
location ·of the Curie te mperature is indicated by the 
arrow labeled Tc; the break in the curve corresponding 
to the alpha-gamma transformation is indicated by 
the arrow labeled a - y. In the upper drawing of figure 
4, the values of Powell [2J , Laubitz [3], and Fulkerson , 
Moore, and McElroy [7] for the electrical resistivity 
of BMI Armco iron are s hown as percentage depar
tures from our values as given in table 2. 
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5. Lorenz Function 

The values obtained fo r the Lore nz funct ion , "-piT 
(w he re "- is · the rm a l cond uc t ivi t y, p is c lec t ri ca l re
sis tivit y, and Ti s absolu te te m pe ra tu re), a re give n in 
table 2. The c urve in th e lowe r d raw in g of fig ure 5 
represent s th ese va lu es. 1n th e upper drawing of fi gure 
5, Powell's va lu es r21 and La ubit z' va lues-, whi ch we 
have co mputed from hi s e lectri ca l res is t iv 'it y values 
as re port ed in [3 1 a nd hi s rev ised th e rma l conductivity 
values as repOrled in [4 1, for the Lo re nz fun c tion of 
BM! Armco iron are s hown as percentage departures 
from the values give n in table 2. 

6. Comments 

C. F. Lucks of th e Batte ll e Memoria l In stitute is 
preparing a pape r in whi ch he wi ll d isc uss in de tai l 
th e res ult s of th e round-rob in th ermal cond uc tivi ty 
meas ure me nts on BMI Armco iron. In addition to th e 
resu lt s r e port ed in thi s paper , a nd those of P owell r2 1 
and of Laubitz [3,4 1 whi e h have bee n pubLi shed pre -

TEMPERATURE, °C 
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F I GU HE 5. Th e IOlVer figu re represents the data obtained ot NBS 

viously, Lucks wi ll disc uss other unpublis hed result s 
fro m othe r laboratori es . In view of this, the authors 
fee l th ere is no need to di scuss the above data beyond 
wha t has been done. 

Powell [J I has s ummarized th ermal conductivity 
meas ure me nt s on A rm co iron made through the year 
1960. Powe ll. Ho, a nd ,Lil ey r81 presented a compen
dium of essenti a ll y all of the known the rm al conduc
tivity data on Armco iron a nd a lso on pure iron through 
th e year 1965. After th e prese nt paper was writte n, 
S hank s, Klein , and Dan ielson 1111 ha ve publis hed 
values for the thermal diffusivi ty, sp cifi c hea t , and 
e lec tri ca l res is tiv ity of BMI Armco iron . 

In th e appendix , some previousl y unp ubli s hed data 
on a\lother sample of Armco iron, not from th e BMI lot, 
are presen ted. 

7 . Appendix 

Measurements over th e te mperature range fro m 
- ]60 to + 200 °C we re made of the th ermal condu c
ti vi t y and elect ri ca l resis tivit y of a sa mple of Ar mco 
iron su bmit ted by U.S. Army Missile S upport Co m
mand , U.S. Arm y Missi le Command , Reds tone 
Arsenal, A labama. A s pectroc he mi cal anal ysis by 
th e NBS S pec trochemi st ry Secti on yie ld ed t he fo l
low in g impuri ty conten t (in wei ght pe rcent): Mn < 0.1 , 
S i < 0.015 , Cu 0.03, N i 0.04, C r 0.01 , V < 0.01 , Mo 
0.Ql , W < 0.02 , Co < 0.01 , Ti 0.006, S r 0.02, Nb < 0.01 , 
Zr < 0.003. Th e Roc kweH B hardness of thi s sa mple, 
as received , was found to be 72. A photograp h of thi s 
s pec im e n, as vi e wed at lOOX , is show n in fi gure 6. 

for th e Lorenz jilnction of BM! Armco iron. 
The L1ppel- fi:':'llr{' :.110\\ $ the l'l'fccll ta:,:e depar ture (If the s moothed va lues ()r P(HI(: II et a!. F IGUR E 6. M icrostrnctllre of th e cold-worked Redstone A rsef1 o/ 

121. and I. l.lll b it/.J 3. 4[ trotH Iii.· ('UI"\'(' illlhe 10\\("1" fi;,!urc. sample of Annco iron (X JOO). 
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This materi al exhibits an oriented microstructure 
typical of a cold-worked material, with the long direc
tions of the grains parallel to the long axis of the 
s pecim e n. 

The thermal conductivity measurements were made 
usin g th e equipment designated as Apparatus A in 
table l. 

For thi s specimen, electric al resistivity measure
ments were made in the thermal conductivity appara
tus at the temperature conditions existing at the end 
of each pair of runs for determining the thermal 
conductivity, by passing a direct curre nt along the 
bar. Observations were made of the potentials between 
the Chromel P and/or Alumel leads of the span 
thermocouples , with the c urrent direction forward 
and reversed. Due to a slight warming of the bar 
during the period of current flow , the average re
sistivity for a span was assigned to correspond to the 
time-average of the span mean temperature over this 
period . A separate measurement on the same specimen 
was carri ed out in an ice bath using the thermocouple 
leads as potential taps. 

TABLE 3. Thermal conductivity, electrical resis tivity, and Lorenz 
function oj the Redstone Arsenal sample oj A nnco iron 

Temperature The rmal Elec tri cal 

' C 
- 150 
- 100 
- :;0 

o 
50 

100 
150 
200 

condu c ti vit y res is ti vit y 

W/CI1I deg 
0.903 

.844 

.795 

.754 

.720 

.687 

.655 

.620 

M11 em 
2.9 
4.7 
6.9 
9.4 

12.2 
15.3 
IB.R 
22.5 

Lorenz 
fUll ction 

V' /dcl" 
2.11 x 10 - " 
2.30 
2.45 
2.59 
2.7 1 
2.B2 
2.90 
2.95 

The values obtained for the therm al condu ctivity , 
electrical res istivity , and Lore nz fun ction of the Red
stone Arsenal sample of Armco iron are given in table 3 
for the temperature range - 160 to + 200°C. These 
values are shown in figure 7 as percent departures 
from the values given in table 2 for the BMI iron. 

In general, cold-working raises the elec tri cal resis
tivity and lowers the thermal conductivity of a given 
material, the effect on thermal conductivity increasing 
at lower temperatures (see, for example, the work of 
White [9] on gold, silver, and copper). Thus , on the 
basis of the cold-worked state versus the annealed 
state only, ass uming ide ntical chemical composition, 
the thermal conductivity of the R edstone Arsenal 
specimen would be expected to be lower than that of 
the BMI s pecimen rather than higher , as was found. 
The electri cal resistivit y of the Redstone Arsenal 
specimen was significantly lower than that of the BMI 
specimen (whi ch had an ice-point resistivity of 9.88 
11,0 cm as co mpared to 9.36 j.Lf! cm for the Redstone 
Arsenal s pecime n), implying greater purity of the 
Redstone Arsenal speci me n, and co nfirming the find
ing of a higher thermal condu ctivity for it than for the 
BMI specimen. 

Godfrey et aJ. [lOl, report (pp. 26- 29) that a quanti
tative chemical analysis showed the presence of 0.086 

~ o 

~ o 

~ o 

TEMPERATURE, °C 

-200 -100 o 100 200 
4r---,---r---,---.---.---.----.---r--~ 

2 
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-8 
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CONDUCTIVITY 

-10 '-----'-----'------'----'----'----'----'-----'-----' 

0,---.---.---,--,---,---,---,---.---. 

-2 

-4 
LORENZ 
FUNCTION 

_6L-__ L-__ ~ __ ~ __ ~ __ ~ __ ~ __ -L __ -L __ ~ 

-200 -100 0 100 200 

TEMPERATURE, °C 

FIGURE 7. Percentage departures oj the v(t/ues obtained Jor the 
thermal conduct ivity, electrical res istivity, and Lorenz function 
oj the Redstone Arsenal sample oj Armco iron Jrom the correspond
ing values obtainedJor the 8M! sample. 

percent O2 , 0.023 percent S , and 0.013 percent C (aJJ 
weight percentages) in an Armco iron sample which 
they investigated. They report the presence, in this 
sample, of about 0.9 volume percent of a second phase, 
presumed to consist of oxides, sulfides, and phos
phi des. On a sample of BMI Armco iron, they found 
1.3 volume percent of a second phase. The amount of 
nonmetalli c impurities in a sample of Armco iron and , 
as pointed out by Godfrey et aJ. (p. 40), also the physical 
state of the impurities, may be of quite significant 
importance as regards the thermal and elec trical con
ductivities. Impurities in solution would be expected 
to have a much greater effect on the rmal and elec tri cal 
conductivity than would impurities present as a dis
persed second phase. 

A significant difference in purity between the R ed
stone Arsenal specimen and the BMI specimen co uld 
only be explicitly determined by a more complete 
chemical analysis of both specimens, including quan
titative analysis for nonmetallic impurities. A detailed 
microstructural analysis would also be required to 
determine the physical state of the impurities present. 
It is interesting whether the orientation of the micro
s tructure in the cold-worked specimen would result 
in anisotropy in the elec trical and thermal conduc
tivities of the metal in its present state. 
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