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PREFACE

The phenomenal growth of science and technology since the early forties kas brought about a universal
appreciation of the fact that present limitations in many technxal developments are ofter a dire result of
the paucity of knowledge on the properties of materials. Engineering developmants in the years ahead wil
be closely linked to the reseach that is done today to contribute to a better understanding ofte protiees
of matter, of which th mrrophysical properties constitute a major segment.

With a realization of ihe seriousness of thi3 situation, a great deal of research effort has been mad in
recent years on the thermophysical properties of materials with the result that the volume of researeh litca-
ture has increased many fold. In spite of this fact, it is generally agreed that the present level of resear- on

thermophysical properties still falls substantially shor, of existing needs and anticipated future demands.
However, what is even more disturbing is the fact that engineering groups across the nation are using nG
wore than a fraction of the information aleady availatle, either because it is in a form not directly useful
to them or, often, because its existence is not generally known.

To pariially remedy this situation concerning the thermophysical properties of high temperature ma-
terials, the MaL'rials Laboratory of the U.S. Air Force at Wright-Patter-on Air Force Base sponsored a
project in 1957 to bring together a large portion of he then available data in a silngf work for -asy refer-
ence. From this compilation, performed by the Armour Research Foundation, a four-volunv wor en-
titled Handbook of TherwnoFksical Properties of Solid Mraterials emerged. It was first pubiishie in 1960 as
WADC TR58-476; in 1961 it was issued as a hard-bound set by The Macmillan Company.

P xcause of the favorable reception given to this original rork, the Materials Laboratory of the U.S_.
Air Force requested the Thermophysical Properties Research Center (XTPRC, in 1964, to upc-ate -no .isc
this referrnce work in order to increase its usefuanc. and to put it on a more current boris. Da upreseot six-
volumne wozc-, entitled TkemopkysivaI Properties of WJgh Temperature Solid Xaterials, consists of nine
books totaling more than 8,500 pages. It is the iesult of a two-year project by TPRC. This new encyclo-

! pedic reference work cannot be called a revised edition of the earlier publication since nearly every page -

has been changed through major additions, corrections, and re-evaluation. An effort was made *o a&t.
here to the basic format of the earlier work. However, the organization of the material and the index to
materials have been completely redesigned for geater ease in locating the information desired.

Inevitably, not all of the properties covered have received the same degree of attention. The material
on thermal radiative properties, thermal diffusivity, and specific heat has been totally revised and rewritten.
Materials on the coefficient of thermal expansion and thermal conductivity have received major revisions.
and those on electrical resistivity, density, and melting point have had moderate revisions. Finally, lesser
revisions were made to data concerning vapor pressure and heats of transformation. The new information
incorporated into the work covered research conducted primarily during the years 1957 to 1964, although
some major references are included from 1965 and some from as far back as 1910.

In processing the large amount of new and old data incorporated in these volumes, it was nece-sary
that some degree of selectivity be execised both from the standpoint of the references cited and the data
extracted from them. It is hoped, however, that no major source of information has been omitted. Whenever
possible, an effort was made to suggest recommended values of the properties. In the plots, recommended
values are indicated by curves. It should be clear, however, that the designation of "recommended ,alues '

in no way implies that a critical analysis has been performed in all cases, nor does it suggest that they repre-
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sent defnitive values. Flecause most ef the materials covered are not well-define egieen meras
__ AMd because tere is often a gruat paucity of informnation, n critical evaiuation of these data is most dliii-

cult-if rot impossile
W ith a full appreciation of these inherent difficulties it is nevertheless hoped that the present compendia
Wiprvet ore.-.ins informatizn on thermophysical properties In spite

oftecu- cr xriedi r-risgtedt adpofn th mnuspI sssible that soi-

Thefac tht swh n cormusundertakingcolLeacmlsdinuh tr ieistrbtbe
prmrloPCsuiu resources in the area of therniophysica-l properties informeation-. Grateful

;kknwlegmen. i mad tatheElectronic Properties Information Center for assistance in prviding hiblio-
grahk earheson cetralresistivity and to the Air Force Materials Laboratory for general assistance in

b %iofapicinformation. Extensive personal inquiries were made to the authors of research papers and
reprt requesting clarification and original data. The enthusiastic response to these inquiries tin temajorit

of he asa isalso gratefully acknowledged. The Editor and the contributing staff wish to gihe a special
note othnsin acknowledging the valuable assistance, and cooperation they received indiividually and
collectly from TPRC*s Scienwiflc Documentation Division personnel and the supporting stair of graphics

AN and technical typist without whose painstaking and skillful contributions this work would not havec bet-a
:gv possible.

This woxk was performed under Contract No. AF33(615)1642, sponsored by the Air Force Materials
Laboratory. Research and Technology Divsin Air Force Systems Ca-ninand, Wright-Patterson Air Force
Base, Ohio. The personnelirecvly affiliated with this program were Mr. I). A. Shinn, Chief. Materials In-
formation Branch; Mr. E. Dugger, Technical Manager Information Processing; and Mr. 1. H1. Cliarlesworth-

eniner in charge of this project. T heir understanding cooperation h;. contribue much to thc success of
the program.

It is sincerely hoped that Thermophysical Properties of High Temperature Solid Materiatv ti~ cntute
-- an even more valuable contrbto to technology than -'t predecessor. This work should prove to be an

invaluable source of informtation on an important group )f properties of materials to every engineer, pro-
viding him with reliable information of a scope that wox.d be impossible for ansy one indiv Iua to master.
If we have been able to approach these goals, the results will be highly gratifling.

June I966 Y. S. Tou!LouwvA, Director
Therruophysical Properties Research Center
Purdue Un.esiy

2595 Yeager Road
West Lafayette, Indiana 47906
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-II. TPRC CLASSIFICATION OF MATERIALS

Materials are classified into the eight categories listed below. Whenever applicable, the composzdons
ar reported in weight percent of the corstitutents. For purposes of material classification TPRC considers

- the following 6jements as rnmetallic: H, He, C, N, 0, F, Ne, P, S, C), A, Br, Kr, I, Xe, At, and Rn.
: = 1. Elements: For the purpose of c~lassification an element is specified as follows-

A. For metallic elements, the limit of impurities is <0.20 percent for each foreign constituent and
l<0.50 percent total impurities.

B. For nonmetallic elements (i.e., carbon including graphite and diamond), the limit of impurities

-is 3<2.0 percent for each foreign constituent and < 5.0 percent total impurities.
2. Nonferrous Alloys: This category is for alloys in which the major constituent is other than iron. For

the purpose of classification, nonferrous alloys are specifed as follows:
A. Nonferrous Binary Alloys: The sum of the binary co-istituents is >99.50 percent and other con-

stituents <0.20 percent each.
B. Nonferrous Multiple Alloys: T__- sum of the first two constituents is <99.50 percent and/or

any other onstituent >0.20 percent. Alternatively, the major constituent is <99.50 percent and
each of the other constituents <0.20 percent (or not given).

3. Ferrous Alloys: This category is for alloys in which iron is greater than or equal to any other con-
stituent. For the purpose of classification, ferrous alloys are specified as follows:
A. Carbon SteelsCarbon <2.0 percent and carbon > any other alloying constituent.I a. Group I: Every other alloying constituent is :5;0.20 percent except for !Mn, P, S, Si, which

may be <0.60 percent each.
b. Group ii: At least one other alloying constituent >0.20 percent and/or any of Mn, P, S,

Si >0.60 r..it.
B, Cast Irons: Carbon > 2.0 percent and carbon > any other alloying constituent.

a. Group I: Every other alloying constituent <0.20 percent except for Mn, P, S, Si, which may
be <0.60 percent each.

b. Group II: At ?tast one other alloying constituent >0.20 percent and/or any of Mn, P, S.
Si >0.60 percent.

C. Alloy Steels (including alloy cast iron): The mpjor alloying constituent is other than carcon.
a. Group I: Every other alloying constituent <0.20 percent except fOr Mn, P, S, Si, which may

be <0.60 percent each, and C 52.0 percent.*
b. Group II: At least one other alloying constituent >0.20 percent and/or any of Mn, P, S,

Si >0.60 pe.ent.*
4. Nonmetallic Cempnmds and Their Mixtures -'rd Solutions: Ceramic materials suck as oxides, bro-

mides, carbides, carbonates, nitrides, silicates, etc., are included in this category. For the purpose of
classification, they are specified as follows:
A. For simple compounds and their solutions, the limit of impurities is <2.0 percent for each

foreign constituent and <5.0 percent total impurities.

ig•z Exceptionis nmadewhen Mn, P,S, or Si is the majo alloying constituent. For instance, in thecase of Fe-r Mn + ZX 1 alloys
the specifi("'ions corresponding to Groups I and It would be as follows:

a-. Gr,ip I; Every other alloying constitunt <0.20 percent except for P, S, Si, which n.y be <0.60 percent each, a-id
C _2.0 percent.

b. Group If: At least one other alloying constituent >0.20 percent wad/ any of P. S. Si >0.60 percent.
In the above :xample, Mn has a higher weight percentage than any of I, S, or Si but does not necessarily have a weilht per-
centage higher wnan 0.60 percent. Thus, the limits of Mn percentage may be written:

Fe _> Mn > P, S, Si and any other alloying constituent and Mn >0.20.
The same guideline is applied to ferrous alloys containing P, S, or Si as major alloying constituents.

X



B. For mixtures of simple compounds and their solutions, the major constituent is <95.0 percent,
or any other constituent is > 2.0. percent.

5. Interretzllics: An intermetallic is a metal-metal compound formed by metallic elements in a fixed
simp!e atomic ratio. For the purpose of classification, specifications are the same as those for Class 4.

6. Cermets: Cermets are ceramic materials such as carbides, oxides, etc., fused with or bonded by one
or more pure metals. However, there are also metal-metal cermetas, metal-intermetallic cermets, etc.,
which are also included in this category.

7. Polymers: Polymers are chemical compounds or mixtures of compounds formed by polymerization
and consisting essentially of repeating molecular structural units.

8. Composite Systems: A composite system may consist of materials in combination, with clearly de-
fined boundaries existing between components of the system, or a homogeneous material having a
distinct configuration.

For the reader's convenience, the classification scheme for Classes I through 4. described above, is
summarized in the following table.

5- _7
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SUMMARY TABLE OF TIPRC CLASSIFICATION OF MATERIALS

___ ClsslflationLimits of Compoeltion (weight peent)

__, x 1 X2 X3

1 ,EL1 .A. METALLIC >99.50 -- <0.20 <0. 20
4B. NONMETALIC z:95.0 !r,2. 0 s2. 0

rA. BINARY____
2. NONFERROUS I ALLOYS - 0 .0 ~ .2

ALLOYS - r 99.50 >0.20 >0. 20
(X. > Fe) r

LB. MULTIPLE -- <99.50 2:0.20 t;0.20
ALL4OYS <99.50 >0. 20 >0.20

L- so <0. 20 <0.20

X, X 3  -Mn, F

Sor Si

GROUP I Fe C-20 0.20 !0. 60
A STAELSN Fe C T. 0 !'0. 20 >0.60

GOP11-{ Fe C -2. 0 >0.20 50.-60
SFe C :g2.0 t0 >0. 60

3. LLROYS j .CAT FROUPI - Fe C >2.0 :0. 20 :50.6
ALL40YS) IRONS jrFe C >2.0 so0.20 >0. 60

LGROl~U- Fe C >2. 0 >0.20 --0.60
Fe C0>2. 0 > 0. 20 >0.60

I F ~ C 0. 20 and 50.0o

C 52. 0
[C. ALLOYS

STEELS Fe 0C :50. 20 >0. 60

LGROUP II4 Fe 7iC >0,20 :0. 60

Fe iiC >0.20 >0,60

4. NONMETALLIC COkMOUNDS AN D THEIR MtIITURES AND SOLUTION S

X, X2

A. SIPLE CO.MPOUNDS AND THEIR :- 95. 0 5

SOLUTIONS

B. AILXTURES OF SP-WLE CO. PNS <50.
AN'D THEIR SOLUTIONS 95. 0 >2. 0

<95.0 >2. 0

NOME'NCLATURE:
X, Major Constituent

X2 Second Highest Constituent

X3 Third Htghqest Constituent

WhMere! X1  X2  X3 2 X4  --

In case Mn, P, S, or Si represents X, this particular element is dropped from the last column.



11l. PRESENTATION OF DATA

Each of the six volumes consists of seven sections arranged in the following order:
i Preface
2. Table of Contents
3. Explanatory Text
4. Conversion Factors
5. Body of Data
6. Refere~nces
7. Material Index.

In the following paragraphs a detailed description ofl Sectivns 5, 6, and 7 is given. The: contents of the first
four sections arc slf-expiantory.

BODY OF DATA
Data on each material are presented in graphical or tabular form for selected sets of measurements,

and are accompanied by a Reference Information Table with corresponding specifications rnd remarks.
The first five properties listed in Section I of this Explanatory Text are considered as pot value.s and are
grouped together in a single table in the same manner as the graphs for the other remaining properties.
Furthermore, for a given material group, where several properties arc reported, data aie arranged in ac-
cordance with the crder of the property list given in Section I of this text.

G:-apiic Presentation
Data extracted from various references on a given material and property are shown on a single

graph by means of distinct plo-ting symbols, which are identified in the Reference Information Table
on u~e page following the grapit. Each set of symbols indicates the data of a given- investigator, but
does not necessarily imply actu2l measured points. In numerous instances authors present only smoo&hed
values, either in graphical or tabular form, and it is frequently impossible to distinguish interpolated or 7t

smoothed values from actual observed data.
In reporting data on thermal linear expansiot., investigators sometimes give a singlz average value

of this property for a considerable temperature range. In such instances it is assumed that a linear re-
lationship is implied. All data on thermal linear expansion were reduced to a datum of 293*K (20'C);
i.e., (AL/L) = 0 at 29' (200CQ. This point is identified by a cross (+ on each graPh.

The definitiont of (AL /L) used in this work is

LT L293(izL X 101

where LT length of specimen at temperature T1.

L293 =length of specimen at 293*K (20--C).

z To compute the "coefficient" of thermal linear expansion ~9from 293*K to any temperature T, the
following relation may be used.*

!l00V(T -293) L

It isnecessary to dividethe ighzz-hand side ofthis equation by.10O becauiethe graphical presen~tation of (AL/L) is in percent
expansion from 293%K

4ii



In some in:tances the coefficient of thermal linear expansion is reported in tabular form.
Curves drawn through the plotted points are the "moJ probable" curves based on the data 3how-n.

As additional information becomes available in the future, these recommendations may well be modified.

- Point Value Takle

Data extracted from various references are identified by distinct symbols in the same manner as
data points on a graph. 'Most probable" values are given either at the top of the (able "r are indicated
in a footnote. These selections are usually made solely on the basis of the dta presented. Sometimes
these point values arc also reported as a function of temperature or composition, in which case they
are shown in graphical form and placed immediately following the tabular values.

Reference Information Table
A table giving the reference information associated with each set of data obtained in the graph im-

a-: mediately follows the graph. The table contains the following information:
-9 . Symbol The plotting symbols Pre identical with and correspond to those used in the graph.

2. Reference. References are identified by hyphenated numbers which serve to locate the biblio-
graphic citation in the section of References at the end of each volume. The initial two digits
indicate the year of p blication and the last digits identify thc specific reference within the given

SM- year. In those instai;ces where a reference does not carry a date, the letter symbol ND is used in
place of the year of publication. Undated references are listed at the end of the 'ist of References.

3. Temperature Range. Range covered by the data in a given paper or report.
4. Reported Error. The author's estimated accuracy (or precision).
5. Sample Specification. This column contains all pertinent available information about the test

sample. This information consists of thie following:
a. Commercial trade name, chemical formula. etc.. followed by manufacturer's name, if it is

necessary for correct identification.
b. Composition of the sample, expressed in weight percent. Unless otherwise stated, the percent

sign is omitted.
c. Physical characteristics of the material, such as a single crystal, polycrystalline, density, crystal

structures, etc.

d. Specimen designation by the author is given in brackets at the end of the citati,.L
6. Remarks. This column contains information on:

a. Special process used in fabrication of the sample, such as being sin:ered, chill-c-st, etc.
b. Sample history, such as coid-wormed- hot-pressed, annealed, etc.
c. Conditions under which the specimen was investigated, environment, et-c.
d. Other pertinent remarks.

REFERENCES
The section on Reference gives complete bibliographic citations for all the references from which data

were extracted. They are arranged chronologically by year of publication, and in arbitary sequence within
any give' year.

F,r the preparation of the references, the following order and convention is used.

Periodicals

1. Author(s) name: Last name firsL followed by initials.
2. Journal name: Standard TPRC journal name abbreviations are used.
3. Series, volume, and number.

xiv
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a. If the series is represented by a letter, it is underlined together with the volume number_
b. If the series is represented by a number, then only the numeral representing the volume is under-

lined.
c. The numeral for the Issue number is shown in parentheses.

4. Pages: Indicate the beginning and ending pages.

Reports

1. Authot(s) name is given in the same form as for periodicals.
2. The name of the responsible organization, if any.
3. The name of sponsor.
4. Report, bulletin, or circular designation.
5. Number.
6. Part.
7. Pages (same as for periodicals).
8. AD and PB numbers or equivalents.

Books
The bibliographic citation for books lists: author(s), title. volume. edition, publisher, and page(s).

In general, private communicatiens are not listed as references. However, if TPRC did obtain addi-
tional substantive information from an author through private communication, and if this information was
used, the remark "additional data obtained from author(s)" is added at the end of the reference citation.

MATERIAL INDEX
The Material Index lists all the materia!s incltded in this work by their proper trade or commercial

names arranged in alphabetical order and, for materials designated by number codes, the listing is in inc-eas-
ing numerical order. Location of information on a particular property for a particular material is specified
by the volume number and page numbers indicated within the appropriate property column of the index.
The page number always indicates the starting page of the graphs or point value tables. Chemical formulas-
are given in parentheses following the proper names of materials which can be chemically identified. Hovver.
for materials within a general group, e.g.. different oxides of cerium, the entries are only by chemical formulas
listed under the material group designation, such as "cerium oxides." Whenever applicable, an effort is
made to list commercial materials under their several accepted names. In the case of broad classes of materials.
such as steels, glasses, etc., the materials are listed wider their common names as well as undet the heading of
their general class when the designation is merely a letter and number code.

Simplet inorganic compounds (eg., aluminum oxide, tantalum boride) are named according to he con-
vention given in the Handbook of Chemistry and Physics (The Chemical Rubber Co., 45th edition. 1964,
and-if not available there-the 43rd edition, 1962). Other inorganic compounds are generally named in
accorde'-=ewith the convention given in the ChemicalAbstracis by gihing the more electropositive part of the
name first and the more electronegative part second. For nonferrous and ferrous alloys, only the first two
components are listed and 2Xj is added to designate multiple alloys. An exception is made, however, for
chromium-nickel and nickel-chromium ferrous alloys, in which cases, all three major constituents are listed.
For other ; organic compounds and their mixtures and solutions, all components with weight percent
greater than. percent are listed. Finally, for cermets, the name of the ceramic part is given first and the metal
part second, each in their respective alphabetical order regardless of their weight percentages, with the excep-
ton of beryllium cermet (e.g., Beryllium YB-9052). in -;hich case the name of tue metal part is given first. -

xv - _



_CONVERSIONFATR

NOTE: In Preparing the conversion. factors, the follouing baic definitons reused:

I in. =2.54 cm*

I lb. =453-59237 g'

EM I ca.= 4.184 (exactly) Joule

I cal,.= 4.1868 (exactly) Joule*

I Btu,lb'F 1  
=I clg -

The subscripts "Th" and "IT" denote "~ThermochemicaI"
ia and "International Steam Table" units, respectively.

*NBS Tecdmi-31 Nk iladlerin, 47(10). 1963.
___I Mueflr. F- FR, and Rossin . F. D.. Am J. Pysjcs, 12M.4. 1944.
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BODY OF DATA

0ONTERROUS ALLOYS

PART I

NONFERROUS BINARY ALLOYS
(Sum of the binary contituens~ t99 So percent
and other constituents !0. 20 percent each)
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PROPERTIES OF ALL:MINUM +SILVER

REPORTED VALUES

Density: g CMV3 lb .4-'

0 10.02 Ag 2 90 181

V 30.21 Ag 3.45 21

Hea' of Sublimation: Cal g-1  Btu 1b-1

O 9.6 1.4 188 48K 3401 15

A 16.5 Ag 1863 3553836K 1505 R
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--1 IPROPERTIES OF 13ARIUM 4-STROINTIVIN

I REPORTED VALUES

Melting Point R

0 .4 Sr :83 1770

Hea ofFso:cI ~ t
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PROPERTIES Or BERYLLIUM - ALUAMUM

REPORTED VALUES

Density., g cm l f3

0 0.21 Al 1.73 108
0 0.21 Al 1.80 112
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I I IROPERTIES OF BORON +MION

I REPORTED VALUES

Heat of Sublimation: Cal gL1- Btu 1b1I

Lo 1 Fa 13020± 180 23440 ±330

1. UO Fe :128001: 400* 23i00:i800

-o

* Mst probable value for alloys of this composition.

TPRZC

A Sa-zw-

_ _ _ _-5 IV~



4347

4

oc

04 0
0

~ ~' ~Ito

it.~

V

i

- -rr -t-1:

---- - .---- -

-~ --- - ---- r~~_____ -- __ ~--c~- .- --



-ii 48 - -Vapor P~ressure, mmunHg
__R-

'.4 '6

- ~ CD

:H1

SO

;iI _ _ _ _2

TT0

ME r- ++- 40
04

4-o

-4

0-

01 ~z4
0T

+44C- 
.44 - -- - -

r- 4- .= I 1-' I .

fif !--4

TPC%



If 49

S

C3d

"I I I ,
rpli



H..u awwtiJ Pinnvi

41i4

-FU

AM

77-I

-It

54 t

a~ 0 a
Ett2

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
z9 Z

_ _ _ _ _ _ _ _ _ _ _ _ if
-Lo

_ _ _ _ _ _ _ _ _ _ _ _ P_ 4! -
if_ _ _ _ _ _ cc- 0_ _ _ _ _ _ _ _ _ _ _ i a=E6

_ _ _ _ _ _ _ _ _ _ C F t t ,i :

PF-

ti-'
fi-ta.

pi

It-4

_ _U -t t te i&i - if -~

~4 -4 -4 -4 -4 - - -4 -1 -;P 41- - 4

ma mqo RAAS~HNOJaa

TPRC



-4 __

I-

H!
I,-

0
- -I

0

z
U
*1.~
- a~2 ~-'

* L.

o
- 0

I -

- C

-.~ d
- 01b~ 0 ~ I
z

S.,

5- .1.

0
0
fl
0

C1-'
IA

3-
-0
03~

5..w

v~U7  
_

TPRC ____

I - -~

*55



PROPERTIEM OF cAD).nMIM SILVER

MelingPoit- REPORTED VALUES>~ etn on:K R
0 31.6 Ag 865 1558

Heat of Fusion.- Cal g'I Btu lb-I1031.6 Ag 18.2±t1 32.8j- 1.6
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J PROPERTIES OF CALCIUM XMAGNESIUMI

REPORTED VALUES

meutI~g poin: K R

0 0.3 mg 1122 2020
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PROPIER2'ES OF CHROMIUM -IRON

REPORTED VALUES

Afelting Point: K

0 0. 3 Fe 2176 2917
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Thermal Linear Expansion, percent
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PROPERTI FS OF CIIROMI UM +SILICON~

REPORTED VALUES

"enstNv g lb W'lb

o 0. 29Si 7.0VI 441

0 o. 53 Si 6.86 428
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PROPERTIES OF CHROMIUM TGSE

REPORTED VALUES

Demaity: g C!U-3 lb fr!

O 30W 8.68 542
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PitOPER'MES OF COPPER -TITANIUM

REPORTED VALUES

Density g CM3lb ft-I

o4 46 Ti M. 1.0

Mfel! 'ng Point K R
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PROFERTIES OF COPPER + URANIM

I REPORTED VALJUES

Density: g CM-3 lb ft-3

2m0 42.8 U iO. 6 662
0 42.8 U WO. 600.02* 61.7-1.2*

Melting Point: K R

A 2.8 U 1325 2385

Most probable value for alloys of this composition
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PROPERTIES OF COPPER ZINC

REPORTED VALUES

Density: g cm73  lb ft-3

0 35.7 Zn and 3. 27Pb 8.46 528
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PROP.RIES OF COPPER +ZIRLCON-IU-M

REP.3RTED VALUES

Densty: CM7 lb ff.
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I PROPERTIES OF GOLD +CADMIUM

REPORTED VALUES

Density g mlb f

- 10 35,4 -36.5 Cd:e-ubic 03.9687.
phase

0 35.4-36.5 Cd. tetragonal 14.49 904.6

phase

ifelting Point K R

I ~36.3 Cd 900 6

Heat of Fusion rub

I Id

I IR



I]; I aI I

r

I
,LII I

I i

:91?
,- ~1' I

: :~
- I

~ I

En I
F-I
L~LI

o oII I
iL:

TPRC
I

-r - -~ - - S -~



Electrical Resistivitv~onfln cin 109

Id, Ir I

MUM ;tnn-t M

t

EM0
-ft7T

077

PMI

oL

IZ 4

;n- 7- -

to
4 1

44 0

T

-sf2uOUOAAjjSID'13T
-+ .RC



-Cr

5-s

it

r.5.

5.. .. E

5.. 5. CF

tz to'.
MU

U - -

Fr--

U- 
'.



- ~ 00Vapor Pressure, Imm Jig

ool
S- - -1 4-40

I * -

BM-1

-44

0

'-4 
I

rT-- 0

- --- - -- -

tz''

0 -4----------------------------__

- -4

tv

.. .D..;

E-'! o 0nsa

IDP c

-q -



.5: 3 .5

KR
- :,;ME

-~ i I
.- J -m

LCI
in. el i

1 -'-*'

:i;I



202

.. . . --

f 0

4 C>

:17Z,

LZ.

g4 <

TPJC



1 1 203

C;o

A..

ES
- 0;

m- CL, C;

Q0000

SE SE

43-.

CD

z --

-PP C



04 Specific Heat. Btu IV 'W

cli ID

I i -

- 0O

In0

o 
I

04 W-" 

_ _ _ _t

.4- 
S . _

ini

OD,

I

T9?



20

LINI

- La-

- C C-

fI E5
-tt -

81'0 0 ) C

d W. o ~ ~Ea
- C) C)Ea

-~ ~-3 Es.

- 3m

co 90 .3 do

-4 

CP -M_

OK e



Thers limna~ npaaaion percmj

4V

8V

.4 
C;

I 0 =1 0

I I

0

0

0 I0

0

2 IIN

luIa 4uot u.,- IIu - r a

0 * t * 1



I ~S

Ii -

.. 4 I4
2M

TPR



2~~8 PROPERTIES OF C-OLD +'-IRNI

m REPoRrED VALUESIeiy g CM73-
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PROPERTIES OF GOLD -. MANGA-NESE

"Ma REPORTED VA14UES

Dois%' g cinl lb ft 3

0 8.59MzII 15.86 990
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212 Electrical Resistivjta, ohm cm x lo0g
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PROPERTIES OF GOLD - - NICKEI,

REPORTED VALUES

Density: g cMnr lb fr~

o 5.13 Ni i.S. 07 112-3

o 10. 26 Ni 17.06 1065
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Thermal Linear Expan~sion, percent
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PROPE11flES- OF GOLD +:RNU

REPORTED VALUESj
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~'32 PROPERTIE OF GOLD ZIMCI

REPORTED VALUES

aMelting Point K R

o 24.9 Zn 1033 iSGO6

Hea: of Pain a Btu 1 -

o 24.9 Zn *2.4 1 401-3i.
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Angular Spectral Reflectance
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PROPERTIES OF 11AFNIUM ZIRCONIUM -

REPORTED VALUES

Density: g CM' 3  lb ft-3

0 0.72 Zr 1;,. 0G1 40.005 Bi L 6 0.3

El 0. 72 '.r; density corrected 13.09 :k0.0i 817.2=;0.6

2) Zr 12.62 788

Melting Point: K R

,~u. 70 Zr 2248 25 4047 ik45
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Thermal idnear -xpamlion, percent
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PROPERTIES OF LAIN-hANLM 4- CALCIULM

4 REPORTE.D VALUESI

Melting Point: K R

0 3.0 Ca 9-4* 042±9
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PROPERTE OF LfLNM ANKh

REPORTED VALUE

Density:- tlb'Tht-

0 i.O>Mg 5.97 7
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PROPERTIES OF LEAD COPER

REPORTED VALUESj

Dmty:

0 2D Cu 10.78 1. 0
Co SCa 18.00 824.u
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PROPERTIES OF WAGYDRU PM + THORIUM

REPORTED VALUES

DenLy: Sime figure

Melting Point: R

A~ H-M- UXA S7S 1580

Heat of Fuision: Cal J,,- Btu 1b-1

A HM 3iX 796=2 142±4

ME-

-- IR
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PROPERTES OF MAGNZSJINM Z!:j j
REPORTED VALUES

Aelting Point: K R
-M0 6.22 Zn 611 l6
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ipecific Heat, Bmu 1W1 W'
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PROPERTIES OF MANGANESE 4-TITANIUM

REPORTED VALUES

Densitv, g cuf3 lbst
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Hemispherical Spectral Emittaire
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PROPERTIES OF SILVER -ALUAMUM

REPORTED VALUES

Pensi~y:See figure

Heat of Sublimation: cal g~l Btu lb''
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PROPERTIES OF TANTALUM +TITANIUM

REPORTED VALUES

Density: g cur 3  lb ft73

O 40 T1 7.93 495.0
O 0 STI 7.07 441.0o
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REPORTED VALUES

Density. g cnr3  lb ir-3
0 20 PU 12.15 758
0 46 Pu 12.79 798
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PROPERTIES OF TUNGSTEN 4-NIOBIUM -

REPORTED VALUES

Melting Point:-I R

Oq 0 W and 20Nb 3488 6278

o .jWand30Nb 3293 5928

A 6OW and 40,4b 3223 5802

V 50 W and 50 Nb 3148 5667
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PROPERTIES OF URANIUM CH'ROMIUM

REPORTED VALUES i

0 0. 594 Cr 18.69-1 4117.2

C 0.30 Cr 18.69? U687.2
* 5. 27 Cr 17.44 1089

0 5.42Cr 17.41 i~

A 5.60 Cr V.25 1077

S5.60 Cr 17.57* 1097a

V 5.92Cr 17.26 1078

A 5.0 Cr 17.56 1096
V 5.0 Cr 17.3 1080

Melting Point: K R

* 5.6 Cr 113z2.L* 2038 -120a

'Most pobable 16altx for alloys ef this composition.
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PROPERTIES OF URAMUM4 IRON -
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PROPERTIES OF URANIUM INMOLYBDENUIM

REPORTED VALUES

Density- See figure

Melting Point: K R
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Thermal Linear E'cjansion, pereit61
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PROPERTIM OF U-RANU NOBMI

REPORTED VALUESj

Molting Point: K U
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PROPERTIES OF ZMNC SIIVEiI

REPORTED VALUES "

Melting Point: K R

0 39 Ag 905 1630

Heat of Fusion: g1 Bu b

0 39 Ag 27. i 1.3 48.7 2.3
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Vapor Pressure, mam Hg63
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RIEPORTED VALUES

Thg Cty73glb ff' I
0 0.44 B 6.5055 406.13

0 0.78 B 6.4940 405.41

A f.21 B 6.4796 404.51

V 1.77 B 6.4489 402,59
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REPORTED VALLU
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Pa 2.4 HI 6.565 409.3
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Electrical Resistivity, ohm erax log58
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PROPERTIES OF ZIRCONIUM +.IIN

REPORTED VALUES

Density: g cmr lb ft73

O 1. 36 Sn 6.4789 404.46

a 1.40 Sn 6.5399 408.2-7

A :.46 Sn 6.4880 405.06

V 1. 54 Sn 6. 5164 406.81

0 1. 58 Sn 6.4789 405.66
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