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PERIODICALS OF THE NATIONAL BUREAU OF STANDARDS

The National Bureau of Standards is engaged in fundamental and applied research in physics,
chemistry, mathematics, and engineering. Projects are conducted in thirteen fields: electricity,
optics and metrology, heat and power, atomic and radiation physics, chemistry, mechanics, organic
and fibrous materials, metallurgy, mineral products, building technology, applied mathematics,
electronics, and radio propagation. The Bureau has custody of the national standards of measure-
ment and conducts research leading to the improvement of scientific and engineering standards and
of techniques and methods of measurement. Testing methods and instruments are developed; phys-
ical constants and properties of materials are determined; and technical processes are investigated.

JOURNAL OF RESEARCH

The Journal presents research papers by authorities in the specialized fields of physics, mathe-
matics, chemistry, and engineering. Complete details of the work are presented, including labora-
tory data, experimental procedures, and theoretical and math+ natical analysis. Annual subscrip-
tion: domestic, $5.50; foreign, $6.75.

_ TECHNICAL NEWS BULLETIN

-Sammaries of current research at the National Bureau of S.andards are published each month in
-the Technjcal News Bulletin. The articles are brief, with emphasis on the results of research, chosen
on the basis of their scientific or technologic importance. Lists of all Bureau publications during the
preceding month are given, including Research Papers, Handbooks, Applied Mathematics Series,
Applied Mathematics Series, Building Materials and Structures Reports, Miscellaneous Publica-
tions, and- Circulars. Each issue contains 12 or more two-column pages; illustrated. Annual sub-
scription: domestic, $1.00; foreign, $1.35.

BASIC RADIO PROPAGATION PREDICTIONS

The Predictions provide the information necessary for calculating the best frequencies for commu-
nication between any two points in the world at any time during the given month. The data are
important to all users of long-range radio communications and navigation, including broadcasting, -
airline, steamship, and wireless services, as well as to investigators of radio propagration and iono-
sphere. Each issue, covering a period of one month, is released three months in advance and con-
tains 16 large pages, including pertinent charts, drawings, and tables. Annual subscription: domes-
tic, $1.00; foreign, $1.25.
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Preface

Accurate data on the thermal conductivity of materials of constructicn
at low temperatures are essential in the design of cyrogenic equipment.
Such data on pure metals also have important applications in basic physics.

This Circular is issued to satisfy the need for a complete and authori-
tative compilation of the useful data on thermal conductivity at low tem-
peratures given in the widely scattered and extensive literature on the
subject. Although the Circular is not primarily a critical compilation, the
text indicates a method that might be used in choosing between conflict-
ing data.

It will be noted that there are wide unexplored regions; much experi-
mental work remains to be done, It is hoped, therefore, that this Circular
will stimulate additional measurements and indicate the areas in which
data are most needed.

A. V. AsTIN, Director.
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Thermal Conductivity of Metals and
Alloys at Low Temperatures

A Review of the Literature!

Robert L. Powell and William A. Blanpied*

An extensive compilation is given of the measured values of thermal conduc-
tivity for metals and alloys from room temperature down to approximately 0° K.
The more extensive and important data are plotted in 48 graphs. The tables and
graphs for the metallic elements and alloys are essentially complete for literature
reference from 1900 to early 1954. For comparison, several graphs and tables are

given for some representative dielectrics.

1. Introduction

1.1. Scope and Arrangement

The thermal conductivity values of three
types of solids are presented: (1) metallic ele-
ments, (2) alloys, and (3) dielectrics. Very
little discussion is presented on the qualitative
theories or significance of the various experi-
ments. Recent articles, as indicated under each
material, usually will contain comments on
these aspects of conductivity. Under “metallic
elements,” the materials are arranged by peri-
odic groups, beginning with the alkali metals.
Under “alloys,” the materials are arranged in
this same manner by major component. In
group 3, several dielectrics are included for
comparison. A list of the figures and tables is
given in section 2.1.

The professional abstract and leading re-
search journals were searched for references
dating from 1900 to the spring of 1954. It is felt
that the compilation is complete for the metals
and essentially complete for the alloys, but only
a few representative references are given for
the dielectrics. Conductivity values were col-
lected for the temperature.range approximately
0° to 300° K. Many of the references contain
information for room temperature only, and
conductivity values from these are given in the
tables only.

The letters at the left end of the curves are
a code to the names of the authors. The sym-
bols at the right end of the curves indicate the
material tested. Conductivity values in the
graphs and tables are given in units of watts

This work was supported by funds from the U. S. Atomic
Energy Commission.
*Present address: Yale University, New Haven, Conn.

per centimeter degree Kelvin (except for a
few, which are in milliwatts per centimeter
degree Kelvin). A table of conversion factors
is given. Arrows on the bottom of the graphs
indicate the normal boiling points of helium,
hydrogen, and nitrogen, and the melting point
of ice, respectively. A bibliography (nearly all
dated after 1900) is included at the end of the
Circular. It is shown in the tables when other
properties of the samples have been measured,
such as electrical resistance, thermal electro-
motive force, and specific heat, which are sym-
bolized by R, emf, and C,, respectively.

The units in the tables and graphs are usually
watts per centimeter degree Kelvin. These
may be converted to other systems of units by
use of the following factors:

To convert to— Multiply by—

Cal/cm deg K

0.239
Btu/ft hr deg F 57.8
Btu in/ft? hr deg F 693

The preparation of this Circular required the
assistance and cooper:iion of many. Foremost
among them was Charles A. Meizner, who
plotted most of the graphs and analyzed some
of the original research papers. The coopera-
tion of the many authors and manufacturers
who supplied reprints of their articles and man-
uals for use in this study is acknowledged.
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2. Figures and Tables

2.1. List ALLOYS
METALLIC ELEMENTS Figures Tables
. Material e R I
Figures Tables Number Page (page)
Material
Number Page | (P28®) Alkali metal 38
Aluminum 3, 3a 8 9 8 Aluminum__________| 22 40 2&1?. 40,
Antimony___________ 20 36 36 Antimony __________ 29 54 55
Beryllium___________ 2 6 6 Beryllium___________ - P 38
Bismuth____._._____ 20 36 36, 37 Bismuth____________ 29, 29a 54, 55 55
Cadmium___________ 15, 14a 27,26 26 C dmium___ . 29 54 53
Carbon (graphite) __| 17 30 30 Chromium._ _________. - - 42
Cerium___.___ _____. 21 37 317 Copper. . _..______ 27, 292 49, 55 48, 49,
Cobalt. ____________ 8,9 16, 17 17 50, 51
Copper _______.._ ... 11,11a 20, 21 20,21 Copper-nickel_______ 28, 29a 51, 55 51, 52
Gallium___________ . _ 16 29 29 Gold________________. 26 47 52,53
Germanium____ ____ 18, 19a 31, 35 31 Indium______ . _______ 29, 292, 54, 55 53
Gold.__ .. ________ 13, 12a 24, 23 24 Iron:
Indium___________ __ 16 29 29 Carbon steel______. 23,24 43, 44 42
Iridium___________ 10, 10a 18,19 19 Deoxidized steels_ | 24 44 45
Iron.______________. 8,9 16, 17 16 Silicon steels. _____{ __ - 43
Lanthanum________ - . 9 Corrosion resisting
Tead________________ 19, 19a 34,35 34 steels___________ 23, 24 43, 44 43, 44,
Lithium___ ________ | 1 5 5 5
Magnesium__ ______ | 2,2a 6,7 6,7 Lead__~‘_ """"""" 29, 292 54, 55 54
Manganese. | 7 14 15 Magnesium_________. 2a 7 38, 39
Mercury____ .. ____| 15,15a 27,28 27 Mfzrcury ““““““““ . ppu 53
Molybdenum _______ 6, 6a 12,13 12 Nick.l. ... 25 46 45, 16
Nickel_____________ 8,9 16, 17 17 Palladium.________.. 26 47 47
Niobium 5 11 11 P}atxnum ____________ 26 47 47,48
Paladium______ 10, 102 18,19 18 Stlver........... 26 47 52
Platinum____________ 10, 102 18,19 19 Thallium. ... 29, 2% 54,55 53
Potassium. .. 1 5 5 Tfn__._ _______________ 18a, b 32,33 53
Rhodium______ . ___ 10, 108 18, 19 18 Titanium_.__________ 2 54 41
Silicon______________ N . 30 Tungsten.____.____.. -- - 41
silver____________ 12, 12a 22, 23 22 2. oo - - 53
Sodium  __________. 1 S5 5
Tantalum___________ 5 11 11 DIELECTRICS
Tellurium____________ 21 37 37
Thallium_________ 16 29 29 Beryllia_____________ 32 60 60
Tin.____ . 18,18a,18b | 31,32,33| 32 Diamond 30, 30a 57, 58 57
Titanium____________ 4 10 10 Disordered di.
Tungsten___________. 6, 6a 12,13 12,13 electrics__________| 33, 33a 62, 63 62
Uranium____________ 21 37 37 Ionic crystals_______. 32, 32a 60, 61 60
Vanadium___________ 5 11 11 Miscellaneous_______ — — 56
Zine__________._____1 14, 14a 25, 26 25 Quartz______________ 31, 30a 59, 58 59
Zirconium___________ 4 10 10 Sapphire____________ 30, 30a, 32 57,58,60( 57
2




2.2. Metallic Elements

The variations of the thermal conductivities
of metallic elements with temperature are given
in figures 1 to 21. The main figures (those
without a or b) have the higher temperature
curves; usually the temperature range 4° to
300° K. When there is sufficient data in the
liquid-helium range, there is a supplementary
graph for the range from approximately 0" to
5% or 10v K. The graphs are arranged by peri-
odic groups, beginning with the alkali metals.
A summary table is included for each graph,
giving for each element a list of references to
research papers on the thermal conductivity of
the element. The first column contains the
chemical symbol and the property or composi-
tion identification on the curves if the data for
the author reference are plotted on the graph.

Not all the available data are plotted on
graphs. If measurements were made at only
1 or 2 temperatures, representative conductivity
values arc usually given in the “Remarks” col-
umn in the corresponding table. When several
authors report values that are nearly identical,
the report that was published first is usually
represented on the graph. There are exceptions
to this when the results of a later author are
more accurate or more extensive. In most
graphs, where there are more than one curve for
a given element, the graph showing the highest
conductivity is considered most likely to be rep-
resentative of that of the pure material. The
higher values are associated with the more pure
material, adequate annealing, and large crystal
size.

In the commonly accepted theory for the
conductivity of metals, there are two mechan-
isms for the conduction of heat. In pure metals
nearly all of the energy transfer is by electrons.
In dielectrics, there is also a transport of energy

by the lattice vibrations. However, the relative
contribution of this latter mechanism is insig-
nificant except for alloys, impure metals, and
the semimetals like bismuth. The transfer of
energy by electrons is impeded by several scat-
tering mechanisms. At temperatures above
about 20° K the main scattering agent is the
metallic lattice itself. Below that temperature
the scattering due to impurity centers and lat-
tice defects becomes increasingly more impor-
tant. In the temperature range from several
degsrees to about 40° K, the conductivity of a
pure metal may be expressed closely by the
equation
1/k == oT2 I- BT,

The term «T? is characteristic of the lattice of
the metal being investigated; the term pAT—!
represents the scattering due to impurities. The
latter term is related to the residual electrical
resistance. Experimental values for « and g
are given in the tables when the authors in-
clude these values in their research reports.

Several physical and chemical properties of
the sample affect the conductivity directly. As
the purity of the material is increased, the con-
ductivity maximum rises and is shifted toward
lower temperatures. The thermal resistance
caused by impurities is not additive—small
changes in purity can cause very large changes
in the conductivity near the maximum. At
higher temperatures, however, the effect is not
as important. Cold-working and hardening re-
duce the conductivity and for that reason, other
things being equal, the annealed samples will
have a higher conductivity. For some single
crystals the conductivity depends upon the
direction of heat flow. For several metals that
are anisotropic, curves are given for various
crystal orientations.
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and analysis and analysis
........ “Pure”.........| Low value of k=1.43 at 0°C; R...{ L. Lorens A.W.S.1 [ Alcoa; 99.998% | Single crystal; residual electrical | R. A. Andrews,
(1881a). ure, 0019, resistance of 1.19X10°% Rany; R. T. Webber,
g, .001%, S, a=2.TX10%, 3=7.04. and D. A,
.......... 0.5% Fe, 0.4% | k=2.01 3t 18°C; R, Cp..........| W. Jaeger and .00069, Fe, Spohr (1951).
Cu. H. Diesselborst 0004"/
(1300). &
Lo....... Johnson, Mat- | Lathe turned from larger sample, | C. H. Lees A.W.82]. ... do......... Single crystal, R =1.48 X i0-3 Do.
they; 999 density of 2.70. (1908). Ran; a@=2.72X107%, 3=86.06.
pure.
A.W.S.3.| Johnson, Mat- | Polycrystalline rod; residual re- Do.
......... Commercial. ....| k=193 at 0°C 1.90 at 85°K, 1.59 [ R. Schott (1916). they; 99.995%, sistance of 2.14 X 1073 Rar;
at 21.4°K pure; 0029, a=2.72X10"%, 3=4.05.
Mg, .0019,
.......................... Measured the effect of torsion on | J. E. Calthrop Si, .0005% Fe,
the thermal and electrical con- (1926). 0005% Cu,
duetivity. trace of Na.
.......... 5 samples rang- | Measured at 20° and 30°K; results | E. Griineisen and P.8.J.....{ Alcoa; 99.99%, | Colddrawn.....................{ R. W. Powers,
ing from pure for purest samples lie just below . Goena pure. D. Schwarts,
to technical. curve of P. S. J.; studied effect (1927); and H. L.
of grain size and crystal bound- E. Griineisen Johnston
aries, (1927). (1951).
.......... “Pure”........ .| k=2.26 a1 0°C, 2.55 at 89°K; R...{ J. Staebler . M.R.....[ Joh , Mat- | A d polycrystal; o=2.2X | K. Mendelssohn
(1929). they;99.9949, 10‘ B=23. and H. M.
pure. Rosenberg
.......... ..do..........[ k=2.26 at 0°C, 2.56 at 80°K; also | W. Mannchea (1952a).
measuted R. (1931).
.......................... Polycrystalline; superconducting | K. Mendelssohn
.......... Approx. 99.7%, | Two samples gave values st 0°C of | A. Eucken and state; representative values were ar.1 C. A. Ren-
pure; technic- k=2.26. H. Warrentrup 07 at 0.8°K, .015 at 0.65°K, .007 ton (1953).
ally pure. (1935). at 0.37°K.
No....... Hadfield's. .. ... Brinnel hardness of 17........... J. de Nobel 2 a=3.2X1075, 3=023.......... H. M. Rosenberg
(1951). (1954a).
8
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analysis
) SR PP In both norm:lnd superconduct- | H. M. Rosenberg ~ ..........0................ k=054a817°C................. T. Barratt and
ing states (1954s). R M. Winter
(1926).
.......... Fansteel, 99.9% | k=036at0°C..................] M.Cox (1943).
pure,
.......................... Measured ratio of conductivity in | C. V. Heer ud
superconducting snd normal J. G.
states. (IMQ)
............................... do.......vvevvnvieevananee.| 4. K. Hulm
NIOBIUM (o).
M. O. 99.95% pure....| Measured in both normsl and su- | K. Mendelssohn
perconducting states. and J. L. Olsen
Curve &mrle source Remarks Reference (1950s).
* Hu........ Hilger; 0.1% | Polycrystalline; impurities in solid | J. K. Hulm
impurities. solution; me-suredeﬂ'eetof mag- (1950).
M.O...... Hilger; “high { In both norm:l md L) monduct- K. Mendelssohn petic ﬁeid ormal and su-
purity”. ing states; studi and J. L. Olsen pemonducﬁng nhtes.
netic field. (1950a).
M.R..... Joh M d both normal and super- | K. Mendelssohn
MBR.... Johmon. Mat- | In both normal and superconduct- | K. Mendelssohn they; 09. 98% conducting states; §=27. and H. M.
they; 99.99% | ing states; up to 22°K. and H. M. purity. Rosenberg
pure. mbi;ers (1952b).
T e cdoiaen.. Measured_superconducting state | K. Mendelssobn
) | O O Continustion to temperatures | H. M. Rosenberg below 1°K. and C. A. Ren-
sbove 22°K. (1954a). ton (1953).
.......... Same as M.R. | Superconducting state below 1°K. .| K. Mendelssohn R.........]....do..........| Continued M. R. curve to higher | H. M. Rosen|
o . and C. A. Ren- apeeatarist om0t s | Finsoe
toa (1953) =25.
11
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Curve Soltlnaple source Remarks Reference Curve Sample source Remarks Reference
al i and analysis
.......................... k=145at17°C.................| T. Barmratt and veeeeeoo..| Herseus........| k=18at0°C...................| S. Weber (1017).
R. M. Winter
1925). e k=2at17°C.................... T. Barratt and
R. M. Winter
.......... Philips; “very | Annealed at900°C;k=1.44at0°C; | W. G. Kannaluik (1925).
pure’”. R. (1931). R X .
.......... Osram; impure. .| Single crystal; k=1.83 at 83°K, | E. Gruneisen and
.......... Gen. Elec.. .....| Annealedat220°C;k=1.32at0°C; Do. 1.80 at 21I°K. E. Goens
R. (1927).
Ka........ L08% Bi, Cd; | Reoeoeo i W. G. Kaonaluik G.Go..... Philips; very | Singlecrystal................... Do.
1% Al, Ge, (1933). ure”.
8n, Ti, V, W;
001%CoCo, | L Gen. Elec....... One sample annealed at 220°C, | W. G. Kannaluik
: k=1.64 at 08°C; another sample (1931).
of C. tlnslglésled at 1300°C, A=1.66 at
M.R..... Johanson, Mat- | @=75X10"%, 3=6.7........... E. Mendelssobn . o
they; 99.95% and H. M. Ka........ Phillips. ....... Single f‘ce:lyst-als. only higher values | W. G. Kannaluik
pure. g%%ezl;’l;erg " plotted. (1933).
’ Br.H Philipe.........].ccoviii H. Bremmer and
R........ Ldo.l., Continued above work to 100°K...| H. M. Rosenberg W.J. de Haas
(1954a). (1936).
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Curve Sn:’ple Remarks Reference
and analysis
.......... Gen. Elee.......| k=186at0°C..................] L. Langmuir and
J. B. Tayloe
(1938).
.......................... M 7%, 194° 273°K, :pprox same W C Michels
nKmnslmk( 933). d M. Cox
(1936)
G.A...... Same as G. Go. | Studied effect of magnetic fied and | E. Griineisen and
shove. anisotropy. H. Adenstedt
(1937).
H.N...... Phillips. ....... 8i residual resistance | W.J.de Haasand
4X104 Iim.mmurede fect J. de Nobel
of magnetic field on k and R. (1938).
G.A...... Same a8 G. Go.. . Smgle eryshk gnph results are | E. Griineisen and
rod axis par- H. Adenstedt
dlel tolOlOl ctyshluu. foe an- (1938).
other crystal with rod axis par-
allel to {100]) axis, k =22.2 at
21°K; R.
....... Gen. Elec....... k=1,93:3077°x, 1.87 at 90°K, and | M. Cox (1943)
60
....... Same as H. N. | Extended the measurements to | J. de Nobel
higher magnetic fields. (1949).
M. R. Johnson, Mat- | Annesled; o = 10.2 X 10~%, | K. Mendelssohn
they; A B=5.9. and H. M.
pure. Roseaberg
(1952b).
) | SN P a=93X1075, B=58.,......... H. M. Rosenberg
(1954a).
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MANGANESE
and analynis
.......................... k=005 at 83°K for the 3 phase..| H. Reddemsna
(1935).
M.R...... Joh Mat- | Anpealed; 8=1200.............. K. Mendelssohn
they; 99.99% and H. M.
pare, Rmenberg
(1952b).
SUPPLEMENTARY DATA
Curve Remarks Refecence

Sample source
and analysis
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IRON IRON (Cont’d)
Curve B::fle source Remarks Reference Curve Sample source Remarks Reference
analysis
.......... “Pure”.........{ k=0.70at0°C..................{ L. Lorens veveeeev..} *Technically | Two samples untem ; electro- | E. Griineigen and
(1881s). pure”. Iytic; k=136 0.91 at 83°K, E. Goens
) 3.01 and 0.5 at 21°K, (1927).
.......... “Pare”, 1% C, | k=0.72a1 18°C.................| E. Grineisen " . .
. 6%_ Mn, (1900). ...l “Pure”......... Electrolytic; k=0.77 at 16°C. . . .. R. Kikuchi
.gz% 013,'.705%', (1932).
.g%{r. 2y | Armeo; 019 C, | k=07 a 0°C, 0.72 at 195°K, 0.94 | W. G. Kannaluik
029, 8. (320‘%, Pp, at 90°K (1833).
.......... 0.1% C-+ metals | Also raeasured R, Cp, emf; k=0.67 | W. Jaeger and 0268, .06%
at 18°C. Hblgégmelbom » 02% Si
T “Pure”......... Between 3° and 20°K, the values | J. Karweil and
.......... Krupp; .1% C, | Aleo messured R, Cp, emf; k=0.60 Do. fall just below the curve marked K. Schifer
& i, 1% st 18°C. M.R. (1938).
.
.......... Hadfield; 99.- | Forged; k=0.9 at 90°K, maximum | J. de Nobs!
L......... 99.429%, pusre; Wroughtiron................... C.(%olé?u 93% pure. of 1.3 at 52°K, 0.5 at 15°K. (1951).
. oy o} .
Mn, .13% &. P.Z.J.....} Jobnson, Mab- br..oovveiiniiniiieii R. W. Powers,
they; 99.99% J. B. Ziegler,
......................... Electrolytic; iwo rods with aver- | A. Eucken and pure, and H. L.
age grain sizes of 1 X107 and K. Dittrich Johnston
8X107% cm; k=0.94 and 0.90, (1927). (1851a).
respectively, at 0°C; k=1.84 and
1.83 at 80°K. M.R...... Johnson, Mat- | =18X1078,8=95............. K. Mendelssohn
they; 88.98% and H. M.
.......... Heraeus. . ......| Electrolytic; average grain sise 2X Do. pure. Raosenberg
10"3 cm; k=0.82 at 6°C and (19562b).
1.17 3¢ 80°K.
. ) S a=1023X10"%, 3=96.......... H. M. Rosenberg
G. Go.. “Douvble re- | Tempered; electrolytic........... E. Griineisen and (1954a).
fined. (1'9(2}70)”“
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NICKEL COBALT
Curve | Sample source Remarks Reference Curve | Sample source Remarks Reference
and analysis and analysis
.......... Basse and Selve; | £=0.60 at 18°C; R, Cp, emf......] W. Jaeger and Revoveee]oeviennianians | a=105X1075, B=79..........[ H. M. Rosenberg
impure. H.Diesselhorst (1954s).
1900).
Le........ Johnson, Mat- | Lathe turned; density 8.80........ C. H. Lees
they; 99% (1908).
pare.
.......... Herseus. .......] Drawn rod; k=0.84 at 0°C, 1.11 | A. Eucken and
at 80°K. K. Dittri
(1927).
P.8.J.....] Int. Niekel; [......coooiiiiiiiiiiiiiiiananns R. W. Pawers,
comm. pure. D. Schwarts,
H. L.
l (1951).
.......... 99.4%, pure. ....| Forged; approx. same curve as | J. de Nobel
oP PoS. 7. lrom 83° t0 25°K; at 16° | " (1951).
K, k=0.18.
M.R...... Joh Mat- | A led; x=22X10-%, B=4.4; | K. Mendelssohn
they; 99.997%, measured ap to 22°K. and H. M.
Rosenberg
(1852b).
R......... doo.ll Appealed; 2=10.4X103, = | H. M. Rosenberg
. 4.6; measured up to 40°K. (1954a).
»
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Curve Bample source Remarks Reference Curve Sample source Remarks Reference
and analysis and analysis
.......... “Chem. pure”...| k=0.7 2t 18°C; R, Cp, emf.......} W. Jaeger and v e | B=0.888t 17°C.................| T. Barratt and
H.Diesselborst R. M. Winter
(1900). (1925).
.......................... k=0.42 at 17°C for commercial | T. Barrait and weveenrr..| Herneus;“pyre”. | Annealed; k=2.15 at 83°K, 23.8 | E. Griineisen and
palladium, 0.60 at 17°C for R. M. Winter at 21°K, R E. Goens
4 ", (1925). (1927).
G.Re.....| Herneus; “pure”. | Unannealed; plotted with open | E. Griineisen and M.R......| Johnson Mat- | @=22X10"%, B=14........ ... K. Mendelssohn
cireles; R. H. lemann they; 99.95%, and H. M.
(1934). pure. m‘)
G.Re.....|....do.......... Cold-drawn; annealed at 360°C Do. )
fortwohours; plotted withdark- | o a=10.7X10"%, B=138.. .. ... H. M. Rosenberg
ened circles; R. (1954a).
M.R...... Johnson, Mat- | Annealed; a=64X10"% @=11..| K. Mendelssohn
they; 99.95% : :ll::e Hl')e)r‘;
pure. pj
(1952b).
.......................... =41)10°5, g=11.7...........| H. M. Rosenberg
“ 8 (1954a).
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PLATINUM

5

6

TEMPERATURE , °K

IRIDIOM

Remarks

Reference

Remarks

..........

k=078at18°C.................

k=07 st 18C; R, Cp, emf. ...

Drawn;

Druwn; electrically annealed; ob-
tained same results as Meissner
{1915) at 31° and S3°K; R.

k=300t 21°K.................

measured effect

k=435 st 21°K;
of magoetic field on &, R.

a=43X107%, 3=040...........

a=43X107%, B3=035...........

3. H.Gray
(1898).

W. Jueger sad
H. Dicsselhorst

(1900).

W. Meimner
(1918).

E. Griineisen and
E. Goens
(1927).

Deo.

E. Griineines and
H. Adenstedt
(1938).

K. Mendelsaohn
and H. M.
Raosenberg
(1952b).

H. M. Rasenberg
(1954a).

k=050at17C................. T. Buratt

Anaealed; ¢ =3.6X107%, 3 =0.77.

a=46X10"%, 3=075
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COPPER (Cont'd)

Sample souree Remarks Reference Curve Sample source Remarks Reference
e iy pr oo
.......... “Pare”.........| k=3a40°C.....................| L. Lorens ceevveenedeiiniaiiiiiii.. | Measured 18 samples of various | E. Griineisen and
(1881a). crystal structure, purity, and E. Goens
annealing at 21° 83°K; R. (1927).

“Pure”........ '

do..........

cedooo...L
“Very pure”.

One sample bad k=36 at 10°C;
the second, 1.3 at 10°C.

k=394 18°C.

k=395 at 20°C

“Soft drawn, high

J. H.Gray
(1895).

E. Griineisea
(1900).

W. Jaeger and
H.Dx
(1900).

conductivity”; | C. H. Lees

k=3.8at 27°C; results at 100°K (1908).
are close to the P.S.J. curve.

Electrolytic copper wires; values | W. Meissner
at 21°, 91° mﬁw are close to (1915).

the

.| Natural single crystal; results un-
certain due to very small sise of

sample.

. A?rmon curve of W3

~1 curve.
R. Schott
(1916).

Do.

. Schaufel-
berger (1902).

Single crystal; between 95° and
300°K, the results are close to
curve W.-1.

Messured 14 different copper sam-
ples at 20° and 90°K; R.

BuBs... | i e
.......................... Studied effect of magnetic field on
Al Ma Joh Mat- | Machined and annesled..........
they; free of
0x; .003% each
gg, Ni, and
P.8J.....| A gug.;' “0. | Oxygen-free, high conductivity. ...

(1934).
W.J.de Hassand
T. Bietnass

(1936).
E. Grineisen and

H. Adenstedt
(1938).

"E. Mendosa
(1947).

R. W. Powers,
D. Schwarts,
and H. L.

Jobhnston
(1951).
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Do.

D. K. C. Mac-

Reference
Dosald (1952).
(1953¢).

(1954a).

G. K. White

H. M. Rosenberg

led; @ =3.2X107%, 3 =~0.35. | K. Mendelmohn
5 a = 2.55 %1078,
a=2.55X10"%,
ssmeas W-l.. ...

st 450°C 1p belium gas.

for 3 hours;
B=021.

As cold-drawn;

g=1.15.
Annealed in vacuum at 550°C
a=25X105, 3=035..........

A

TEMPERATURE, °K

COPPER (Cont'd)

0

, Mat-

they; 99.999%,
pure.

Elec.;

“comm. high
purity”.

Johnson, Mat- | As cold-drawn

they; .0006%,
Ag, .0003%,
Ni, .0004

Pb.
mtcb. -

odooal,

Johnaon, Mat- | Cold-drawn, then annealed 6 hr | R. Berman and
they; 99.999%,

Gen.

Curve &m}lem
and analysis

B. McD...
R......

M.
Ni.Te....
Wol. ...
wa.....|
W
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TEMPERATURE , °K
SILVER SILVER (Cont'd)
Curve Sample source Remarks Reference Curve Sample source Remarks Reference
and analysis and analysis
................ Silver wire; k=402 a4 18°C..... .| J. H. Gray vvveve....| Honigechmid...| Annealed; elec“uglndyﬁc; k=314 at | E.Griineisen and
' (1895). 21°K; meass effect of mag- H. Adenstedt
netic field oo k and R. (1938).
.......... 90.98% pure. .. .| k=4.21 at 18°C; also measured R, | W. Jaeger and
Cp, and emf. H.Diesselhorst M.R...... Johnson, Mat- | =9.0X107%, B3=16............| K. Mendelssobn
(1900). they; 99.99% and H. M.
pure, Rosen
Loo....... Johnson, Mat- | Lathe-turned from a larger rod....| C. H. Lees (1952a).
they; 99.9% (1908). )
pwee. | ] do.......... M d effect of magnetic field. .| X. Mendelssobn
snd H. M.
.......................... Two silver wires had k=4.11 and | W. G. Kannaluik Rosenberg
4.04 at 0°C. (1931). (1953).
.......... Hilger; trace of | At 90°, 195°, and 273°K values are | W. G. Kannaluik W.1-5....] Johnson, Mat- | No. 1 was unannealed; #2, an- | G. K. White
Cu, Pb, Bi, somewhat higher than those of (1933). they; 99.999% nealed at 650°C, grain sise 0.1 (1953b).
Mg, Ca, Na, Lees (1908). pure. mm; #3, cold-drawn; #4, the
i, previous one annesled; #85, & re-
run of #4,
.......................... Five rods of silver, varied in com- | E. Griineisen and
position, annealing, crystal H. Reddemann Reoornnn Johnson, Mat- | a@=5X10"%, 8=03............ H. M. Rosenberg
structure. At 20° snd 90°K pure (1934). they. (1954a).

rods had values close to curve
W.-3; R
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CONDUCTIVITY, w/cm deg K
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GOLD GOLD (Cont’d) \
Curve S:)?le souree Remarks Reference Curve Sample source Remarks Reference
analysis and analysis
.......................... k=3.14a818°C.................| J. H. Gray M.R......{ Johnson, Mat- | o=18X10"%, B=1.15...........| K. Mendeissohn
(1895). 199 o and H. M.
pure. Rosenberg
.......... “Pure”.........| k=293 at 18°C; » less pure sam- | W. Jaeger and (1952a).
ple had k=1.79 st 18°C; R, Cp, H.Diesselborst
emf. (1900). W.1,2....} Garrett, David- | No. 1 sample unsnnealed; #2, an- | G. K. White
Me........ Mylius; 99.999%, | Cold-drawn; annealed............ W. Meissner son, Matthey; nealed. (1953a).
pure. (1915). 99.99%, pure
(comm.); Ag,
.......................... k=295at17°C.................| T. Barratt and trace of Pt,
R. M. Winter Fe, Pb, Cu,
(1925). Sn.
.......................... k=298 at 24°C................| H. Masumoto W.3,4,5..| Johnson, Mat- | No. 3 sample cold-drawn; #4, an- Do.
(1927). 'y 99.999%, pealed in vacuum at 700°C for 3
. pure; trace of |  hours; #5 was the fourth re-
.......................... Six samples of various composi- | E. Griineisen and Ag, Cu; faint drawn.
tion, annen.h:ﬁdlh ;!iuult; g: ﬁg%o)em gaci‘ of gd.
‘very pure” ® an . e, Mg, Na,
m close to curve W4, Ca, Zn.
.......................... k=3.06at0°C..................{ W.G.Kannaluik veeere i @=19X10°5, g=113...........] H.M. Rosenberg
(1931). (1954s).
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ZINC ZINC (Cont'd)
Curve S::flemree Remarks Reference Curve S:.nrbm Remarks Reference
analysis analysis
.......... “Pure”.........| k=113t 18°C; R, Cp, emf.......| W. Jaeger and M. R. 1...] Hilger;99.995% Polyeryuhlhne. a= 21 X 10-%, | K. Mendelasohn
O H. Dicaselh, pare. | B=0 and H. M.
L......... “Pure redis- | Lathe-turned from a cast stick....{ C. H. Lees :
tilled™. (1908). M.R.2,3. lmpen;lggge;t- No. 2 had rod axis inclioed 8:);4)1? Do.
ng; hﬁ”c u“hl =
Bi. Le.....| 99.993% pure. . .| Single erystal; also measured poly- | C.C. Bidweliand 1 107 g=07: #3, indined 13,
erystalline samples. (E;qg“l‘e‘m a=3]x10—l 8’00
EJ lewnand ... Seme as M. R. | Messured effect of ic Gield. .| K. Mendelaobn
G. C. Bidwell 1.2,3. magnetie and H. M.
(1928). mbug
.......... Eahlbaum. .. .. [ k=126t 83°K and 1.25 st 0°C. .| J. Stacbler )
(1e2). e a=30X10~¢%, g=08............ H(%{ osﬁl)lenbcg
G. Go.....| Kahlbaum; each vnthmdlm E. Goens and
“pure”. pumlle to main crystal axis. An- E. G
other sample with axes perpen- (1932).
dicular had a conductivity 109,
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(See previous page for the table on ZINC.) CADMIUM (Cont’d)
Curve Suthle source Remarks Reference
and analysis
Go.G... Kablbaum; Two single crystals, each with | E. Goens and
1] “pure”’. main crystal and rod axes par- E. Grineisen
CADMIUM allel. (1932).
Go. G. cdoool...l. Single with main crystal Do.
Curve Sn:apb source Remarks Reference and mes perpendicalar.
.......... Hilger;99.990% | Measured effect of magnetic field. . K.“hgeﬁdehldmohn
re. .M.
.......... “Pure..........| k=092at0°C.................. Rosenberg
(1881). (1851).
............... do.........| k=093 a1 18°C; R, Cp, emf......| W. Jueger M. R......} Hilger; Cast in glass; o = 140 X 10-%, | K. Mendelssohn
H. Diessethorst 90. A 2 =05 and H. M.
(1900). pure m)
| T “*Pure_redis- | Lathe-tarned from a cast stick. .. .| C. H. Lees )
tilled”. (1908). ...l do......... Measured effect of magnetic field. . K&fegdgﬂhohn
.......... Eahlbaum; k=102 a4 273° and 194°K, 123 st | A. Eucken and Rooenberg.
“pure”. 8°K. ?19 %e)lﬂhoﬂ (1953).
) Rovoeifevieiiiinnannn, Masimum conductivity of 8 be- | H. M. Rosenberg
.......... Kshibaum; At 20° and 273°K values fall just | R. Schott tween 4° and 5°K; q=i22X (1954a).
“chem. pure’”. below upper curve of Go. G. (1916). 1075, 8=0.02.
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TEMPERATURE ,°K
MERCURY
Curve Sample source Remarks Reference
and analysis
Oo. He...lo.ooooiiiiantt Cpeevviiiiieii i H. Kamerlingh
Omwmues (1914).
.......................... Measured in the liquid state and in { G. Gehlholf aad
solid state near melting. F. Neumeier
(1919).
17 P P Measured ten single rods; } H. Reddemann
fall into four groups. No. 1, rod (1932).
axis axis; #2,
:lxi;din%lémd#?‘; #3, axes in-
°; axes perpen-
dicular.
HBr.....l..oo.ooovnn.. Messured in both normal and su- | W.J.deHaasand
perconducting states. H. Bremmer
(1936).
Hu. 15, ..] Basic rod (#1) | Homogeneous solid solutions; poly- | J. K. Hulm
from J. e, but large 3 (1950).
Matthey; #2, in both and
0029, Cd; superconducting state.
#3, .007%
Cd; #4, .1
h; ¢J o
In.
.......................... Measured in the intermediate state | R. T. Webber
near 'K, and D, A.
Spohr (1053).
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GALLIUM INDIUM
Curve Sample source Remarks Reference Curve Sample source Remarks Reference
and analysis a
) | SN onenhhon Thhl of diﬂ;esrgx)x: H(%sg)nenbem .......... Hilger.......... Aba_:l\:i values were not deter- W.J.%Hmmd
105, Bod7; 42, @ =33X10D, e (ozay
g-o .165; #3, @=87X107,
=222, Hu........ Johnson, Mat- | o=189%X10"3, 8=138.......... J. K. Hulm
they; 0.1% (1950).
impurity.
.......... Johnson, Mat- | Single erystal; measured conduct-{ D. P. Detwiler
THALLIUM they. ivity in intermediate state. and H. A.
1952 b).
.......... Kablboun......| Drswa; k=051 ot 0°C and 04 | A. Eucken aod (1952,
a80K...........ienn. K. Dittrich M.R...... Johnson, Mat- INXIO“ 3=0.4; measured | K. Mendelssohn
(1927). they; 99.093%, d cte mte supercon- g::e H. M.
.......... Johnson, Mat- | Anvealed; polycrystalline; meas- | K. Mendelmohn pore. N n‘ - (19828). ©
they; 99.99% ured effect of magnetic field. ﬁ Ht.,g!. ............. do.......... M d effect of magnetic field. . K..xeﬁdtholm
pure. n .M.
(1963). mberg
.............. do..........| Anuesled; polyerystalline; meas- | K. Mendelasohn (1853).
ured e:nodggchnt obggglv(v I'K; - gﬂ A, ) do.......... Mm e%ngpuctng% below l'K K.mhgegdehohn
betwee con- 11 n an
ductivity was of !orm In k=n’!‘ (1953). duchnt{“eqnshon was l:-2.5 Renton (1953).
k=0 2 at 0.62°K, 0.0013 lt XlO"" 019 at 0.8°K,
R......... ool a=583T1X10°%, 3=01........... H. M. Rosenberg ) S PO =185X10-%, 3=0.35 for nor- | H. M. Rowen
(1954n), ¥ mal state conductivity. oo
29
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CARBON (Graphite) CARBON (Graphite) (Cont’d)
Curve | Sample source Remarks Reference Curve | Sampie source Remarks Reference
and analysia and analysis
B. 1-3, 1’- | Atomic Energy | Artificial graphite rods; very ani- | R. Berman
.......................... Pukw-ilo?‘d“du;lg of 2.11 g/em?; TR.B?“ ‘;_:b ¥ Res. Estab- tropic: un 1 nambers re- (1962).
(1925). ligh. fer to rods with axes paraliel to
Sambers ofe o rous it s
- num| fer to rods with axes
.......... Al:h‘?mmph- k=178t 122°K, 1.72 a1 300°K . . . A.(fésac;ary ndicular to the extrusion;
' i'“e'o""“d"?‘n“’,m“"m‘ l
.......... Carbon; k=0010at0°C................. B.W.l’ A :
”:"lﬁg v )g;h aizes 2000, 1000, 20d 300 A,
goke, 1939, .4, 4. .| N Density 2.25 3
fampbiack. B4 ¢ s Eaoh- :"‘L : nn:ip/rr:ei :"N%m".& Do.
ers {0 sample ts axs
.......... Acheson graph- | Two rods gave k=121 and 1.67 Do. parallel to pr:lferrled c-azis;
tte. at0°C. primed pumber, perpendicular.
.......... National Car- | For s sample with rod axis R- A. Buerschaper T.W.1,2.| National Car- Deum m 170 s/em' rod | W. W. Tyler and
bon; Acheson to extrusion direction, k=1.76 (1944), boa; graphite. ‘nrpen A. C. Wilson
at0°C, M»&’K for a second : dlwlnandp-nllelto (1953).
-mpla with rod kpﬂmdw— ferred c-axes.
extrusion, k=1.13 at
. ' T. W. 3...| Natural graph- | Molded; density of 1.80; rod axis Do.
0°C; 176 a4 T'K. ite. v perpendlculn to preferred c-
.......... National Car- | k=0.08 a8 0°C, 001 st 82°K.. . . . . Do. axis.
; T.W.4 Lampblack. .... Moalded; density of 1.85; rod axis Do.
pnnll'd preferred c-axis.
.......................... Meagured conductivities of graph- | 8. Misushims veveeseees]iaeraaaeianen...| Abstract only; date not given.....| A. W. Smith
ite and amorphous earbon. ?ﬁiaf; Okada (1954).
.......................... Measared effect of crystal sise. . . . &(li‘m) SILICON
I Imparities of 1 | “Filament cut from s erystal pulled | G. W. Hull and
X10¥ percent in [100] direction;” k=1.48 at T. H. Geballe
as shown by 0°C, 9 at 80°K, 19.5 at 30°K. (1954).
Hall effect.
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(See next page for table on TIN.)

analyxis

Ee. Zi.....| “High purity” . .| Cast; higher of two Ge curves on | I. Estermannand

. E.
man (1961).
EsZ..... o.lz_sAilomie% Cast; lower of two Ge curves on Do.
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.......... “Pare”.........| k=064at0°C.................. Memmdrehhveehngen be- | C. V. Heer and
(1881). coming superconducti pon (139)M
.......... “Pure’ .03% | k=061at18°C.................| W. Jaeger and
Pb. H. Diesselhorst Ra. 1,2...| Chempur; 99.- Smgle cryatals with tetragonal axis | A. Rademak
(1900). 9929, pure. nclined 85° to rod axis. (1949).
L......... Kahlbaum; T the-turned fromarod......... C.H.Lees = .......... Joh Mat- | M d tivity in the in- | D. P. Detwiler
“pure”. (1908). they;99.9967, termediate M H. A. Fairbask
- i pure, (1962a.b).
.......................... M d the ¢ h W.J. de Haas,
conductivity at low tempen- S. Aoyama, = .......... Johnson, Mat- | Single crystal; measured theeﬁect K. Mendelzsohn
tures, absolute values not given. and H. Brem- they; of a magnetic field; for sero field, H. M.
mer (1931) and 99.997%. k=251 at 4.4°K, 19 6 at J.O'K, berg (1963).
W. J. de Haas 18,0 at 2.4°K, in normal staf
and H. Brem-
mer (1931a). M.Ro.....}..... do......... Single ; upper curve in fig- | K. Mandehoh
ure 18b; uupereouducﬁng state. C.A
Hu. 1-4...| Joh Mat- | S les 1-3 were homogeneous | J. K. Hulm (1963)
they; No. 1, solid solutions; #4 was two- (1949, 1950). .
99.996%, pure; phase; both pormal and super- M.Ra.....[..... do......... Polyerystalline; lower curve on fig- Do.
#2, 03% Hg ducting state d ure 18b; superconducting state.
added; #3, Ro........)..... do......... a=60X10" B=0.12........... M.
.3% Hg ad- (1984a).
ded;#4,4.1% X .
Hpg added. Gd.1-5....{ No. 1 and 2, | Polycrystalline; crystal sises about | B. B. Goodmaz
“spect.pure”’; 1 to 3 mm; cast in glass. (1953).
#3,03% In;
and 5, 3%




X Bap waymws 11AILONANOD

T il
T, m
i e % L
* i
g i
R f | rrTJ
I o e
o i HHH
m ! HHH
] i
w L
W | J w LTL{
a i | L
o b W W i
i 38 il
[ m 8 E|
] 1
i ;
k " |
pﬁ '
T T
: ! ﬁﬂ
i !
T !
rr ﬁ ~
i | d |
, L I |
L L v |
i S
2 tHH _ w
w, * _ t.j{
| Il
il | _ !
RN % L
xrﬁm Ll | : ]ILLL
s ot i ,Urj
M i
S IR AN m \ i
Aw,r It RS | L
i il NI i | it
K *J. il il Al Il o t,.iL r
,« = sHmm 1l
W ﬁ Il i ﬂ H i )
i o &
i i 3
Ti % 3 rrﬂ
2 88 8 9 ) oo © ¢ o~ -~ @ @ < Q

TEMPERATURE ,°K

-~




o T ~ i T
E L i | il
H ] : i H
{H T U
M i LEAD ]
e R i
- H 4 1+
10 1 HEHBH T bt FIGURE 19  Hiiis
b ¥ 3 3 53
8 HE A H wesmis
7 S2isz3s HiH T
6 £3 —:'—tg%n :
5 Eifil iRERRRHIRARIELE _ 3 —» »_ i
X 5 3 § SSimERE {11
o 4 iz i
© i Hi T | i SRR RELEE:
§ °H i il i i
~ 1313 RS H
3 } 11 T
> 2 H t+ 1 r*:
- i Eis:
3 i i T E]EF
tnssus pyas 1 1] 1113 1 3 s3
Q FHe H, g : HHH i : I
o PN THHTHEE T it $ T
5 ! =+ eI HHH
(& sS3Ssasea H if EsES £ EGEEESEE
8 =52 EREIEIESS
7 =S5
] Bile. , S
5 SSscazssic 2
. —— NORMAL STATE £ Me £ Zie iRgEsss-os iR CEEEE
TR SUPER CONDUCTINGE Hep 22518
E HHH
3 ST H
HAHH A : A T Af
2 1 L I |l
4 6 8 10 20 40 80 100 200 300
TEMPERATURE ,’K
LEAD LEAD (Cont’d)
Curve Sample source Remarks Reference Curve Sample asource Remarks Reference
analysis and analysis
.......... “Pure”.........] k=035at0°C..................| L. Lorens H.Ra.....| Hilger..........| Melted under vacuum; single crys- | W. J. de Hass
(1881). ; in o super- sod H. Rade-
conducting states. makers (1940).
............... do.........| k=035at18°C.................[ W. Jaeger and
H. Diesselhorst Ra............ do......... Twosingle crystals. . ............ A. Rademakers
(1900). (1949).
.......................... k=0.35 at 26°C, 0.45 at 90°K.. ... .| P. Macchia M.O0......] 002%Bi.......| In both normal and sup duct- | K. Mendelsoh
(1907). ing states. ﬂ‘d%i‘)c)l“ Oleen
Le........ Baxendale; Lathe-turned froma bar. ........ C. H. Lees )
“pure”. (ago8). Studied conduetivitv in intermedi- R.‘Id IYCA‘N)&
te \ , A. Spohr
Me.. .| Kahibsum; 99.- | Colddrawn..._................. W. Meisner ste state. (1851).
998% pure. (1918). & K. Meadelasobn
. . M.R...... Tad , 99.- erystal, measured in both . Mende!
.......... shibaas Results agree with Meissuer (1915). | R. Schott (1916). o e | Single eryelal, superconducting | sod B M
puare”. "“;2'5; xnl%r_lpascu(;vla gives mt;crg
. = , 3=0.10; same 3
.......................... k=0384t 17C, 03824 25°C. ... | T. Pecmaeki & on graph s H. Ra: o
. perimental points marked by
BiLe...|ooooieinini e . C. Bidwel filled circles.
. ORn....}..cccveeiiae... Single erystal. .................. J. L. Olsen and
(1929)- C. A, Renton
.......................... Measured relative temperature Vzﬂidﬁﬂnns (1952).
variation. mer (1931).  eeeeeennn Tadense........ Measured efict of magoetic field..| K. Mendehoobn
Br.H.....\................ Messured in both normal and su- | H. Bremmer and Rosenb
pereonducting states. “1,93’{5 de Haas (19563).
S——— —— K Meoblota S e M| 831, 20 AT o |1 e
.......... ; 99, o ¢l in conductivity . delssoh tinuation & .
during superconducting transm- and R. B, sohn, Rosenberg (1952b);
tion. Pootius (1937). a=290X10"5, B=0.10.
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Curve Sample source Remarks Reference Cutve Sample source Remarks Reference
and analysis and analysis
Re........ Kahlbaum; Rod axis inchined 80° to crystal | H. Reddemann Ca.o..... 99.999% pure. ..} No. 1, a single crystal with rod | C. H. Cartwright
“pure”. axis; studied cffect of magnetie | (1434). % axis parallel to main erystalaxis; |  (1933).
field; R. #2 and #3 are polycrystalline;
. . also measured R, emf.
RO )oviviiainanen. Measured two single crystals, one | M. T. Rodine
with rod axis parailel to trigonal (1934).
crystal axis, one perpendicular.
H.C.1,2, | Hilger;99.995% | Single crystals; No. 1, rod axis par- | W.J.de Haasand CERIUM
3. pure, of { allel to main crystal axis; #2, W. H. Capel
silver. g sin parallel to binary avie: | (1934a, b). Reovee oo, Kk=T/800 from £1020°K.. ... H. M. Rosenberg
rix of binary sxes. (19543).
.......................... At 83° and 90°K results are close to | E. Griineisen and
the ones above; measured effect J. Gielessen
of magnetic field on k and R. (1936). URANIUM
H.Ge.C...| Hilger; .002%, | Single crystal; rod axis parallel to | W.J. de Haas,
ilver, trace of main sxis; measured ef- A. N. Gerrit- T.W.W. oo Quenched; also measured R, emf. .} W. W. Tyler,
. fect of magnetic field. sen, and A. C. Wikon,
W.'H. Capel and G. J.
(1936). Wolgs (1952).
.......................... Measured k between 2.3° and | S. Shalyt (1947). M.R......| Assoc.Elec.Ind | a=750X10"%, 8=95...........[ K. Mendelssohn
714°K. Res. 3 and H. M.
Rosenberg
.......................... M d effect of tic field. .| E. Grilneisen, (1852b).
K. Rsusch,
and K. Weiss Ro.......|..... do......... a=T00X107%, B3=93........... H. M. Rosenberg
(19560). (1954s).
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2.8 Alloys and Commercial Metals

The values for conductivities of experimental
and commercial alloys are given in figures 22
through 29a and in the following tables, arranged
according to periodic group of the major com-
ponent. In several instances a particularly large
class of alloys has been separately presented,
i. e, copper-nickel alloys. Many of the experi-
mental results are for a limited temperature
range, so more of the data are presented in
tables than in section 2.2 on metals. This sec-
tion is also not as complete as section 2.2 be-
cause many of the data were published in now
unavailable journals or institute reports. As for
the preceding tables the following tables con-
tain columns indicating the curve identifying
marks, composition, conductivity, remarks, and
reference. In addition, they occasionally con-
tain information on trade designation or sym-

bols and manufacturing tempers. The names or
numbers and the arrangement within a group
are based upon the corresponding arrangements
in Metals Handbook.t The composition limits
for many of the alloys are also taken from the
Metals Handbook. The tables listed below,
which quote “company or trade manuals”, are
all based on room-temperature values.

In pure metals the greater part of the energy
transfer is by electrons, whereas in alloys the
transfer by the lattice vibration is very signifi-
cant and may be the predominant mode. For
that reason the conductivity is not as sensitive
to small differences in composition as it is in
nearly pure metals. It will be noted in the fol-
lowing graphs that the conductivity curves of
alloys with similar compositions are usually
parallel to each other and seldom intersect.

1Metals Handbook, 1948 ed., Am. Soc. for Metals, Cleveland, Ohio.

ALKALI METAL ALLOYS

MAGNESIUM ALILOYS (Cont'd)

Nominal . Nominal
Com(g%u)mon Conductivity and remarks Reference Com(%ition Conductivity and Remarks Reference
w/em deg K w/cm deg K
Sodium-potassium; | k=0.29 at —8.9°C, 030 at —10.6°C....... J. W. Hornbeek 15Cu............. k=154 at 273°K, 1.51 at 87°K; chill-cast...| W. Mannchen
m ‘l.)y atomic (1913). (1931).
20Cy, 38i......... k=108 at 273°K, 0.89 at 87°K; chill-cast. .. Do.
BERYLLIUM 23Ag............. k=1318425°C3 ...l R.(}(ggxhi )
cmmw&um See figure 2, under “Metailic Elements”. . .| E. J. Lewis 80Ag............. k=116at27°C2....... ................ Do.
myliam Co. of (1929). 1AL k=0888t27°C 2 .......oieiinn Do.
Copper-berylliam | See “Copper Alloys”. .. ............... 42AL........... k=069a422°C™...............oe.. Do.
62AL............. k=058at22°Ct..............ihunnnn. Do.
MAGNESIUM ALLOYS 82AL............. k=051at18°C2........ ...l Do.
103AL............ k=045at19°C2........................ Do.
08 MR.nen k=lB0at 7K, LM TR ... . Blasbler 122AL.......... k=039a423°C2 ... Do.
08Mn............ k=158at273°K, 1.22 a4 87°K V. ......... Do. 24Cu............. k=130at20°C°2 ... ... ... Do.
2MD....oiiee... k=118 at 273°K, 0.67at 87°K 1. ... ..... Do. 63Cu............. k=131a424°Ct....................... Do.
384Mn........... k=1.02a4273°K, 057 at 87K 1.......... Do. 19Ni............. k=136at20°C2.....................0.. Do.
6AL.............. k=0.80 at 273°K, 0.59at 87°K 1. ......... Do. 58Ni............. k=126at24°C2....................... Do.
SBAL.............. k=065 at 273K, 042 at 87°K 1. ......... Deo. 228n............. k=106at21°C2........................ De.
12AL............. k=0592¢ 273K, 0.33at 87°K 1. ......... Do. 648n............. k=074aL22°C3. .. ... ...l Do.
0780 k=1482at 273°K, 1.10 at 8K '.......... Do. 21Z%n............. k=126at26°8. ... ... ............... Do.
158 ceeeennn... k=140 at 273°K, 095 at 87°K 1. ......... Do. 81Zn............. k=100at26°C2....................... Do.
8Ce......cevunnn.. k=1252at 273°K, 1.06 at 8T°K *..,....... Do. 4Zn,05Cu........ “Elektron” k=1.14at26°C"*............. Do.
12Ce.............. k=103 3t 273°K, 0.81 at 87°K '.......... Do. 4AL170,1C4,18n.} k=056at22°C*........................ Do.
8Cu............... k=125t 273°K, 0.88at 87°K . ......... 6 AL 320,04 Cu...| “Dow metal” k=06818¢29°C2........... Do.
8Zn.....c.oninn.. k=119a4273°K, 080 st 87K 1.......... 4 ?léﬁj Zn, 2 Cd, [ k=083at22°C2...............l. Do.
8O- k=l WTE, L0 METK ! oo....o. Do. 4AL3Cd, 180, .| k=080atazCr ...
2B OAL k=000 a4 NTE, 0B ETK ... ... Deo. 4AL2Cd,28n....| k=0568830°C°%...................... Do.
28,8Al.......... k=001 34 273°K, 038 at S7°K }.......... Do.
35,10Al......... k=085 2t 275°K, 029 at 67K 1........... Do. * Vacuum-sonealed.
28,13A1......... k=054t 273°K, 028 a8 ST°K 2. ......... Do.
1 Chill-cast; also measured R.




MAGNESIUM ALIOYS (Cont'd) ALUMINUM ALLOYS (Cont’d)
OOMPANY AND TRADE MANUALS
Composition (%) ! Conductivity ! State 3
ASTM o Nominal
designation Trade designations ccm?‘%m Conductivity
0.
53 lc«. 05 8i, 0.8 Fe, 0.5 Mn,
w/em deg K 2 Mg.
43 Cu 0.4 8, 09 Fe, 0. Ma,
A8 ... Dowmetal A; Maslo AM 241; Brit-| 8 AL 0.3 Mn. .. 075 ’
= DD fos. DD oo fep| O A 04 Mg?
tron A8, Elektros 4 238 Cu, 04 8, 09 Fe, 18 Ni,
A Dowmetal G; Masio AM 240; AM- | 10AL0.UMa..| 71 0 M.
cms{-] British DTD 259; Elek- 4.4 Cu, 0.5 8i, 0.7 Fe, 2.1 Ni,
tron VI, 0.9 Mg.}
AMBOA .} SeeAS.......|........ol 3.8 Cu, 6.1 8i, 0.9 Fe, 0.6 Mn,
1.6 Mg.t
AMI0OA. ...} SeeA10......|............
AZ31X, A, B.| Dowmetal F8-1; Maslo AM-C525; | 3 AL, 1 Za, 03 98 3.7 Cu, 048,06 Fe, 12020 2.
Whitelight F'B-l British DTD Mn.
120A; Elektron AZ 31. 2.6 Cu, 0.4 8i, 0.6 Fe, 20.3 Zn 2.
AZ81X..... Dowmetal J8-1................... 5 ALI(' 1Zn, 025 .88
.

2.5 Cu, 0.3 8i, 0.8 Fe, 0.5 Mn,

AZ$1X,A,B.| Dowmetal 1-1; Maslo AM.CETS: | 8 41 120, 03 26 202

thtebg tJ-1; British DTD88B, |  Mb. ’ :
20A DTD 259 Elek'.ron 1.9Cu, 0.18j, 1 Fe, 1.5 Mg?*..

AZS3,A.... Dowmetal H; Maslo AM 265; Brit- | 6 Al 3 Zn, 0.2 s 1.8Cu, 045,09 Fe, 09 Cr 2.
ish DTD £9A, DTD 289; Elek- | Mb.
tron AZG. 18 Cu, 0.3, 0.8 Fe, 1 Ni, 1.8
AZS0X, A...| Dowmetal 0-1; Maslo AM-C3SS; | 85 Al 0.5 7, 78 Me.
mﬁhﬂﬁ"@ DTD88B; [ .15 Mn. 11.98,08Fet.............
AZ914A,B,C.| Dowmetal R, RC;Maslo AM 263; | 9AL0.7Zn,0.2 n :
g{im D%-D e e %n. n, 0.18,08Fet...............
AZ 92, A.....| Dowmetal C; Maslo AM 260. . ... 9 412 70, 01 n 81Co, 048,06 Fe®........
n.
M1A,B.....| Dowmetal M; Maslo AMA4G3 15Mo........ 126 53 $% 04 8i, 0.8 Fe, 05 Mn,
3S; Whitelight M; British b'm -
143, 118, 140A; Elektzon AM 25 Cu, 0.4 8, 0.0 Fe, L8 Ni,
............. MasloAM284.. ..............| ¢AL02Mn...| 096 09 M.
BX 304 3 rare . 3.8 Cu, 8.1 8, 09 Fe, 0.6 Mn,
......... Dowmetal ERSR Rl -+ z'urtba' 'y .6 Mg.
In. 2.6 Cu, 0.4 8i, 0.6 Fe, 203 Zn 2.
25 o%):z 8i, 0.9 Fe, 0.5 Mn,
ALUMINUM ALLOYS 26
1.9Cu, 0.18i, 1Fe, 1.5 Mg?2. ..
Composition () Conductivity and remarks Reference 1.8 Cu, 03 8, 0.6 Fe, 1.0 Ni,
1.6 Mg.?
w/em deg K 5.3 Cu, 0.5 5, 0.8 Fe, 0.5 M,
05Fe,04Cu............ | k=2018418°C............... W. Jueger and 1.2 Mg+
H. Diesselhorst .
(1900). 4.% (shﬁgt 8i, 0.9 Fe, 0.4 Mn,
Commercial................. k-”l.gla.:gg"c, 1.90 a4 85°K, 1.59 | R. Schott (19186). 1198, 08Fe e ooonn.n.
Composition (%) ! Couduetivity ! State t 0.18,05Fes...............

1 Results by H. Masumoto (1925) at 27°C.
 The samples were chill cast in an iron mold, then annealed for 30 minutes at 450°C.

122 Cu, 0.3 55, 0.6 Fes....... lChﬂLanmnmmold,tnneded,menhutedfummmnsbthC,
quenched in water, nndhtetlcfedt'owwh t o diametar,

122,028,008 Fe, 1 Mn 2. mmmmmﬁﬁ'm.'zw%" o 0%

105 Cu, 038,08 Fe, INi, [ 1.35........00ciivviniinnnnnn. Cast.

38n1,

8.4Cu,0385,0.7 Fe,0.7 Mn 2.,

81 Cu,0.48i,068Fe........

69Cu,035,07Fe, 12802, .
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ALUMINUM ALLOYS (Cont'd) ALUMINUM ALLOYS (Cont'd)
Nomina! composition (%) Conductivity and remarks Reference Curve Compasition (%) Remarks Reference
w/cm deg K N.-“Dural”... 0.5074%(%0.42 Fe, 410Cu, | As dshmped, “Dur- | J. dle“liobel
X v s k=1.323at273°K; 0.88 at 87°K...| W. Mannchen R — ass).
(1931). P.Z.J-J51...) 029 Cui‘OM ,0.02Mn, [...........olll R. W.BPOZ"“’I'
k=131a427°K; 000 st §7°K...{  Dao. o5 M. 08054, 001 Cr, Lol lieter,
k=148st273°K; 90at8TK....|  Do. {rieton
. f::':t ghdnd :7377“::';;1'( ]l;: P.LIAS....| 018Ce LO2ME LM, (... Do
thermally treated. ’ ) 00T -
k=017 8t 213°K; 56 st 87K....|  Do. P.ZJ-758...| 1.6Cu,55%0,25 Mg, 02 {...........cooennn. Do.
k=0.69 at 273'&.44 as 8TK; Do. n, 0.3 Cr.
thermally trea P2JS...| 449 Cu 001 Zn, LaTMe | Do.
W08i......ceeiiiiina k=150 at 273°; 1.21 at 87°K; Do. Fe 0.13
“Aluail”, Sl, 0. mnbr 0.02
4Cua,2Ni, 1.5 Mg;“Y” Alloy”.| k=1.62 8¢ 273°K; 1.12a¢ 87°K... . Do.
Doooeviininnninnann, k=1.53 at 273°K; 1.38 at 87°K; Do.
thermally trested.
Mg, M, 8b; K-8 Alloy 245. ...| A=1.07 at 273°K; 1.00 at 87°K.. . . Do.
Mnu, Mg, 8b; K-8 Alloy 280. .. .| £=1.00at 273°K; 0.80 st 8T°K. . . Do.
M, Mg, 8b; K-8 Alloy Special. | k=1.39 at 273°K; 1.14 a4 8T°K.. ... Do.
Cul.oMn, Mg; Nebon-Kolben | A=1.60at 273°K; 1.32a¢ S7°K. .. Do.
Cu; Nelson-Kolben Vo 1. ... .. k=1.43 a8 273°K; 1.18at ST°K. . . Do.
Cu; Nelson-Kalben.. ......... k=150t 273°K; 1.30 st 8T°K. . . Deo.
35Cu,05Mg.............. k=1.60at 273°K; 0.80 at 87°K.. . . Do.
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ALUMINUM ALLOYS (Cont'd) ALUMINUM ALLOYS (Cont’d)
COMPANY AND TRADE MANUALS COMPANY AND TRADE MANUALS
ABTM o Nominal B ASTM o Nominal
designa- | Trade designati positions (%) | Conductivity | State designa- | Trade designat positions (%) | Conductivity | State
tion tion
w/cm deg K w/em deg K
......... EC....o.ooevnnn..| 9045 AL....... | 234 Annealed. sC4r....l AW !2Sn,25N1,l.2Mg, 117 T 851
A2 28; British BS2L. ... 09 AL ... . .0 222 ... 0.8
2.18 HI1I8 .. D132 .............. 9 Sl, 3.5 Cu, 0.8 Mg, 1.09 TS5
N }::g ................. }l)CCu,2 4NS|. l05.3 ﬁiz }g; F TR
.. 1420l g, 1, (4 K 1
WROUGHT ALLOYS L8 T
t
1.
MI...... 38, 12Mo......... 193 gu A5 Co . i3 T8
1.59 H 14 . 147 T 62
1.55 H18 45 Cll, 258....... 1.38 T4
......... 48..................012M0,1Mg....... 1.63 0 8Cu, 128 142¢188 | T6
1.63 H 38 , 1.2 8i.. 117 ..
CP 21....| 118; British BS6L1...| 5.5Cu, 0.5 Pb, 05 Bi. 155 T3 3.8 Mg 1-3§
CS41.. .| 148; Buitish DTD 364} 4.4Cu,0.85i,0.8Mn, 1.93 0 3.8 Mg, 1.8 20 1.3
0.4 Mg. 1.55 Ts 2 1.34
i T4 3.8 Mg, 188 147
. CM21...| 178;Britsh BS6LL. .| 4Cu,05Mg,05Ma.| 172 | O 38 Mg, 05 8. 14
......... AUS............ .} 25C0,03Mg. ... 135 T4 gﬂsﬁgh-@m- 2
........ ISS British BS 4125, 4 Cu, 2 Ni, 0.5 Mg. . 1.93 0 $EL3SCu .
BS 2143. 1.55 T6l i, 3. 1.05 F
......... BI1SS...............| 4Cu, 1.5Mg, 20Ni. }33 %72 }f; gg
. Briti : 142 T7
oGal.... 24%%.%.3321,40, 45 Co, 15 Mg, 06 158 g . SC21....[3865............ .. 58, 13Cu,05Me..] 167 T 51
......... 258.................] 45 Cu, 0.8 Mn, 0.8 155 Té 142 T6
Si. 1.93 0 147 T 81
......... 328.................) 125 8i, 1.0 Mg, 0.9 158 0 % e
_________ PO NUTTITN Y ¥ Mo N ¥ - o8 SG1....|386..............| 7S 03Mg........| 167 T 51
193 H38 1.56 TS
..................................... 155 1.59 T7
......... ASIS...L 1os.,oeMg.ozs 2,09 0 1.63 Chill T6
Cr. 172 T4 0 e[ S0, A00. 8D 1.13t01.47 )..........
GR1..... 3 I 2.5 Mg, 025Cr..... 138 0 *l’zsg. 35Cu......... 0960100 |..........
1.38 H38 1.380u ........ 0.96 ..........
......... 53S.................] 1.3 Mg, 0.7 Si, 025 172 %4 6.5 Zn, 0.7 Mg, 0.5 96 L.
......... 56S; British DTD 303. 5.2c Mg, 0.1 Mn, 0.1 Y g s 65 %ﬂ- 05 Cu, 0.4 150
T. N * .
Gs21....|es........ 1 Mg, 0.6i,0.25 Cy, 172 ) 6581,1Cy, 1ONi..| 180 ...
025 Cr. 1.55 T4
......... 628.................| 0.25Cu,0.68i,1Mg. ;g g4
......... 838.................] 04Cu, 07 Mg...... ;% }';2 TITANIUM ALLOYS
TG 158, 55 In, um 15 121 T6
% .2 Mn. Curve Composition (%) Conductivity and Remarks Reference
......... RIOL...oouuenn.... 1Mg,ovs.,o.5Mn. 1.93 o
121 T4
155 T6 w/em deg K
......... R37...............| 4Cu,05Mn,0.5Mg, 172 0 _ .
Pb, 0.5 Bi. 121 T4 ... 28Cr,1Fe. ......... Abstract only; k=0.13 at { C.J. Rigney and
279°K, 0.10 8¢ 195°K, 0.06 | L. I. Bockstahler
at 80°K. (1951).
CASTING ALLOYS Fig. 29; | Rem-Cru Titanium, RC | R, emf.......  ......... V. W Tyles sod
T.W. | 130B; 47 Mn, 3.99
BS....... Beoororeeaaenn., 128, 1650 121 {..ovn..... Ti. A1, 044 C. (1982).
43 58 A7 L
}tli; Annealed.
121 | Cast. TUNGSTEN
141 Annealed
8C8..... Allesst.............. 68,3Cu.......... Lo Coat. Composition Conductivity and remarks Reference
113 X
138 %z;d w/cm deg K
8C1..... A10B.......oeennn... 558i,45Cu....... 142 oo “Impuare”........ Single crystal; k=1.83 at 83°K, 1.80 at 21°K. .| E. Griineisen and
......... 112....ciiieeeee | TCO LT 20 ... 1.17 E. Goens
147 Annealed. (1927).
C822.... 1M3..ininiinnnen... 7Cu, 28,172 e
147 Annealed
8 22 o1 & O 7C2,358......... 100 f........
CG1.... w2 10Cu, 03 Mg. ... . 159 T3
}ﬁ T 61

41




CHROMIUM
COMPANY AND TRADE MANUAILS
Compasition Conductivity
K
Commersial. ..... k=0.87 at 20°C. v/em deg
IRON

See figures 8 and 9 under “METALLIC ELEMENTS"

STEELS

The tables for steels are arranged into groups where
the principal alloying metals are as follows: carbon;
silicon; copper, chromium, cobalt, manganese, molyb-
denum, nickel, tungsten, vanadium; and aluminum.

CARBON STEELS

Composition (%) Counduectivity and remarks Reference
w/cm deg K
1C....ll =0.87 at 18°C; wrought iron............. Ww. J; nd
01C k=0.67 a iron H.aﬁig;e Th d
(1900).
1C.......o..l k=0.45 at 18°C, wrought iron Do.

0.1 C.O.NME, 005 | k=072a418°C............cvennnnn.., E. Griineisen
Cu, 0.02 8i, 8, (1900).
003 P.

057 C, 02 8i, 0.1 | k=052at18°C............cccevvinnn... Do,
Mn, 004 5, 0.03
Cu, 0.01 P.

0.99C,0.1 u%:.oo k=081a418°C.............iiiiiiaan.., Do.

&, 0.03 8,
15C,02Mn, 008 | k=030at18°C..................cc...n.. Do.
i, 0.08 Cu, 8,
1 C; “gilver steel”. .| See figure 23, curve with initial L. .......... C.(llig.og)eu
CARBON STEELS (Cont'd)
Composition (%)! Conductivity! State?
w/em deg K

01C,04 Mn,002P,0028............. 0.60

04C, 0385, 0.4 Mn, 002 P,0028....... 44

0.7C,03 8,02 Mn, 003 P,0028....... 45

09C,03%,02Mn,003P, 0028 42

10C, 035,03 Mn 003P,0028... 42

12 C, 0.3 &, 02 Mn, 0.03 P, 0.02 8. 40

15C,028,02Mn, 003 P,0028. ... 39

241 €, 0.12 ', 0.05 Mn, 0.04 P, 0.00 8 £

33
33

“

CARBON STEELS (Cont'd)

Composition (%) Conductivity Btate!
w/cm deg K
2.53 C, 0.06 8i, 0.02 Mo, 0.01 P, 0.03 5. .. 31 A cast.
2.67 C, 0.11 8i, 0.02 Mn, 003 P, 0.05 8. .. 30 Do.
32 1,000°C annealed, 2 br
32 6 br,
32 8hr,
3.12 C, 0.06 Si, 0.05 Mn, 0.02 P, 0.06 8 28 As cast.
3.14 C, 0.01 Si, 0.03 Mn, 0.02 P, 0.03 8 26 Do.
3.17 C, 0.21 S, 0.08 Mn, 0.04 P, 0.06 8 25 Do.
26 Annealed 1,000°C, 2 br.
.26 8 hr.
27 8 hr.
3.53 C, 0.04 8i, 0.05 Mn, 0.01 P, 0.05 3 23 As cast.
3.64 C, 0.16 8i, 0.04 Mn, 0.02 P, 0.02 8 21 Do.
23 Annealed 1,000°C, 2 hr.
23 6 hr.
23 8 hr.
3.93C,0.15Si, 004 Mn, 0.02 P, 005 8. ... 20 As cast.
3.96 C, 0.2 Si, 0.06 Mn, 0.01 P, 0.028..... 19 As cast.
21 Annealed 1,000°C, 2 br.
26 6 hr.
50 8 hr.
413 C, 0.10 Si, 0.03 Mn, 0.02 P, 0.02 8. ... A8 Ap cast.
20 Annealed 1,000°C, 2 hr,
4.26 C, 0.10 8i, 0.03 Mn, 0.02 P, 0.028S.... A7 As .
i 19 Annesled 1,000°C, 2 hr.
4.35C, 0.35 Si, 0.08 Mn, 0.02 P, 0.028. ... 15 As cast.
X 57 Annealed 1,000°C, 2 hr.
4.40 C, 0.34 Si, 0.03 Mn, 0.02 P, 0.088. . .. A5 As
| A7 Annealed 1,000°C, 2 hr.
4.61 C, 0.37 8, 0.03 Mn, 0.02 P, 0.048.... 13 As cast.
. 15 Annealed 1,000°C, 2 br
4.63 C, 0.54 Si, 0.08 Mn, 0.02 P, 0.078. ... 13 As
i 56 Annealed 1,000°C, 2 hr.
3.82 C, 1.24 8}, 0.09 Mn, 0.01 P, 006 S. ... 13 As cast.
) 20 Annealed 800°C, 1 hr.
3.81 C, 1.96 8, 0.05 Mn, 0058........... A3 As cast.
35 Annealed 800°C, 1 hr.
40 Ac{di“tnmhd 1,000°C
3.84C, 1.98 8i, 0.06 Mn, 0.018........... 43 As cast.
52 Annealed 800°C, 1 hr.

! Results by H. Masumoto (1927) at 25°C.

CARBON STEELS (Cont’d)

Curve Composition (%) Remarks Reference
Fig. 24; Mild. .| 0.14 C, 0.08 Si, 0.07 Mn...| “Mild steel”; heated | J. de Nobel
to 800°C and fur- (1951).
nace-cooled.
Fig. 23; 0.33 Mn, 0.18C, 0014 8i. . |.................... R. W. Powers,
. 2.3.- J1. B. Ziegler,
SAE 1020. H. L. Johngton
(1951s).
. 23; 093 C, 034 Mn 026 8i, [.................... Do.
. %.J.- 0.1 Ni, Cr, 0.05 Mo.
SAE 1095,

CARBON STEELS (Cont'd)
COMPANY AND TRADE MANUALS

Compasition (%)

Conductivity
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Specific references can be found under the type of steel.
SILICON STEELS CORROSION RESISTING STEELS (Cont'd)
Composition (%) Conductivity and remarks Composition (%) Remarks Reference
w/em deg K 1.92 Ni, 0.72 Mn, 0.21 8i, | Heated to 800°C and
0.14 C. furnace-cooled.
0.2 8i,0.1C, 0.1 | £=080at18C.....................o..e.
Mn, ace of P, 8, 24.30 Ni, 6.06 Mn, 1.18 C. .| Heated to! WCmd
and Cu. water-quenched
27.30 Ni, 14.8 Cr, 3.5 W, | Heated t01,000°Cand
16281.134Mn,0440. water-quenched,
“era/ATV".
CORROSION RESISTING STEELS 314 Ni, 0.82 Mn, 0.7 C...| Hestedto800°Cand | Do,
(Copper, chromium, cobalt, manganese, molybed- furnace-cooled Do.
num, nickel, tungsten, and vanadium) 36.17 Ni, 0.92 Mn, 016 C, | Heated01,060°Cand |  Do.
0.09 81 water-quenched.
Curve Compoeition (7,) Remarks 75 Ni, 131 Ms, 034 C, | As forgedi "AME.".| Do
3 .
F:ge..za; Kr. o.ss 1%3 %.4 C,038,003 .. ..coouvninrnnnn, 2.23 Mn, 0.41 C, 0.07 8i...| Heated to 800°C and Do.
' furnace-cooled.
“Stai = 12,69 Mz, 1.27 C, 0.12 Si. .| Heated 102,000°Cand Do.
............. ‘Stainless”. ............. kaZl%"{(/,ulnl‘:?lg “wnter-qneneheq', Do,
K, 15 at 20°K. 'manganese steel
12.95 Mp, 0.10 8, 0.12 8i, | Heated t01,000°Cand Do.
0.09C, 005 P. water-quenched
3&9Mn,07 8i,02C, 008 |..... do............. Do.
8,0.04 P.

43
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Specific references can be found under the type of steel.
CORROSION RESISTING STEELS (Cont’d) CORROSION RESISTING STEELS (Cont'd)
Curve Composition (%) Remarks Reference Curve Composition (%) Remarks Reference
13%Cr...... 13.5 Cr, 0.36 C, 0.22 8i, | Heated to 800°Cand | J. de Nobel PZJ-347....] 1788 Cr, 1028 Ni, 1.2 |.................... R. W. Powers,
0.13 Ma. furnace-cooled. (1961). Mn, 085 Nb, 0.57 SI, J. B. Ziegler,
0.26 Cu, 0.08 C, aad 4. L.
13% C, |..... do.............l Heated to 850°C, oil Do. 0.02 P. Johnston
quenched. quenched, rebested Do. (19513).
to 450°C, air-
cooled. P.Z.J-304...] 18.68Cr,884Nj, L.12Mp, |.................... Do.
0.43 Sy, 0.06 Cu, 0.05 C,
19%Cr...... 18.8 Cr, 8.1 N:, 0.43 Si, | Heated $01,150°Cand Do. 0.03 N, 0.02 P.
024 Mn, 9.12C. water-quenched.
Fig. 23; B.- | 79 Ni, 189 Cr, 1 Ti, 0.7 | Austenite grains | R. Berman
3% Ni....... 2.61 Ni, 0.75 Mo, 0.49 Cr, | Heated to 850°C, oil- Do. Stainless. 8i, 0.1 C. about 0.01 mm (1951b).
0.45 Mn, 027 C, 0.11 8i, quenched, reheated across,
0.03 P, 0.01 8. to 650°C, water-
qmnched Fig. 23; Es. | 18Cr, ONi, 0.05C.......|............coooll I. Estermann and
i.-303. J. E. Zimmer-
ﬁf’. 23; 0.99 Cr, 052 Mn, 033 C, |.................... R. W. Powers, man (1852).
.Z2.J.-SAE 0.2 8i, Ni, and Mo each. J. B. Ziegler,
4130. ;nd H.L. Ee.71.-347....| 18Cr,10Ni,0.5Nb,0.08C.|.................... Do.
(1951a). T.W-318.....| 17Cr, 12 Ni, 2.5 Mo, 0.1 C.| 25% cold reduction. . WA.wé ﬁo.:d
P.2.5410...| 126 032 Mo, |...........ooooilllL Do. (1962).
0.12 1,009 0.0GCG,
0.03 N, 0.01 P.




CORROSION RESISTING STEELS (Cont'd)
OOMPANY AND TRADE MANUALS

“

NICKEL ALLOYS

OOMPANY AND TRADE MANUAILS

AISI No. Nominal composition (%) Conductivity
w/cm deg K
........... 0.08C, 045 Cr, O7 Nj, 31 Mn, 02Mo............ 0.59
........... 0.23 C, trace Cr, .074 Ni, .635 Mn, .13 Co 52
.......... 0.415 C, trace Cr, .063 Ni. 643 M, .12 Cu 52
........... 0.325 C, .17 Cv, 3.47 Ni, 0.55 Mn, .09 Cu, .04 Mo 37
........... 0.34 C, 0.78 Cr, 3.53 Ni, 0.55 Mn, .39 Mo, .05 Cu. .. 33
........... 0.315C, 1.09 Cr, 0.073 N1, .69 Mu, .0(2 Mo, .07 Cu. .. . 48
........... 0.35 C, .88 Cr, .26 Ni, .59 Mn, .2 Mo, A3 Cu.... . 43
........... 5Cr,05Mo............. ... ... ... 37
........... 1.22 C, 0.03 Cr, .07 Ni, 13.0 Mn, 0.22 Si, 07 Cu. . .. 13
........... 0.28 C, trace Cr, 28.37 Ni, 0.89 Mn,.15 51,.03 Cu_ .. 13
........... oogz% 1811 Cr, 8.14 Ni, 0.37 Mn, .68 Si, .6 W, 18
.
........... o.xglc\} 12.95 Cr, 0.14 Ni, .25 Mn, .17 8i, .06 Cu, 27
........... 097 C, 13.69 Cr, 0.21 Ni, 28 Mn, 25 W, 02 V_ ... 26
........... 0.715 C, 4.26 Cr, 0.067 Nl, 25Mn, 18.45'W, 1.08 V.. 25
302 | 014C, 18 Cr 9 N., ........................ 22
303 {015 22
300 | 020 19
410 | 015 40
418 | 015 40
€20 015 33
430|012 30
40 lo7c 17 25
........... 15Cr, 35N 13
DEOXIDIZED STEELS
(Aluminum)

Curve Composition (%) Remarks Reference

Fig.24;4%Al.| 4. 1 Al 0.13 S . oos Mn, | Heated to 800°Cand { J. de Nobel
0.03 C, 0.01 furnace-cooled. (1951).

Trade Nominal composition (%) Conductivity
Designaticn

w/cm deg K
A Nickel. ... .... 99.4 N|+Co 02Mn, 15F¢, 10y, 1C. .. ... 0.61
D Nickel........ O5Ni, 48Mn... ... 48
onel.......... 87 Nl 30Cu, 1.4 Fe, 1 M0, 0.15C, .1 Si...... 26
K Monel, ....... 66 Ni. 29 Cu, 2.75 A1, 0.9 Fe, .75 M, .5 81, .15 C. Aty
Hastelloy A. .. .. 57 Ni, 20 Mo, 2(1 Fe ....................... 17
Hastelloy B. .. .. 62 Ni, 30 Mo ........................ A1
Hastelloy C. .. .. 58 Ni, 17 Mo 15 Cr SW, 5Fe. ... .. ... .. A3
85 Nl 108,3Cu......... .. 21
80 Nl 4Cr,6Fe....................... .. Bi
58 Ni, 22 Cr, 6 Cu, Mo, Fe'each. ........ ... 12
80 Nl, 0Ce. ... .. 58
60Ni,24Fe, 16 Cr.. ... .. ........ ... ... 14
35Ni,50Fe, 15Cr......................... A3
88 Cu. ... 23

45




250 T 7 T
zOOE L R il ] i
HHHEINICKEL ALLOYS|E T T g 7
FIGURE 25 i I : L | nconel 1111 TH P TH T
bl 88 SEEfHRsseckcts L H iRl L ssEEERRSsaL:
it L e LT LR | Haer]
100 as 1 3 11
=SS EpZJ. o e
80 SSSSSssssiissiriiiss contog EE=SE] ESE:
4 = =
g° ; -
H ] ot a4 3 H H H H HH
E 22 E
-~ - ot
> ) 55
e n
> +
B 20 > 25
o o
2 $ } Hi
(=] s Y s 5 3 T
2 Pt > 5
Q
(&) A5
10K ] i = 1 ! L s
. SEcosiiiciio=ooo
8 & =& =
6 t,\bi
%
4
i F
2 5 UL + A é:
QII\ 6 8 10 20 40 - o] 80 100 200 300
TEMPERATURE ,°K
NICKEL ALLOYS (Cont'd) NICKEL ALLOYS (Cont'd)
Curve Composition (%) Conductivity and Reference Curve Compasition (%) Conductivity and Reference
remarks remarks
w/em deg K w/cm deg K
............. 97,0 Ni, 1.4 Co, 1 Mn, 0.4 | k=0.59 at 18°C.....| W. Jacger and teveevernso.| Commercial; 99.4 Ni......| See Fig. 8and Nickel | J. de Nobel
Fe. H. Diessefhorst Table under “Me- (1951).
(1900). tallic Elements™.
............. 80 Ni, 20 Cr! “nichrome”. .| k=0.31 above room { R. Kikuchi N.-Monel.....| 67Ni,302Cu...........| Asforged........... Do.
temperature. (1932). .
. 24; 57% | 7.5 Ni, 1.31 Mn, 034 C, | Asforged........... Da.
............. 70 Ni, 18Cr, 12 Fe.......| k=0.28 above room Do. i. .14 8i; remainder Fe, ap-
temperature. prox. 40.

Fig. 25; Kr. | 60Ni, 156Cr, 16 Fe,7Mo. .}.................... J. Karweil and Fiz. 25; Es. | Incomel.................. Harddrawn........ 1. Estermann and
gc.-Contr- K. Schifer i.-Inconel J. E. Zimmer-
acid. (1939). (drawn). man (1952).

P.2.J.-Inco- | 8O0Ni, 14Cr,6Fe........|.........coovan. .. R. W. Powers, Es. Z.- Inco- |..... [ T Avnealed........... Do.
nel. J. B. Ziegler, nel, #1.

and H. L.
Johnston Es. Zi.-Inco- |..... do.....ooiiniii, Hotrolled. ......... Do.
(1951c). nel, #2.
Pf‘:‘:(}mﬁ'- 60.[95 }’}3 154‘74 E{X lfa 83 ..o Do. Ea.Zi-Monel. | Monel. ................. Hard-drawn........ Do.
o 2. n,
005 G. B Zi- Mol | Monel ..o Avsealed............ Do,
an .
P.Z2.J.Monel.| 67 Ni, 30 Cu, 1.4 Fe, 1.0 | Hot-rolled.......... Do.
Mn, 0.15 C, .1 8i, .01 8.
P.fo.ﬁumel. ..... do..ooiiiiiiiiiiians Cold-rolled. . ....... Do.
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PRECIOUS METAL ALLOYS PALLADIUM ALLOYS (Cont’d)
See also the tables given under “SILVER ALLOYS”
and “GOLD ALLOYS”. Composition (%) Conductivity and remarks Reference
PALLADIUM ALLOYS
w/em deg K
Compesition (%) Conductivity and remarks Reference Commercial. ..... .. k=042at17°C................... ..l T. Barratt and
R. M. Winter
(1925).
w/cm deg K .
85.5 Pd, 14.5 Cu. ..} Polycrystalline; see Fig. 26, “Pd-15% Cu”...] E. Griineisenand
90Pd, 10Ag...... k=048at25°C.......................... F. A. Schulse H. Reddemann
(1911). (1934).
80 Pd,20Ag. ..... k=0.37 at 25°C Do. 50 Pd, 50 Cu...... Annealed; see Fig. 26, “Pd-50% Cu”. ...... Do.
70Pd, 30 Ag...... k=032 at 95°C Do. 55 Pd, 45 Au. ... Ann?‘r’];d : br. at 800°C; see Fig. 26, “Pd- Do.
| I
60Pd, 40Ag...... k=0278626°C....ooeeneeneeiann .. Do. i
50Pd, 50 Ag...... k=032at25°C.......cooiiiiiiiiininnn, Do.
90Pd, 10 Ag...... =052 8L 25°C. .ooeoneeeeeeeee Do. PLATINUM ALLOYS
80 Pd, 20 Au...... A=042at25°C........................l. Do. “Impure”. ........ k=0518a818°C..._...........c......... W. Jaeger and
704,30 Au..... k=040 st 25°C Do. K Dasmcihorst
60Pd, 0 Au...... k=0.36 2t 25°C Do. 9P, 10Pd....... k=043a825°C.......................... F. A. Schulse
S0P, 50 Au...... J=0.36 8t 25°C Do. 91
9P, 10P...... K=088at25°C............coeeee. Do. SOPL20P....... k=028t 26°C. o Do.
80Pd,20Pt....... k=0448026°C oo Do. 0P, 0M........ k=03 at28C. oo Do
70 Pd, 30 Pt....... k=040 25C..ooooooeeenneeeeee . Do. GOF4 O Pd....... A=0348425°C.o Do.
60Pd, OPt....... K=0388495°C......ooeeeeeeeeaeee Do. S0PLSOP....... k=0378 25°C Do.
S0Pd,50Pt....... k=037a425°C...................il. Do.
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PLATINUM ALLOYS (Cont'd)

—-——

OOPPER ALLOYS (Cont’d)

Composition (%) Conductivity and remarks Reference Curve Compasition (%) Conductivity and remarks Reference
w/em deg K w/om deg K
SOPL 10 ...... kwQ3Lat17°C............. L T. Barratt and Eu. Di.-Cu- | 70 Cy, 30 Mn. ..., .. About 48 crystals per cen-{ A. Eucken and
R. M. Wiater 30% Mn, timeter. K. Dittrich
(1928). 1. (1927).
8Py 15Ir....... k=023ab17°C... ...l Do. Eu. Di.-Cu- |..... do.............. About 112 crystals per Do.
80% Mna, centimeter.
80Py, 20Ir....... k=0.18a417°C... ... Do. 2
9OPy, 10Rh...... k=030at17°C..... ... Do. 3Ag................ Unannesled; k=3.57 at | E. Griineisen and
9 stomic 7, P, 4 | k=040 st 16°C H. Johansson 8 and K. G0
atomte =404t 18°C. ... ... O 1 .
atomie % Au. C a0 (a9an
(1930). ] do.............. Annealed 3 hr at 390°C; Da.
kw=4.06 st 83°K, 8.10 a¢
90 atomic % P4, 10 | k=035at18°C....... ... ... .. ... Do. 21°K.
atomic % Au.
. Fig. 27;G. | 95.5Cu, 45 Au. ... .. Polyerystalline; unan- | E. Griineisen and
T8 atomic % P4, 25 | k=024ab18°C.......................... Do. Re.-4% nealed. H. Reddemann
atomic % Au. Au. (1934).
58 atomic 7, P4, 46 | A=0.21a4 18°C. .. ... ... Do. G.Re.-10% | 903 Cu, 9.7 Au...... Polyerystalline; unan- Do.
atomic %, Au. Au. nesled
............ 75.1 Cu, 24.9 Au.....| Quenched from 800°C; Do.
. - k=034 at 83°K.
COPPER ALLOYS doeeeerinn. Anealed 20 br 8t 400°C; | Do
See also the “COPPER-NICKEL ALLOY” graph and k=061 at 83°K.
and tables. ] do.......c.o..tt Annealed 32 br at 360°C; Do.
k=0.63 at 83°K.
Curve Compasition (7) Conductivity aud remarks Refereace ... do.............. Same as above except later Do.
R
en quenc] =
w/cm deg K at'831(
"""""" Abg?%f_z Cu, 18 Ni, Nelmlber k=029 st | L Lorens (1331). G. Re.-25% }.....do..............| Same assbove except later Do.
Au. annealed § months at
............ About 82 Cy, 18 Zn. .. “%g% brass”; k=1.03 at Do. room temperature.
: G.ARe.-%% ..... do.............. Sts::' ;::ubove exu]g; ‘;‘;’6 Do.
w“ " k=, . u, san- i y anneal
............ About 85 Cu, 38 Zn. .. Y:illg%'brm ; k=088 Do. nealed. br ¢ 320°C.
............ 034P.............| k=095at15°C..........] A. Rietssch G. Re.-Cu- | 49.9 Cu, 50.1 Au.....} Aonealed 30hrat320°C...} Do,
(1900). 0 AU
=0, o G. Re.-Cu- | 499Cu, 00.1Pd..... Anpealed. ............... Do.
k=060at 168°C.......... Do. 50 Pd.
k=083t 15°C......... Do. G.Re.-86% {938Cu,04Pd...... Polycrystatline; unan- De.
k=0348416°C.......... Do. Pd. nealed.
km0.27 at 15°C. .. ....... Do,  ereeeeneenns 86 Cu, 46Pd........ Annealed; k =0.67 at 83°K .. Do.
k=015t 15C. ... Do. G, Re.-45% |..... L Anncaled 2hrat 800°C....]  Do.
k=lUat16C.......... Do. G RotS% | dor..ooo Further svesed 0 brat | D
- 0 y (0=~ .
k=082a415°C.......... Do. P “NS
............ 268As.............| k=054at15°C.......... Do.
............ 300As.............  k=054a815°C.......... Do COPPER vS (Cont'd
............ 502As.............| k=020at15°C.......... Do. (Cont'd)
............ 86.7 Cu, 7.15 Zn, 6.30 | “Red brase”; k=0.80 at | W. J. Composition (%) ! Conductivity !
B 03 B 18°C. . Dicaselhorst position (%) uetivity
(1900). / K
............ 84Cu, 13Mn, 4Ni...| k=033a818C..........| Do . ':":'
ol o ol 2
.37 L~ | 70Cu,80Zn.........0..ccieiiiiiaiiiaeeaa . H, Lees 99.80 Cu, 0.19 213 %
rass. (1908). 99.78 Cy, 0. 192 ¢
L 90.65 Cu, 0 165 *
. 37; L.- | 63Cu,237Zp, 15 Ni...| “German silver”. . ....... Do. 99:53 Cy, 0. 120 3
r. silv. 99.06 Cu, 1. 082
. 98.00 Cu, 1. 051
L-Phat...... Apgrox. same as | “Platingid”.............. Do. 96.00 Cu, 3. 0.4 2
L.-Manganin.| 84 Cu, 13 Mn, 4 Ni...] “Manganine”. ........... Do. 1 These values were dvhmnedbyCSSmth(lm)nN‘C Sometimes the com-
82 Cu, 18 Za “Red bram"”; “fine” A. Eucken and th 40 5P Lo mors thas
..................... o e ud mmmzmzwmnmwﬁmm
0.06 at 90°K. (1924).
................. [ L S Do.
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TEMPERATURE , K
COPPER ALLOYS (Cont’d) COPPER ALLOYS (Cont’d)
Compwosition (%) ! Conductivity ? Composition (%) ! Conductivity } State !
w/cm deg K w/cm deg K
9995 Cu, 0.07 AL Ot Fe. . ...l 3.52 2 99.986 Cu, 0.002 Fe, 020s......... .. 394 2
99.77 Cu, 0.22 A}, .01 Fe 291 2 66.24 Cu, 33.72 Zn, 0.03 Pb, .01 Fe, 001 S.. ... 1.20 2
99.47 Cu, 0.47 Al, .02 Fe 235 2 96.94 Cu, 3.04 20,002 Fe. ......... ......... 268 2
9920 Cu, 0.71 AL, 09 Fe.............. 175 ¢ 95.21 Cu, 477 Zn, 002 Fe. ... ......... .. 242
98.08 Cu, 1.89 A}, 003 Fe............. 1.23 2 47.49 Cu, 0.06 Fe, .27 Ni, 2.24 Be 0.86 2 Quenched
95.25 Cu, 4.61 AL 014 Fe. ... . ... 0" 083 2 97.49 Cu, 0.08 Fe, .27 Ni, 2.24 Be 1.03 Reheated.
92,15 Cu, 7.72 AL 013 Fe. ... ........... 0.72 2 97.49 Cy, 0.06 Fe, .27 Ni, 2.24 Be 074 2 Quenched, cold-
90.56 Cu, 9.37 ALOO7 Fe............... 0.65 2 drawn.
80.88 Cu,9.90 AL, 022 Fe............... 0.66 2 97.49 Cu, 0.06 Fe, 27 Ni, 224 Be............. 0.82 2 Reheated
87.76 Cu, 12.15 AL, 009 Fe. . ... ......... 0.54 85.10 Cu, 12.47 Zn, 1.88 Pb, 0.05 Fe. .. 1.60 2
99.94 Cu, 0.07 Mn, 0t Fe, 02 Mg........ 362 3 61.85 Cy, 34.79 Zn, 3.29 Ph, 0.07 Fe . 1.08 2
99.88 Cu, 0.14 Mn, 01 Fe, .01 Mg........ 3283 65.99 Cy, 29.18 Zn, 4.02 Pb, 0.01 Fe. ... . .. 111 ¢
99.55 Cu, 0.43 Mn, .01 Fe, .0) Mg.._... .. 226 3 88.07 C'y, 3.70 Zn, 3.77 Sn, 3.83 Pb, 0.03 Fe. . .. 0.90 2
99.05 Cu, 1.05 Mn, 0.01 I'e, .01 Mg..... 1.50 3 £R.08 C'u, 4.09 Zn, 3.76 Su, 3.80 P, 0.02 Fe, 25 P. 056 2 R
98.27 Cu, 1.77 Mn, 0.03 Fe, .01 Mg.. ... 102 3 60.41 (*y, 37.09 Zn, 1.03 Sn, 1.12 P’b, 0.02 Ke, .18 100 2 Chill-cast.
95.34 Cu, 4.55 Mn, 0.06 Fe, .02 Mg.... .. 0.49 2 Al 21 8i.
90.25 Cu, 9.53 Mn, 0.18 Ie, .02 Mg, .021 C.. 0.26 3 56.01 Cy, 25.93 Zn, 0.18 mn, 17.95 Ni, 0.08 Fe, 030 2
80.03 Cu, 19.82 Mn, 0.09 Fe, 02 Mg, .035 C. . 0.15 3 02 C.
63.76 gfu, 19.79 Zn, 0.”; mn, 16.29 §i' 0.14 Fe.. 34 2
W o s 7 a8 NI ) e 2
¥ These values were determined by C. S. Smith (1935) at 20°C. Sometimes the com- 65_’3: o 23.80 Zn, 0.18 Mn, 10.36 Ni, 0.08 Fe, A6
position pereentages add up to more than 100. 59.76 Cu, 20.88 Zn, 0.15 Mn, 10.13 Ni, 0.0 Fe, A2 2
2 The copper-aluminumn alloys were rolled and annealed at 700°C and were in the .04 Mg.
solid solution (except, the 12 Al, which was & ). 64.04 Cu, 30.50 Zn, 5.41 Ni, 0.05 Fe........... 59 2

3 The COPPET-manganese alloys were deosidized with magnestum, hot-rolled, and an-

nealed at 700°C.

1 These values were determined by C. 8. Smith (1935) at 20°C. Somctimes the com-

position pereentages add up to more than 100.

2'The iniseellancous alloys were extensively worked, annealed, and slowiy cooled

except where noted.
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OOPPER ALLOYS (Cont'd)

Compagition (%) Conductivity * State !
w/cn deg K
56.57 C\h,ll“ Za, 13.24 Ni, 0.10 Fe, 2.23 Sn, 311 Sand-cast.
10.44 Pb. i
80.08 Cu, 4.98 Ni, 0.08 Fe, 5.11 AL 0.74 8i. .. .. 45 ¢ Quenched
89.08 Cu, 4.98 N, 0.08 Fe, 5.11 AL, 0.74 8i. ... 57 ¢ Reheated.
89.08 Cu, 4.98 Ni, 0.08 Fe, 5.11 AL 0.74 Si. .. .. 66 Furnace-cooled.
56.13 Cu, 43.34 Zn, 102 Nij, 049 Fe... ... ..... 1143
89.38 Cu, 0.31 Ni, 0.52 Fe, .38 8n, 9.41 Al .. .. 0.60 3
76.79 Cu, 22.22 20, 0.01 Fe, 108 A). .. ... ... 1.00 *
50.38 Pcbu’ 38.36 Zn, 0.12 Mn, 1.06 Fe, 0.98 Su, 101
.13 Pb.

90084 Cu, 003 Fe, 328i.................... 1.65 2
98.81 Cu, 4.51 Mn, 0.11 Fe.. ... 0.46 2
99.21 Cu, 0.01 Fe, .01 8i, .85 Cd 3.45 ¢
98.41 Cu, 0.02 Fe, .50 0285, 107Cd. ... 2333
72.49 Cu, 17.76 Zn, 3.34 Mn, 1.78 Fe, 4,44 Al 0.50 2
94.00 Cu, 1.03 Mo, 0.08 Fe, 4683i............ 0252 Sand-cast.
05.69 Cu, 0.99 Mn, 0.16 Fe, 3.23 Si. .33 *
98.10 Cu, 0.30 Mn, 0.06 Fe, 1.50Si............ 0.54 3
81.55 Cu, 14.21 Zn, 0.20 Mu, 0.04 Fe, 4.00 Si. .. 028 1 Chill-cast.
98.83 Cu, 1.132n, 002 Fe, 311 8i............ 0.37 2
78.30 Cu, 0.20 Ni, 8,04 Sa, 13.32 Pb, 0.1 P._ ... 043 Sand-cast.
87.86 Cu, 3.0 Zn, 0.03 Fe 887 8n............ 054 2 Sand-cast.
88.36 Cu, 1.90 Zn, 0.07 Fe. 3558n............ 0.50 * Sand-cast.
60.054040:‘ 36.46 Zn, 0.21 M., 0.73 Fe, 1.48 Sn, 0.96 * Sand-cast.
99.04Cu, 007 Fe, 9Cd. ... ............... 2.76 3
60.75 Cu, 0.47 Mn, 48.69 Fe, 0.05 8i, 02 C..... 099 2

1 These values were determined by C. S.

position percentages add up to more than 100.
t The miscellaneous alloys were extensively worked, annealed, and slowly cooled
except where noted.

COPPER ALLOYS (Lont'd)

lso%mh (1935) at 20°C. Sometimes the com-

Curve Coumpesition (%) Remarcks Reference
I-‘ig: 27; Kr. | 64Cu, 20 Zn, 16 Ni. ..} “Neusilber"............. J. Karweil and
~Ger. K. Schifer
silv. (1939).
ll‘ig; 27; Kr. | 46 Cu, 41 Zn, 13 Ni...| “Silberbronse”. .......... Do.
.-bronse.
§ig. 28a; AL | 45.9 Cu, 42.1 Zn, 9.8 | “German silver”; data fits | J. F. Allen and
n.-Ger. | Ni, 20 Pb, 0.15 Fe, | equation k=53X10~¢ | E. Mendoss
silv. 0.05 M. Ts. (1948).
%27 Fig. | 47 Cu, 41 Zn, 9 Ni, 2 | Mean diameter of crystals | R. Berman
2e; E‘ Pb. was 0.02 mm. (1951b).
., silv.

COPPER ALIOYS (Cont'd)

COMPANY AND TRADE MANUAILS

Name Nominal Composition (%) Conductivity
w/cm deg K
99.92 Cu, 0.04 O 3.01
.} 99.84 Cu, 0.02P. .. 3.39
J1992Ca......... 3.93
.| 99.9 Cu, trace Ag 3.93
.{ 99.45 Cu, 0.3 As, 0. 1.76
.| 99.4 Cu, 0.6 Te 3.5
.| 99.98 Cu, 0.02 B. 3.88
.| 99.4 Cu, 0.6 Se.. 3.84
.| 990Cy, 10P). .. 3.84
.} 98.05 Cu, 0.86 Cr.. 3.24
99.00 Cu, 1.00 Cd 3.44
95 Cu, 5 Za. 2.24
90 Cu, 10 Zn.. 1.88
[ CB‘:J Zn, 173
875 12.5 Zn 173
85 Cu, 18 Zn.. 1.59
80 Cu, 20 Zn 1.38
70 Cu, 30 Za 121
65 Cu, 35 Zn.. 1.17
.| 60 Cu, 40 Zn. . 1.21

COPPER ALLOYS (Cont'd)
COMPANY AND TRADE MANUALS

Name Nominal Compasition (%) Counductivity
w/cm deg K
Leaded Brasses:
Leaded commercial bronze. . . . .. 90Cy,9.5Zn, 05 Pb. . ... . 1.80
Leaded commercial bronse. . .. .. 89 Cu, 0.252Zn. 175 Pb. . . .. 1.80
Commercial bronse. .. .... ... .. 90.25 Cu, 6.9 Zn, 1.75 Pb, { Ni 1.40
Low leaded brass. . ......... ... 64.5 Cu, 35Zn,05Pb.. .. .. 117
Lowleaded brass. ..... ........| 67Cu, 32520, 05Pb. ... .. 1.18
Medium leaded brass. .. ... .... 84.5 Cu, 34520, 1.0Pb. .. ... 1.17
High leaded brass. .. ........ .. 62.5 Cu, 38.75 Zn, 1.75 Pb .. . 1.17
High leaded brass. .. ...... ... 64 Cu,342Zn,20Pb........ .. 1.15
Extra hign leaded brass. . ... ... 62.5Cu, 35Zn, 25Pb........ 117
Free cutting brass. ... ... . ... .. 61.5Cu,355Z0,3Pb. ... ... 147
Leaded Munts metal . ... ... .. 60 Cy, 39.5Zn, 05 Pb.. ... . 1.21
Free cuting Munts m-tai. .. ... 50.5Cu, 38420, 1.1 Pb.... ... 1.17
Forging brass... .. . ... ... .. 60Cu,38Zn,2Pb........... 117
Architectural broase. ... ... ... 57Cu, 40 Zn, 3Pb. ... ... 1.21
Leaded naval brass............. 600(3713 g7.5 Zn, 0.7 40 1.75 Pb, 117
.75 Sn.

Leaded tin bearing bronse. .....| 87 Cu,4Zn,88n, 1 Ph..... . 0.47
High leaded tin bronze (bushing).| 80 Cu, 1050, 10Pb. ... ... 0.47

bronse... .. ............. 64 Cu, 8 Zn, 20 Ni, 4 Pb, 4 Sn. . 0.23
Leaded nickel braas. .. .. ...... 60 Cu, 16 Zn, 16 N}, 5 Pb, 3 8n. 0.27

Special Brasses:

Admiraity metal............... 71 Cu,282n,18n........... 1
Navalbrass. .................. 60 Cu, 39.25 71,075 8n. . .. .. 1
Manganese bronse 58.5 Cu, 39 Zn, 1.4 Fe, 1 8n, 1

Aluminum brass .

Nickel silver 15%,... ..........
Leaded nickel siiver 12%........

Chromium copper. .
“Hitenso-961". . .

“Hitenso-966". .. .. ..
Aluminum bronge §9-1
Aluminum bronse 86-4-

0.1 Mn.
{76Cu,222Zn,2AL ... ... ...

IRBRBEE2

94.97 Cu, 4.02n,1.08n, 0.03 P.
88.00 Cuy, 10.0Zn,208n......

u,
70.0 Cu, 29.0 Zn, 1.0Mn. ... ..
55Cu, 27 2o, 18 Ni..........

90 Cu, 10 Sn, trace P.. .. ... ..
98.75 Cu, 1.25 80, trace P. .. ..
98.7 Cy, 1.258n, 005 P. ... ...
98.24 Cu, 1.75 80, 0.01 P. ... ..
95.95 Cu, 4.08n, 005 P.......
95.75 Cu, 4.0 80,025 P..... ..
95.17 Cu, 4.0 Sn, 0.08 P, 0.5 Fe
94.75 Cu, 5080, 025 P... ...
93.9 Cu,5.08n,0.1 P, 1 Pb..
93.7Cy, 6080, 03P, .. -.....
91.76 Cu, 8080,025P.......
89.75 Cu, 10.0Sa,025P. ... ..
87.90 Cu, 4.0 Sno, 4 Zn, ¢ Pb,

0.1 P
ot
95.8 Cu, 3.
S8
90.75 Cu, 2.
95 Cu, 5 Al
92 Cu, 8 Al
88 Cy, 10
82.5 Cu, 1

Cy, 7 A

%

2 Ou: o

Cu, 10

Cuy, 10

5Cu, 8
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TEMPERATURE , K
COPPER ALLOYS (Cont’d) COPPER-NICKEL ALLOYS
COMPANY AND TRADE MANUALS See also the “COPPER ALLOY” graph and tables.
Name N | Compesition (%) | Conductivity State Curve Compasition (%) Conductivity and remarks Reference
Beryllium € w/cm deg K w/cm deg K
sryllium re:
l)crylliumog::pet ..... 97 Cu, 2 Be, 025 . ...... 0.84 Solution ... ... .... About 62 Cu, 22 Zn, | “Neusilber”; k=0.2Y at | L. Lorens
mugéd 15 Ni. C. (1881)
quenched.
1.05 Asabove ... ......... 60 Cu, O0Ni......... “Constantan; k=0.23 at | W. Jacger and
plus 18°C. H. Dicsclborst
chemically .
hardened.
0.84 As ?bov;ld ............ 54Cu, 46 Ni......... k=02tat18°C.......... E Gn'in)cioen
pius - (1900).
rolled.
0.75 Solution Figc27; IlJ.- 62 Cu, 22 Zn, 15 Ni.. .| “German silver™. .. ... ... C. l;oslsma
treated, ier. silv. (1 .
chemically
qul:inched, L-Plat...... Approx. sameasabove.| “Platinoid™.............. Do.
cold-
rolled. ... 60Cu,40Ni......... “Eurcka” or constantan; { T. Bamatt and
Beryllium alloy 25... .| 2 Be, 0.3 Co, balance Cu. .. .21 k=021 at 17°C. R. M. Winter
Beryllium alloy 165...} 1.7 Be, 0.3 Co, balance Cu. . .21 (1925).
Beryllium alloy 10....{ 0.5 Be, 2.4 Co, balance Cu. . £.28 . )
Hium alloy 50....| 0.4 Be, 2.55 Co, 1.0 Ag, bal- 222 Fm.Dzs; Eu. | 60Cu,40Ni......... 51 crystals per cim; al:g A. Eugr_:n ngd
ance Cu. 1.-con- meas sampics wi ittric
Beryllium alloy 20C. .| 2.1 Be, 0.5 Co, halance Cu. . 1.05 stantaa. other crystal sise. (1927).
Beryllium alloy 275C .| 2.7 Be, 0.5 Co, balance Cu. . 0.96 . o
Beryllium alloy 10C. .| 0.6 Be, 2.5 Co, balance Cu.. 213 | e INE . k=150 at 83°K, 0.62 at | E. Griineisen snd
21°K. E. Goens
(1927).
Fig. 27; Kr. | 64 Cu, 16 Ni, 20 Zn. .| “Neusilber™............. J. Karweil and
Je.-Ger. K. Schifer
silv. (1939).
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COPPER-NICKEL ALLOYS (Cont’d)

COPPER-NICKEL ALLOYS (Cont'd)

COMPANY AND TRADE MANUALS
Curve Composition (%) Conductivity and remarks Ref
Name Noaminal composition (%) Conductivity
w/cm deg K
ﬁt‘m- Al N (};u szlozlné g.s “Germ:in silzer"g ga)?l gu J. f: Ah\‘ue:d and w/cm deg K
n.-Ger, 3 e, equabion X = §. —4 . Mendosa .
ilv. 0. Ts, ) Cupro-nickel 30%,...] 70 Cu, 0.29
NN vl i (ST | SN b
............ 63 Cu, 20 Ni, 17 Zn. . .| “Nickel-silver”; k = . R. Wilki ickel uilver u, 18 Ni, 17 Zo .
Cu, 20N, 17 Za e K o | X R Wilkioson kel silver \8'7‘;-3 55 Cu, 18 Ni, 27 Zn 025
48.5 at 15°K, 711 at |  (1949). Nickel silver 15%. ..| 66 Cu, 15 0.35
20°K. Constantan. ........ 55 Cu, 45 Ni 0.23
me(})rqnzel.t.’ ..... &4) 813, ?g g i, ?BZE. 45PPbb438§ ............ ggg
............ 70 Ni.........| “Cupro-nickel”; k=209 Do. nickel brass. . u, i, 16 Zn, 0. .
Cu, 30 Ni m‘:}:::c deg at 10°K, ° Leaded nickel sitver | 65 Cu, 12 Ni, 20.7 Zo, 2 Pb, 0.3 Mn. ... ... 0.40
35.6 at 15°K, 50.2 at 12%.
20°K. -
. 28; S8Cu, 46 Ni.........]..cooiiii R. W. Powers,
ot {m}’ HZ“@‘“ SILVER ALLOYS
tan.
(1851c). Curve Composition (%) Conductivity and remarks Reference
. 29a; 80 Cu, 20 Ni......... Also obtained k=127 mw/ | J. K. Hulm
u.- Cu- em deg ot 21.9°K and |  (1951). Jom deg K
zo% Ni. 79.9 at 16.3°K. w/cm deg
285 B | 800U 40 Nievvo oo oo R Bermap e 90 Az, 10Pd........ k=141at25°C.......... F. A. Schulse
onatan- (1951b). (1911).
k=0.843at25C.......... Do.
27,26a; | 47 Cu, 4170, 9 Ni, 2| Mean diameter of eryatals | Do. k=0573t25C.......... Do.
v. k=045at25°C.......... Do.
Fig. 27; Es. | 90 Cu, 10 Ni......... Two samples which were | I. Estermann _ o
% Ca- mmed one & single | sndd B, e 50 Ag, 50 Pd......... k=032at25°C.......... Do.
109 Ni, crystal (zl‘gg;,‘;'m““ ............ 90 Ag, 10Ps......... k=098at25°C.......... Do.
Ea.ZiCu- |..... oo Two samples which were Do, eeeeeeeeen 75 A, 25Pt......... k=038at25°C.......... Do.
10% N, cod-wocked. {0 70Ag 30Pt........ k=031at25°C.......... Do.
............ 67 Ag,33Pt.........| k=030at25°C.......... Do.
Fig. 26; 99.63 Ag, 037 Au....|........... E. Griineisen and
OOPPER-NICKEL ALLOYS (Cont’d) I%} Re.- H.Reddemann
ﬁg—OA% (1934).
Composition (%) Conductivity -
G. Re-Ax- 75Ag, 26 Au........ Single crystal............ Do.
25% Au.
w/cm deg K : & .
00.73 Cu, 028 Ni, 01 Fe, 08 ME. v 322 11 G. Bg:Au- 50 Ag,50 Au........ Single crystal. ........... Do.
99.47 Cu, 282 Lt
97.94 Cu, 172 v 3 Po.-ﬁ 50 Ag, 15.5 Cu, 16.5 | “Easy-flo”; lameannealed ;| R. L. Powell
94.92 Cu, 1.00 &2 Solder. Zn, 18 Cd. (1953).
89.90 Cu, 062 13
84.85 Cu, 047 12
zgﬁ CG':', ...................... ggg :. :
- GOLD ALLOYS
Conductivity Otate L 90 A0, 10Pd........ k=098t 25°C.......... F. A. Schulse
1911).
w/mdegX ( 80 A, 20Pd........ k=059at25°C.......... Do.
54.1‘4)2 C('," 18.38 Ni, 0.19 Fe, 17,06 Zn, 0.3 Mn, os3 v ¢ 70 Ay, 30Pd........ k=0442825°C.......... Do.
6337 Cu, 1959 Ni, 0.14 Fe, 823 70, 33180, 84 | 028 &3 | Sandeast. 60 Au, 40Pd........ k=040a425C.......... Do.
96,05 Cu, 3.01 Ni, 0.004 Fe, 88Si............. 076 L3 enched. _
s guf;' 201 N 08! gef'g S L3811 ggmw_ L 50Au50Pd........ k=0363425°C.......... Da.
X , 3. i, 0. e, 888i.............. 69 'urnace-cooled. - o,
74.07 Cu, 19.96 Ni, 0.00 Fe, 631 Zo... ... ... 030 b3 90 Ay, 10Pt......... k=0768t25°C.......... Do.
64.5 Cu, 20.44 N}, 0.07 Fe, 580 Zn.. . .......... 028 13 | soau20pe....... k=041 a6 25°C. . Do,
! 'l’h&valuea were determined by .gdﬂ Szlth. E. &Palmer (1935) at 20°C. Some~  .-eoeoien.n. 70Au,30Pt......... k=030at25°C.......... Do.
"'"“ ¢ composition percentages add up to more than 100. 0 60Au, 40Pt......... k=0263425°C. ......... Do.

nnledst

egggr—mckel alloys were deoxidized with magnesivm,

cold-rolled, and an-

8 The Miscellaneous nlloya were extensively worked, annealed, and slowly cooled
except where noted.
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GOLD ALLOYS (Cont’d)

Curve Composition (%) Conductivity and rerarks Reference
w/em deg K
.......... 92 atomic % Au, 8 | A=0.803t18°C.... ... .| C. H. Johansson
atomic % Pt and J. 0. Linde
{1930).

............ 84 Au, 16PL.........[ A=0.18at I8C.. ... .. .. Do.

............ 68 Au,32Pt.........[ A=023at18°C..... . .. Do.

............ 55 Au, 45 Pt .. ... .| k=021at18°C....... ... Do.

Fig. 26; 50 Au, 50 Ag........ Single erystal . ... .. .. E. Griineigen and
G. Re.- H. Reddemann
Au-50% (1934),

Ag.

G.Re.-Au- | 75 Ay, 25A¢.... .. . Single erystal. ........... Do.
257 Ag

G. Re.-Au- | 73.7 Ay, 26.4 Cy.....| Polycrystalline......... .. Do.
269 Cu.

G.Re.-Au-} 91 A4,9Cu....... .. Polycrystalline. . ......... Do.
9% Cu

............ 50.1 Au, 489 Cu.....} Quenched from 800°C; Do.

k=0.193 at 86°K.

................ do..............| Same as above except an- Do.

nealed 22 hr at 360°C;
k=128 at 85°K.

................. do.............. R(‘qucnchvd from 800°C; Do.

k=0.23 at 83°K.

G.Re.-Au-|..... do.............. Annealed 30 hr at 320°C. .. Do.

509, Cu. B

G.Re.-Au- j 91.2 Ay, 88Pd...... Tempered at 800°C for 2 Do.
9%, Pd hr.

............ 83 Au,17Pd........| Annealed 2 hr at 800°C; Do.

approx. same curve as
“Ag-257 Au’.
............ 69 Au, 25 Ag, 6 Pt....| k=0.53 at room tempera- | Trade Manual.
ture.
INDIUM, THALLIUM ALLOYS
............ 66 T1,34 Pb.........| For a sample with “large” | A. Eucken and
crystals, £=0.22 at 273° . Dittrich
K, 0.13 at 80°K; for a (1927)
sample with ‘“‘small”
crystals, k=0.23 at 273°
K, 0.14 at 80°K.
............ 87 T1,34 Pbby atomic | Measured relative change | W. J. de Haas
percent. of thermal conductivity and H. Brem-
when the alloy became mer (1932).
superconductive.

Fig. 29, 29a; | 91.4 In, 8.6 Pb by [Became superconducting | H. Bremmer and
Br. H.-In- atomic percent. at 4.2°K. W. J. de Haas
99, Pb. (1936).

Br.H.-Pb- | 50 In, 50 Pb by | B superconducting Do.

509, In. atomic percent. at 6.54°K.
Fl%( 29a; 90 In, 10 T by atomic | Single crystal; measured | J. K. Hulm
u-1 n- percent. th in the normal and (1952b).
109, Tl superconducting state;

tnnmtlon temperature
about 3.

ZINC ALLOYS

|
Trade Nominal composition () Conductivity
Designation
w/cm deg K
“Zamak-3". .. ... 96 Zn, 4 AL OO4 Mg . ... 1.13
“Zamak-5". ... .. 95 Zn, 4 Al 1 Cu, 0.04 Mg ... . 1.09
“Zamak-2". . ... U3 Zu, ¥ AL, 3 Cu, 0.03 Mg. 1.65
(¥ omm rolled. . 99.8 Zn, 0.08 Pb 1.09
94.8 Zu, 0.06 Pb, 0.06 Cd 1.09
Rollod zine .sllny. 8.7 4o, 1 Cu, QO Mg................. ... 1.05
“Zilloy-15".
CADMIUM ALLOYS
Curve Composition (%, Remarks Reference
Fig. 29; 66.7Cd,3338b.. ... o A. Eucken and
Eu. Ge.- (;. Gehlhoff
d-33% (1912).
Sb.
Eu.Ge.-Cd- § 50C4,608b......... 0. ... Do.
50% Sb.
MERCURY ALLOYS
Compoasition () Remarks Reference
98.8 Hg, 1.19 In. . ..| Measured ratio of conductivitics in normal | J. K. Hulm
and superconducting states. (1950).
See also the graph and table under “Metal-
lic Elements™.
TIN ALLOYS
Curve Composition Remarks Reference
igs. 188, b. { Up ta 4% mercury. ..| See table under Figs.18a,b, | J. K. Hulm
Figs ptad% 4 “Metallic Elememsga' (1950).
Do..... Up t0 3% indium. .. .|..... do...oooviiiiiin, B. B. Goodman
° b to3% (1953).
TIN ALLOYS (Cont’d)
COMPANY AND TRADE MANUALS
Name Nomiual Composition (%) Conductivity
w/cm deg K
Eutectic soft solder..| 6380, 37 Pb.................cooiiiill 0.50
Tinfoil............ 9280, 820, ... .00t 0.59
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LEAD ALLOYS LEAD ALLOYS (Cont’d)
Curve Composition (%) Remarks Reference Name Nominal composition (%) Conductivity
Fig. 29; Br. | 56 Pb, 44 8n........ Not in solid solution. ... .. . B and w/cm deg K
-Pb- W. J. de Haas
44%, Sn (1936). ggg
............ 90 Pb, 10 Bi.........| Measured conductivity in | K. Mendelssohn 031
intermediate state and and R. B. 0.29
as a function of mag- Pontius 0.27
netic field. (1937). 8;42;%
Fig. 29a; 70Pb, 308n........ Measured in normal and | K. Mendelssohn 20-80 soft solder. . 0.37
M. O.-Pb- superconductive states. and J. L. Olsen 50-50 soft solder. . 0.46
% Sn. (1950a). Lead base babbitt. 0.24
Do.......... 024
Fig. 29; e PhOIBL. ... Do.
M. O0.-Pb-
0.1% Bi.
M.0.-Ph- g0 Pb, 10Bi....... .{ Note that the thermal con- Do.
10%, Bi. ductivity in the super-
conductive state was
higher than in the nor-
mal state.
M. O.-Pb- 99.8Ph, 0.2Bi...... Measured in normal and | K. Mendelssohn
0.2% Bi. superconductive states. and J. L. Olsen
(1950¢).
M. 0.-Pb- 995 Pb,05Bi.......]..... do.iiiiiiieiiia Do.
0.5% Bi.
Fig.298;0.- | 70Pb, 30Bi.........|..... do..oooeiiiiaiian.. J. L. Olsen
'%pm% (1952).
1.
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Curve Composition (%) Remarks Reference Curve Composition (%) Remarks Re erence
Fig. 29; L.- | 50 Bi, 25 Pb, 14 8n, 11 | “Lipowitz alloy”........ C. H. Lees Fig. 29; Eu. { 508b,50Cd.........0 .. coovi i A. Eucken and
Lip. Cd. (1908). %e.-od- G. Gehlhoff
. 50% 8b. (1912).
Ge.Ne.-Bi- { 80,Bi,508b........ J..ccooiiiiiiiiiiia. G._Gehlhoff and
o Sb. F. Neumeier Eu.Ge.-Sb- | 51.78b,483Cd......{......c.oiiii Do.
(1913). 48% Cd.
Ge.Ne.-Bi- | 80Bi,208b,........|....coomiiiiiaei i Do. Eu. Ge.-8b- { 66.7Sh,33.3Cd...... “Very hard”............. Do.
% Sb. 33% Cd.
Ge. Ne.-Bi- | 87Bj, 138b. ........{......cociiiiianiiin, Do. Ge.Ne.-Sb- | 708b,30Bi.........J.....ooiiieiial G. Gehlhoff and
13% Sb. % Bi. F. Neumeier
(1913a).
Ge.Ne.-Bi- | 89Bi,118b.........]..cooiiiiiiiiiai il Do.
119, Sb. Ge. Ne.q-é?i- 508b,50Bi.......cofeeiiiiii Do.
Ge.Ne.-Bi- | 91Bi, 08b....o.oi|oeerriieiiiineennenes Do. oo
% Sb.
ig. 29, 29a; | 50 Bi, 25 Pb,258n....[ “Rose’s metal”..... .. ... H. Bremmer and
r. H.- W. J. de Haas
Rose. (1936).
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2.4. Dielectric Crystals

This section is not comprehensive but is representative of the dielectrics.
There have been few measurements on the conductivity of dielectrics at
low temperatures. However, three series of experiments especially worth
noting in this short summary are A. Eucken and G. Kuhn (1928), W. J. de
Haas and T. Biermasz (in late 1930’s), and R. Berman and others of the
Clarendon Laboratory at Oxford (1950’s).

The following miscellaneous dielectrics were measured by A. Eucken and G. Kuhn
(1928) (all percentages are mole percent):

Conductivit Conductivity
mw/cm deg % mw/cm deg K
Name Remarks Name Remarks
83° K 273° K 83° K 273° K
Small crystals, 99.9% CaCQ;.... 42 33 25% KBr, Pressed at 8,000 atm........... 46 a3
99.99% CaCOs................ 54 38 75% KClL.
Largecrystals................. 50 33 10% KBr, |..... do. . e 80 50
Main crystal axis perpendicular 180 46 90% KC
to rod axis. 50% KCl,  {..... do....... .. .l 188 71
Main crystal axis parallel to rod 293 54 50% NaCl
axis, NO:........}..... do.. it 17 21
Naturalcrystal................ 159 75 Mercuric  |..... do............. ... 17 13
Pressed at 8,000 atm........... 314 chloride
Fromamelt.................. 402 92 NH.Cl.......]..... do.. ... 109 25
..... do. ... .. 343 92 NHBr.......|.....do............. ... .. a7 25
Preased at 8,000 atm........... 251 71 Ba(NO3)z.....|..... do... .. i 33 13
..... do.. ... 180 63 opper 29 21
..... do..........c.o i, 84 Sulfate
Pressed at 1,250 atm. 243 75 Magnesiamr  {..............0iiitenniriant 25 25
Prassed at 2,500 atm 368 92 sulfate.
Preseed at 8,900 atm 402 96 KiFeCNeg). . .| ..o e 17 17
Pressed at 8,000 atm 92 38 hromalum. .|..... ... .. ... .. L, 13 21
..... do................. 50 25 Potassium 13 21
..... dO. . 121 29 alum.
..... do........... ., 234 71 Potassium Main crystal axis perpendicular 17 21
..... do. ..ot 519 105 bichromate to rod axis.
..... do...........oiiin. 59 33 Do... Main crystal axis parallel to rod 17 17
..... do.. ...l 29 21 axis.
..... do........ooiiiiii., 50 29 234
63 264
..... do. ...t 29 21 88 84
38 46
50% KBr, |..... L 2 25 25
50% KCL
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Figs. 30, 30a; | Curve S-1; artificial single crystal | R, Berman (1951).
B-s1

Fxgo 30 and | Inaddition to the two curves, they | W. J. de Haas and sapphire (corundum); 6 mm
a;

obtained k=14.3 at 89° K. T. Biermasz long; diameter of 3 mm; at low-
H.Bz.-D. (1938). est_temperature, k=2.7x10-2 T%,;
main crystal axis inclined 36°
B.S. Z.- D.-1.{ Measured the "'size effect’’ in dia- | R. Berman, to rod axis.
mond crystals of square cross- F. E. Simon,

section. #1 was 3.9 mm wide, and J. M. Ziman Figs. 30, 30a; | Same crystal as above except 1.5 | R. Berman (1952).
#2 was 3.1 mm wide, #3 was 1.7 (1953). B.- 8-2. mm diameter.

mm wide, #4 was 1.1 mm wide.
They used a type I stone. All Figs. 30, 32; | Sintered alumina; density 3.70 Do.
were several centimeters long. “Alumin:”. g/cmd (95% of single crystal);

grain sizes about 5 to 30 microns.
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. J. de Haas and

T. Bier

(1935).

. J. de Haas and

Biermasz

. J. de Haas and

T.

(1938a)

J. de Haas and

Remarka

e crystal

th principal axis
axis; 5 cm long,

wi

gl

parallel to rod

0.3 cm diameter.

A single crystal with rod axis per-

A sin,

;aal crystal
isector of
two binary axes; diameter 0.216

cm.
Same as above,

pendicular to princi
axis and parallel to

except diameter

0.454 cm.

iameter

pt d

ground down to 0.359 cm.

Same rod as 2, exce

Single crystal 5 cm long; square | R. Berman (1951).
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Curve
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Reference

Remarks

Reference

Fig. 32;
. Bz.-
KBr.

H. Bz.-KCl...

. 32a; Bj.-
rK Alum.

li‘igi 132(51. Si.-

Measured a long potassium bro-
mide crystal o x. 3 cm di-
ameter; the lower ranch of the
curve near 80°K is for a sample
with soldered contacts; the up-
per, eonmch.

Measured alo: pohmum chlor-
ide crystal uare Cross-sec-
honmt.hamdeof0252cm

d the g
tivity with change in crystal
cromy-aectnon for several KCl1
crystals

M, . 2 1

Measured the condnctw:ty of

ﬂmmag trjy Found

on the rate of eoo ing of the
alum. Curve 1 was for the sam-
ple cooled most rapidly.

W J. de Haas and
T. Biermasz
(1937).

32-
g 3B

Sintered; density 2. 94 g/cm!
of u.ngle

40 microns; k=3.8 at 90°K.

9’7%
th dimensions between 10 and

R. Berman (1952).

Deo.

W. J. de Haas and
T. Biermasz
(1938s).

D. Bijl (1949).

C. V. Simson
(1951).
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