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Foreword 

In 1957, the Thermophysical Properties Research 
Center (TPRC) of Purdue University, under the 
leadership of its founder. Professor Y. S. Touloukian, 
began to develop a coordinated experimental, 
theoretical, and literature review program covering 
a set of properties of great importance to science and 
technology. Over the years, this program has grown 
steadily, producing bibliographies, data compila- 
tions and recommendations, experimental measure- 
ments, and other output. The series of volumes for 
which these remarks constitute a foreword is one of 
these many important products. These volumes are a 
monumental accomplishment in themselves, re- 
quiring for their production the combined knowledge 
and skills of dozens of dedicated specialists. The 
Thermophysical Properties Research Center de- 
serves the gratitude of every scientist and engineer 
who uses these compiled data. 

The individual nontechnical citizen of the 
United States has a stake in this work also, for much 
of the science and technology that contributes to his 
well-being relies on the use of these data. Indeed, 
recognition of this importance is indicated by a 
mere reading of the list of the financial sponsors of 
the Thermophysical Properties Research Center; 
leaders of the technical industry of the United States 
and agencies of the Federal Government are well 
represented. 

Experimental measurements made in a labora- 
tory have many potential applications. They might 
be used, for example, to check a theory, or to help 
design a chemical manufacturing plant, or to com 
pute the charac -ristics of a heat exchanger in a 
nuclear power plant. The progress of science and 
technology demands that results be published in the 
open literature so that others may use them. For- 
tunately for progress, the useful data in any single 
field are not scattered throughout the tens of thou- 
sands of technical journals published throughout 
the world. In most fields, fifty percent of the useful 
work appears in no more than thirty or forty journals. 
However, in the case of TPRC, its field is so broad 

that about 100 journals are required to yield fifty 
percent. But that other fifty percent! It is scattered 
through more than 3500 journals and other docu- 
ments, often items not readily identifiable or ob- 
tainable. Nearly 50,000 references are now in the 
files. 

Thus, the man who wants to use existing data, 
rather than make new measurements himself, faces 
a long and costly task if he wants to assure himself 
that he has found all the relevant results. More often 
than not, a search for data stops after one or two 
results are found—or after the searcher decides he 
has spent enough time looking. Now with the 
appearance of these volumes, the scientist or engineer 
who needs these kinds of data can consider himself 
very fortunate. He has a single source to turn to; 
thousands of hours of search time will be saved, 
innumerable repetitions of measurements will be 
avoided, and several billions of dollars of investment 
in research work will have been preserved. 

However, the task is not ended with the genera- 
tion of these volumes. A critical evaluation of much 
of the data is still needed. Why are discrepant results 
obtained by different experimentalists? What un- 
detected sources of systematic error may affect some 
or even all measurements ? What value can be derived 
as a "recommended" figure from the various con- 
flicting values that may be reported ? These questions 
are difficult to answer, requiring the most sophisti- 
cated judgment of a specialist in the field. While a 
number of the volumes in this Series do contain 
critically evaluated and recommended data, these 
are still in the minority. The data are now being 
more intensively evaluated by the staff of TPRC as an 
integral part of the effort of the National Standard 
Reference Data System (NSRDS). The task of the 
National Standard Reference Data System is to 
organize and operate a comprehensive program to 
prepare compilations of critically evaluated data on 
the properties of substances. The NSRDS is ad- 
ministered by the National Bureau of Standards 
under a directive from the Federal Council for Science 
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and Technology, augmented by special legislation 
of the Congress of the United States. TPRC is one 
of the national resources participating in the National 
Standard Reference Data System in a united effort 
to satisfy the needs of the technical community for 
readily accessible, critically evaluated data. 

As a representative of the NBS Office of Stan- 
dard Reference Data, 1 want to congratulate Professor 
Touloukian and his colleagues on the accomplish- 
ments represented by this Series of reference data 

books. Scientists and engineers the world over are 
indebted to thgm. The task ahead is still an awesome 
one and I urc> the nation's private industries and all 
concerned F Jeral agencies to participate in fulfilling 
this national need of assuring the availability of 
standard numerical reference data for science and 
technology. 

EDWARD L. BRADY 

Associate Director for Information Programs 
National Bureau of Standards 
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Preface 
Thermophysical Properties of Mailer, the TPRC 
Data Series, is the culmination of twelve years of 
pioneering effort in the generation of tables of 
numerical data for science and technology. It 
constitutes the restructuring, accompanied by ex- 
tensive revision and expansion of coverage, of the 
original TPRC Daia Book, first released in I960 in 
loose-leaf format, ll'xl?' in size, and issued in 
June and December annually in the form of supple- 
ments. The original loose-leaf Data Book was or- 
ganized in three volumes: (I) metallic elements and 
alloys, (2) nonmetallic elements, compounds, and 
mixtures which are solid at N.T.P., and (3) non- 
metallic elements, compounds, and mixtures which 
are liquid or gaseous at N.T.P. Within each volume, 
each property constituted a chapter. 

Because of the vast proportions the Dala Book 
began to assume over the years of its growth and the 
greatly increased effort necessary in its maintenance 
by the user, it was decided in 1967 to change from the 
loose-leaf format to a conventional publication. 
Thus, the December 1966 supplement of the original 
Data Book was the last supplement disseminated by 
TPRC. 

While the manifold physical, logistic, and 
economic advantages of the bound volume over the 
loose-leaf oversize format are obvious and welcome 
to all who have used the unwieldy original volumes, 
the assumption that this work will no longer be 
kept on a current basis because of its bound format 
would not be correct. Fully recognizing the need of 
many important research and development programs 
which require the latest available information, 
TPRC has instituted a Data Update Plan enabling 
the subscriber to inquire, by telephone if necessary, 
for specific information and receive, in many in- 
stances, same-day response on any new data pro- 
cessed or revision of published data since the latest 
edition. In this context, the TPRC Data Series departs 
drastically from the conventional handbook and 
giant multivolume classical works, which are no 
longer adequate media for the dissemination  of 

numerical data of science and technology without a 
continuing activity on contemporary coverage. The 
loose-leaf arrangements of many works fully recog- 
nize this fact and attempt to develop a combination 
of bound volumes and loose-leaf supplement arrange- 
ments as the work becomes increasingly large. 
TPRC's Data Update Plan is indeed unique in this 
sense since it maintains the contents of the TPRC 
Data Series current and live on a day-to-day basis 
between editions. In this spirit, I strongly urge all 
purchasers of these volumes to complete in detail 
and return the Volume Registration Certificate 
which accompanies each volume in order to assure 
themselves of the continuous receipt of annual 
listing of corrigenda during the life of the edition. 

The TPRC Data Series consists initially of 13 
independent volumes. The initial ten volumes will 
be published in 1970, and the remaining three by 
1972. It is also contemplated that subsequent to the 
first edition, each volume will be revised, updated, 
and reissued in a new edition approximately every 
fifth year. The organization of the TPRC Data Series 
makes each volume a self-contained entity available 
individually without the need to purchase the entire 
Series. 

The coverage of the specific thermophysical 
properties represented by this Series constitutes the 
most comprehensive and authoritative collection of 
numerical data of its kind for science and technology. 

Whenever possible, a uniform format has been 
used in all volumes, except when variations in 
presentation were necessitated by the nature of the 
property or the physical state concerned. In spite of 
the wealth of data reported in these volumes, it 
should be recognized that all volumes are not of the 
same degree of completeness. However, as additional 
data are processed at TPRC on a continuing basis, 
subsequent editions will become increasingly more 
complete and up to date. Each volume in the Series 
basically comprises three sections, consisting of atext, 
the body of numerical data with source references, 
and a material index. 
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The aim of the textual material is to provide a 
complementary or supporting role to the body of 
numerical data rather than to present a treatise on 
the subject of the property. The user will find a basic 
theoretical treatment, a comprehensive presentation 
of selected works which constitute reviews, or com- 
pendia of empirical relations useful in estimation of 
the property when there exists a paucity of data or 
when data are completely lacking. Established 
major experimental techniques are also briefly 
reviewed. 

The body of data is the core of each volume 
and is presented in both graphical and tabular format 
for convenience of the user. Every single point of 
numerical data is fully referenced as to its original 
source and no secondary sources of information are 
used in data extraction. In general, it has not been 
possible to critically scrutinize all the original data 
presented in these volumes, except to eliminate 
perpetuation of gross errors. However, in a signifi- 
cant number of cases, such as for the properties of 
liquids and gases and the thermal conductivity of 
all the elements, the task of full evaluation, synthesis, 
and correlation has been completed. It is hoped that 
in subsequent editions of this continuing work, 
not only new information will be reported but the 
critical evaluation will be extended to increasingly 
broader classes of materials and properties. 

The third and final major section of each volume 
is the material index. This is the key to the volume, 
enabling the user to exercise full freedom of access to 
its contents by any choice of substance name or 
detailed alloy and mixture composition, trade name, 
synonym, etc. Of particular interest here is the fact 
that in the case of those properties which are re- 
ported in separate companion volumes, the material 
index in each of the volumes also reports the con- 
tents of the other companion volumes.* The sets of 
companion volumes are as follows: 

Thermal conductivity: 
Specific heat: 
Radiative properties: 
Thermal expansion: 

Volumes 1, 2, 3 
Volumes 4, 5, 6 
Volumes 7, 8, 9 
Volumes 12, 13 

The ultimate aims and functions of TPRC's 
Data Tables Division are to extract, evaluate, re- 
concile, correlate, and synthesize all available data 
for the thermophysical properties of materials with 

*For the first edition or the Series, this arrangement was not 
feasible for Volume 7 due to the sequence and the schedule 
of its publication. This situation will be resolved in sub- 
sequent editions. 

the result of obtaining internally consistent sets of 
property values, termed the "recommended reference 
values." In such work, gaps in the data often occur, 
for ranges of temperature, composition, etc. When- 
ever feasible, various techniques are used to fill in 
such missing information, ranging from empirical 
procedures to detailed theoretical calculations. Such 
studies are resulting in valuable new estimation 
methods being developed which have made it possible 
to estimate values for substances and/or physical con- 
ditions presently unmeasured or not amenable to 
laboratory investigation. Depending on the available 
information for a particular property and substance, 
the end product may vary from simple tabulations of 
isolated values to detailed tabulations with generating 
equations, plots showing the concordance of the 
different values, and, in some cases, over a range of 
parameters presently unexplored in the laboratory. 

The TPRC Data Series constitutes a permanent 
and valuable contribution to science and technology. 
These constantly growing volumes are invaluable 
sources of data to engineers and scientists, sources in 
which a wealth of information heretofore unknown 
or not readily available has been made accessible. 
We look forward to continued improvement of both 
format and contents so that TPRC may serve the 
scientific and technological community with ever- 
increasing excellence in the years to come. In this 
connection, the staff of TPRC is most anxious to 
receive comments, suggestions, and criticisms from 
all users of these volumes. An increasing number of 
colleagues are making available at the earliest pos- 
sible moment reprints of their papers and reports as 
well as pertinent information on the more obscure 
publications. I wish to renew my earnest request that 
this procedure become a universal practice since it 
will prove to be most helpful in making TPRC's 
continuing effort more complete and up to date. 

It is indeed a pleasure to acknowledge with 
gratitude the multisource financial assistance re- 
ceived from over fifty of TPRC's sponsors which 
has made the continued generation of these tables 
possible. In particular, I wish to single out the sus- 
tained major support being received from the Air 
Force Materials Laboratory-Air Force Systems 
Command, the Office of Standard Reference Data- 
National Bureau of Standards, and the Office of 
Advanced Research and Technology-National Aero- 
nautics and Space Administration. TPRC is indeed 
proud to have been designated as a National In- 
formation Analysis Center for the Department of 
Defense as well as a component of the National 
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Standard Reference Data System under the cog- 
nizance of the National Bureau of Standards. 

While the preparation and continued mainten- 
ance of this work is the responsibility of TPRC's 
Data Tables Division, it would not have been possible 
without the direct input of TPRC's Scientific Docu- 
mentation Division and, to a lesser degree, the 
Theoretical and Experimental Research Divisions. 
The authors of the various volumes are the senior 
staff members in responsible charge of the work. 
It should be clearly understood, however, that 
many have contributed over the years and their 
contributions are specifically acknowledged in each 
volume. I wish to take this opportunity to personally 

thank those members of the staff, research assistants, 
graduate research assistants, and supporting graphics 
and technical typing personnel without whose dili- 
gent and painstaking efforts this work could not have 
materialized. 

Y. S. TOULOUKIAN 

Director 
Thermophysical Properties Research Center 

Distinguished Atkins Professor of Engineering 

Purdue University 
Lafayette, Indiana 
July 1969 
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Introduction to Volume 4 

This volume of Thermophysical Properties of Matter, 
the TPRC Data Series, was initiated in recent years 
and follows the general format of the Center's work 
on thermal conductivity. 

The volume comprises three major sections: the 
front text material together with its bibliography, 
the main body of numerical data and its references, 
and the material index. 

The text material is intended to assume a role 
complementary to the main body of numerical data, 
the presentation of which is the primary purpose of 
this volume. It is felt that a concise discussion of the 
theoretical nature of the property under considera- 
tion together with a review of predictive procedures 
and recognized experimental techniques will be 
appropriate in a major reference work of this kind. 
The extensive reference citations given in the text 
should lead the interested reader to a highly com- 
prehensive literature for a detailed study. It is hoped, 
however, that enough detail is presented for this 
volume to be self-contained for the practical user. 

The main body of the volume consists of the 
presentation of numerical data compiled over the 
years in a most comprehensive and meticulous 
manner. The scope of coverage includes the metallic 
elements and most metallic alloys of engineering 
importance. The extraction of all data directly from 
their original sources ensures freedom from errors of 
transcription. Furthermore, some gross errors ap- 
pearing in the original source documents have been 
corrected. The organization and presentation of the 
data together with other pertinent information in the 
use of the tables and figures are discussed in detail 
in the text of the section entitled Numerical Data. 

It is regrettable that the authors have not yet 
had the time to review and evaluate critically the 
extensive data compiled in this volume. However, it is 
hoped that the user will be able to exercise proper 
selectivity and discretion among conflicting sets of 
data based on the extensive information reported 
for each set in the accompanying specification tables. 

As stated earlier, all data have been obtained 
from their original sources and each data set is so 
.eferenced TPRC has in its files all documents cited 
in this volume. Those that cannot be readily obtained 
elsewhere are available from TPRC in microfiche 
form. 

The material index at the end of the volume 
covers the contents of all three companion volumes 
(Volumes 4, 5, and 6) on specific heat. It is hoped that 
the user will find these comprehensive indices helpful. 

This volume has grown out of activities made 
possible principally through the support of the Air 
Force Materials Laboratory-Air Force Systems 
Command, under the monitorship of Mr. John H. 
Charlesworth. In the preparation of Volume 4 we 
have drawn most heavily upon the scientific literature 
and hence we feel a debt of gratitude to the authors 
of the referenced articles. 

While this volume is primarily intended as a 
reference work for the designer, researcher, experi- 
mentalist, and theoretician, the teacher at the gradu- 
ate level may also use it as a teaching tool to point 
out to his students the topography of the state of 
knowledge on the specific heat of metals. We believe 
there is also much food for reflection by the specialist 
and the academician concerning the meaning of 
"original" investigation and its "information con- 
tent." 

The authors are keenly aware of the possibility 
of many weaknesses in a work of this scope. We hope 
that we will not be judged too harshly and that we 
will receive the benefit of suggestions regarding 
references omitted, additional material groups 
needing more detailed treatment, improvements in 
presentation, and, most important, any inadvertent 
errors. If the Volume Registration Certificate 
accompanying this volume is returned, the reader 
will assure himself of receiving annually a list of 
corrigenda as possible errors come to our attention. 

Lafayette, Indiana 
July 1969 

Y. S. TOULOUKIAN 

E. H. BUYCO 
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1 Aluminum 

2 Antimony 

3 Arsenic 

4 Barium 

5 Beryllium 

6 Bismuth 

7 Boron 

t Cadmium 

9 Calcium 

10 Cerium 

11 Cesium 

12 Chromium 

u Cobalt 

14 Copper 

15 Dysprosium 

16 Erbium 

17 Europium 

18 Gadolinium 

19 Gallium 

2U Germanium 

21 Gold 

22 Hafnium 

23 Holmium 

24 Indium 

25 Iridium 

26 Iron 

27 Lanthanum 

28 Lead 

29 Lithium 

30 Lutetium 

31 Magnesium 

32 Manganese 

33 Mercury 

34 Molybdenum 

35 Ncodymium 

36 Neptunium 

37 Nickel 

38 Niobium 

38 Osmium 

Symbol Page No. 

Al        1 

8b        6 

A  9 

Ba  13 

Be  16 

Bl         21 

B  26 

Cd  2» 

Ca  32 

Ce  36 

Cs  40 

Cr  44 

Co  48 

Cu  Si 

Dy  62 

Er -.   •    • 6S 

Eu  68 

Gd  72 

Ga  78 

Ge  7» 

Au ,    . 83 

Hf        87 

Ho  90 

In         95 

Ir         »« 

Fe  102 

La  110 

Pb  113 

U        117 

Lu  121 

Mg  124 

Mn  127 

Hg  131 

Mo  135 

Nd  140 

Np  143 

Ni         146 

Nb  153 

OB  157 

Pd  160 

^—,   .'I'TWS 
,» _ . ii 

■ i ^mmmmmm^mm^^^m 



xvlli      Grouping of Materials and List of Figures and Tables 

1.    ELEMENTS   (continued) 

Figure and/or               N 

Table No.                   N*n,'' 

41 Platinum 

42 Plutonium 

43 Potassium 

44 Praseodymium 

45 Rhenium 

46 Rhodium 

47 Rubidium 

48 Ruthenium 

4» Samarium 

50 Scandium 

51 Selenium 

52 Silicon 

5:i Silver 

54 Sodium 

55 Strontium 

56 Tantalum 

57 Tellurium 

5« Terbium 

5« Thallium 

GO Thorium 

61 Thulium 

62 Tin 

6;i Titanium 

64 Tungsten 

65 Uranium 

66 Vanadium 

67 Ytterbium 

68 Yttrium 

69 Zinc 

7Ü Zirconium 

Symbol Page No. 

Pt   163 

Pu  167 

K   171 

Pr  177 

Re  181 

Rh  184 

Rb  187 

Ru  190 

Sm  193 

Sc  198 

Se   201 

Si   204 

Ag  208 

Na  213 

Sr   218 

Ta  221 

Te  229 

Tb  232 

Tl   237 

Th  242 

Tm  245 

Sn   249 

Tl  257 

W   263 

U   268 

V   271 

Yb  274 

Y   278 

Zn  281 

Zr  287 

2.    NONFERROUS BINARY ALLOYS 

1 
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2.    NONFERROUS BINARY ALLOYS  (oonUnued) 

igure and/or 
Table No. Name 
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IXi Zirconium + Niobium 
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137 Aluminum + Copper + ZXj 

138 Aluminum + Zinc t Dil 

139 Chromium t Aluminum * QCj 

140 Chromium + Iron + EXj 

141 Cobalt + Chromium + DCi 

142 a?n»t * Chromium + EXj 

143 Copper ♦ Magnealum + 
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Silicon   MgCuy^Six 
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146 Magnesium ♦ Thorium + EXj 
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157 Nickel ♦ Molybdenum * EX, 

158 Niobium + Iron + EX, 
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160 Niobium ♦ Tantnlum + EX, 
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Mg + Th + DC,  53» 

Mg + Zn + EX,  541 
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(18SCrS20) 
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Ni + Mn + DC,  568 
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Nb + Fe + DC,  874 

Mb + Mo + DC,  877 

Nb + Ta + EX,  680 
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Notation 

. 

A 
a 
b 
c,C 

C..Q 

C, 
c c 

d 
e 
E 

H 
(AW)/ 
h 
I 
j,r 
K 
k 

L 
m 
'»e 
n 
"A 

N, 
P 
1 

Grüneisen constant; Cross-sectional area 
Lattice constant: Empirical constant 
Empirical constant 
Heat capacity of mass w, specific heat per 
unit mass 
Constant which depends on particular type 
of lattice and on crystal structure, respec- 
tively 
Electronic specific heat 
Specific   heat   at  constant   pressure   and 
constant volume, respectively 
Density 
Base of natural logarithm, 2.71828 
Total energy of an oscillator, particle, or 
system; Internal energy; Voltage 
Enthalpy 
Heat of fusion 
Planck constant, 6.6262 x 10 "a7 erg sec 
Electrical current 
Quantum mechanical exchange constants 
Calibration factor in ice drop calorimeter 
Boltzmann  constant,   1.3806 x 10"ie erg 
K1 

Linear dimension 
Mass of a particle, »ystem, or specimen 
Mass of an electron 
Integer, 0, 1,2, 3,. . . 
Avogadro's number, 6.0222 x 1023g-morl 

Number of electrons per gram atom 
Momentum of a particle; Pressure of a gas 
Direction coordinate from equilibrium posi- 
tion 

R 
s 
T 
I 

V 
v 
W 
x,xm 

X, 

a, a, 

"n, 9m 

Amount of heat absorbed or removed from 
the system 
Gas constant, 8.3143 J K"1 g-mol'1 

Spin vector 
Temperature, K 
Time 
Volume 
Specific volume 
Work done on or by the system 
hv/kT and hv^/kT, respectively, as used in 
equation (17) 
Atomic mole or mass fraction of ith com- 
ponent in an alloy or mixture 
Coefficient  of thermal  linear  expansion, 
and a constant which depends on crystal 
structure, respectively 
Coefficient of isobaric volumetric expansion; 
Constant in Debye cube law 
Constant in  the electronic specific heat 
relation (26) 
Characteristic Debye temperature and Ein- 
stein temperature, hvvlk and hv/k, respec- 
tively 
Frequency of oscillation of a particle 
Debye frequency 
Natural angular frequency 
Electrical resistivity 
Number of free electrons per unit volume 
Energy of an oscillation 
Mathematical constant, 3.14159 . . . 
Isothermal   compressibility,   as   used   in 
equation (36) 

1« 



Theory of Specific Heat of Solids 
1. INTRODUCTION 

Rapid advances in the frontiers of science and 
technology have brought about a general realization 
of the fact that the present limitations in many 
technical developments are a direct result of inade- 
quate knowledge of the thermophysical properties 
of materials. In the high-temperature range 
(r > 1000 K), interest in the determination of 
specific heats of materials has been hastened because 
of the requirements in space programs as well as 
industrial applications. The need for data at high 
temperatures has advanced our knowledge in many 
areas of solid state studies such as lattice vibrations, 
energy levels in magnetic solids, electronic distribu- 
tions, and many other atomic and molecular 
phenomena. 

The measurement of specific heat at cryogenic 
temperatures (Cp a Cv for T < 4 K.) provides us 
with a direct means to test theoretical models of a 
system. For instance, precise specific heat measure- 
ments were needed to test the validity of Debye's 
and Einstein's theory for specific heat of solids at 
low temperatures. Finally, knowledge of accurate 
specific heat data at low temperature is very useful 
in studies of cryogenic techniques. 

2. DEFINITIONS 
When a quantity of heat Q is added to a system 

so that there is a change in temperature, ra - fj, 
then the mean heat capacity of the mass m of the 
substance is defined by 

Q 
r = —-— (1) 

ra - 7-! 

The limiting value of the above ratio as the tempera- 
ture changes by dTis defined as the true heat capacity, 
i.e.. 

dT 
(2) 

*4Q is used Instead of dQ to indicate that it is not an exact 
difTerential. 

In order to obtain a quantity tha* is independent of 
the mass, m, of a substance, equatk.' (2) is divided 
by m; i.e., 

dQ 
C = ~ = 

m     mdT 
(3) 

The quantity q represents the amount of heat per 
unit mass, so that equation (3) may also be written as 

C = 
dT 

(4) 

Raising the temperature of a unit mass of a substance 
by an amount dT, however, does not define the pro- 
cess in a thermodynamic sense; for instance, it will 
take a different amount of heat dq if the process 
is at constant pressure than when the process is at 
constant volume. As a matter of fact there are an 
infinite number of different processes for a system 
at temperature Tlo change to a temperature T + dT. 
It is clear, therefore, that an infinite number of 
specific heats could also be defined for a substance. 
The two processes that are most commonly used in 
thermodynamics are those at constant volume and 
constant pressure. For these two processes equation 
(4) may be written 

= wr). 
and 

= (-) \dT}v 
C„= \^- 

(5) 

(6) 

Experimentally, the values of the specific heat 
measured are either at constant pressure, Cp, or at 
constant volume, Cv. The units most commonly used 
for specific heat are cal g"1 K."1, Btulb"1 F"1, joules 
kg'1 K-1. The units for molar or atomic specific 
heat are cal g-mol"1 K"1, Btu Ib-mol"1 F-1, joules 
kg-mol"1 K."1, cal g-atorn"1 K."1, joules kg-atom"1 

K-Setc. 
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3. DULONG AND PETIT'S LAW 

In 1819 Dulong and Petit [9] published the 
results of their measurements on the specific heat at 
constant pressure of thirteen solid elements at room 
temperature. From these measurements, they ob- 
served that the product of the specific heat at constant 
pressure and the atomic weight was approximately 
a constant, about 6 cal g-atorrr' K '. Subsequent 
researches, extending from 1840 to 1862, revealed 
the general applicability of the Dulong and Petit's 
law to several metallic elements, when the specific 
heat at constant pressure was determined at tem- 
peratures sufficiently below their melting point but 
rot far below room temperature. During the same 
period an important extension of Dulong and Petit's 
law was applied to chemical compounds, i.e., the 
molar specific heat of a compound is equal to the 
sum of the atomic specific heats of its constituent 
elements. This law which is generally referred to as 
the Kopp Neumann law [32] has also been applied 
to predict the atomic specific heat of alloys. For 
alloys, the atomic specific heat is equal to the sum 
of the product of the atomic specific heat of each 
constituent element and its atomic fraction. If an 
alloy consists of elements 1, 2, 3,..., n, with atomic 
fraction Xx, X2, X3,.. ., Xn and atomic specific heat 
t-pl» *■ B2' ^-1 p3< Cpn, then the atomic specific heat 
of the alloy is 

Q = 2 W* (7) 

Equation (7) should be applied with caution for 
alloys especially near magnetic and phase transitions. 
Bottema and Jaeger [S] have applied the Kopp 
Neumann law to the alloy Ag3Au and they found 
that the experimental data on the specific heat at 
constant pressure of this alloy agree closely with the 
calculated values between 0 C to 400 C. Between 
400 C and 800 C, the values obtained from the Kopp 
Neumann law were 0.5 percent to 1.8 percent higher 
than the experimental results. Buyco [46] calculated 
the specific heat ofthe alloys of aluminum, beryllium, 
nickel, and iron between 300 K to 1000 K and found 
the calculated values agree with the experimental 
data to within 5 percent. 

The theoretical justification ofthe law of Dulong 
and Petit wns demonstrated by Boltzmann in 1871. 
The results obtained previously by Dulong and 
Petit also follow from Boltzmann's equipartition of 
energy theorem. Complete and detailed derivation of 
this theorem is discussed elsewhere [IS, 20, 21, 33, 
and 43]. 

The following is a brief exposition. The energy 
of a linear harmonic oscillator consists of kinetic 
and potential energies, i.e., 

T (8) 

where p is the momentum, m is the mass, m is the 
natural angular frequency, q is the distance from 
equilibrium position, and £ is the total energy of an 
oscillator. From the theorem of equipartition of 
energy [IS, 20, 21, 31], each degree of freedom 
contributes (AT/2) to the energy of a particle in 
equilibrium. A three-dimensional oscillator which 
has six degrees of freedom will therefore have an 
internal energy of 3 AT at thermal equilibrium. A 
gram-atom of an element has NA atoms; hence, the 
internal energy is 3NAkT. The specific heat at con- 
stant volume is obtained by differentiating the internal 
energy with respect to temperature at constant 
volume, i.e., 

\en„ C, = 3NAk (9) 

where NA is the Avogadro constant and k is the 
Boltzmann constant. The product of Avogadro 
constant and Boltzmann constant is equal to the gas 
constant R. Therefore: 

Cv = 3/{s S^calmol^K"1 

Hence, the Dulong and Petit value of about 6 cal 
mol-1 deg ' for the specific heat of metallic solids 
can be accounted for on the basis of classical statisti- 
cal mechanics. However, the observation of Dulong 
and Petit was short lived. In 187S Weber [48] 
showed that the atomic specific heat of silicon, boron, 
and carbon are considerably lower than the values 
predicted by-Dulong and Petit. For example, the 
atomic specific heat of crystalline silicon, boron, and 
diamond were found to be 4.8, 2.7, and 1,8 cal 
mol"1 deg"1, respectively, at room temperature. 
Subsequent specific heat measurements at low 
temperatures (7" < 300 K) revealed that the specific 
heat of solids increased rapidly with temperature and 
almost leveled off about their Debye temperature. 
Classical theory does not explain this behavior for 
solids. It should also be noted that classical theory 
encounters the same difficulty in the behavior of 
molar specific heats. 

4. EINSTEIN'S SPECIFIC HEAT THEORY 

Einstein [10] proposed a simple model to account 

1 
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for the decrease in the specific heat at low tempera- 
tures below the value 3/J per mole which was ob- 
tained at elevated temperatures. His oversimplified 
physical model considers the thermal properties of 
the vibrations of a lattice of NA atoms as a set of 
3JVA independent harmonic oscillators in one dimen- 
sion, each with the same frequency, v. He then 
quantized the energy of the oscillators in accordance 
wi»h the results obtained by Planck. According to 
Planck, a harmonic oscillator does not have a con- 
tinuous energy spectrum but can accept energy values 
equal to an integer times hv, where v is the frequency 
of oscillations and h is the Planck constant. Hence 
the possible energy levels of an oscillator may be 
given by 

= nhv n = 0.1,2,3, 

The average energy of an oscillator at temperature T, 
according to the well known Planck formula [7, 
20, 21, 321, is 

JM 

(10) 
exp(hv/kD - 1 

In Einstein's model the vibrational energy of a solid 
element containing NA atoms is 3JVA times the 
average energy of an oscillator, i.e.. 

£ = 3tfA 
h> 

e*p(hv/kT) - I 
(11) 

The results obtained from quantum mechanics 
however showed that the average energy of an os- 
cillator [7, 1S] should be written as 

hv hv 

' T    e*v{hv/kT) - 1 
(12) 

instead of as in equation (10). 
The result obtained for the specific heat by 

differentiating equation (10) is the same as that 
obtained from equation (12). In any case the specific 
heat for one atom of an element is 

Q:c-- 
lNAk{hv/kT)acxp(hv/kT) 

[txp(hv/kT) - l]3 (13) 

For convenience, the characteristic Einstein tem- 
perature defined by 0G ■ hvjk may be introduced 
in equation (13) to obtain 

3/?(ölt/r)
aexp(<yr) 

<:.,= 
[exp(Vn - U3 

(14) 

In the high-temperature range with T > flE 

[IS, 20, 21, 32], equation (14) upon expansion in 
power series becomes 

^"['-T^n   (,s, 

When the value of l(flB/r)
a/12] is such that it is very 

much smaller than 1, then Einstein's theory yields 
the classical Dulong and Petit value of 6 cal mol'1 

deg-1. 
In the low-temperature region T ^ 0E, equation 

(14) may be written approximately as 

C,S3Ä^ exp(-<yD (16) 

According to equation (16), the low-temperature 
specific heat of solids should approach zero exponen- 
tially. Experimental evidence indicates that Cv 

approaches zero more slowly than this. The reason 
for the discrepancy between Einstein's theoretical 
prediction and the experimental results may be ex- 
plained on the basis of the assumption made in the 
theory that each atom in a solid vibrates indepen- 
dently of the others but with precisely lhe»same fre- 
quency. However, in spite of the weakness in 
Einstein's theory, his pioneering work opened the 
way for the application of quantum theory to the 
specific heat of solids. 

5. DEBYE'S SPECIFIC HEAT THEORY 

From the point of view of the wave whose wave- 
length is large compared with the interatomic dis- 
tances, a crystal may appear like a continuum. The 
fundamental assumption of Debye [6] is that the 
continuum model may be employed for all possible 
vibrational modes of the crystal. Debye has given a 
limit to the total number of vibrational modes 
equal to 3JVA, where NK is the number of atoms in a 
gram atom of an element. In this case, the frequency 
spectrum which corresponds to an ideal continuum 
is cut off in order to comply with a total of iNA 

modes. This procedure should provide a maximum 
frequency vD (Debye frequency) which is common to 
both the longitudinal and transverse modes. By 
associating with each vibrational mode a harmonic 
oscillator of the same frequency, Debye obtained the 
following expression [7, IS, 20, 21, 32] for the vi- 
brational energy: 

E~9NAhvJ--] —— (17) 
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where 

x = hv/kT xm = hvD/kT 

Clearly, when 7" > flD, xm is small compared with 
unity for the whole integration range. In this case 
c1 — 1 2 JC so that equation (17) could easily be 
integrated to obtain the expression 

Ez3NAkT (18) 

Then 

\6T). 
C„ = 3ArAA = 3Ä s 6cal mol"1 deg -1 

a result agreeing with classical theory. 
At very low temperatures, T < 6D, the upper 

limit of integration in equation (17) may be replaced 
by infinity since hv/kT -»■ oo as 7" ->• 0. It is now 
possible to integrate equation (17) as follows [SI] 

J 0 

.V3 dx 

e' - 1 
= 62-; = 

15 

Hence 

and 

or 

E = ^r*NAkT 
& 

(19) 

(20) 

c--(^-fMD-   (2,) 

- * (-\ (22) 

For one atom or one mole of a substance, 
R - 1.987 cal mol'1 deg'1 so that equation (22) 
may be written as 

t       464 31—^ cal mol'1 deg'1 T< (i) 
(23) 

Debyc's theory predicts a cube law dependence 
of the specific heat of the elements for temperatures 
T < (ÖD/10). The range of validity of this law [15] 
has now been restricted toT < (flD/50) as a result of 
more recent theoretical work on specific heat studies. 
The predictions of Debye's theory agree quite well 
with experimental values of the specific heat of solids 
and is a definite improvement over Einstein's work. 

Due to improved calorimetric measurements at 
low temperatures (7" < 5 K), in recent years accurate 

specific heat values revealed that Debye's equation 
for Cv does not fit the experimental results precisely. 
Furthermore, it was observed that 0D, which ac- 
cording to Debye's theory is a constant, did in fact 
vary with temperature. The deficiency of the Debyc 
theory may be explained on the basis of the approxi- 
mation made in treating solids as a continuous 
elastic media and neglecting the discreteness of the 
atoms. 

Further improvements on Debye's theory was 
developed by Born and Karman [4]. They calculated 
the frequency spectrum by considering the lattice 
modes of vibration for a particular crystal structure 
under investigation. The method is involved so that 
one is referred to the original work [4] for detailed 
discussion. 

6. ELECTRONIC SPECIFIC HEAT 

In 1900, Drude [8] suggested a model for a free- 
electron theory of metals. He assumed that metals 
contain free electrons in thermal equilibrium with the 
atoms of the solid. He further assumed that the 
potential energy of the free electrons is equal to the 
product of the number of electrons per unit volume 
and the average energy of an electron. The essential 
feature in the problem is the determination of the 
number of electrons with energy between £ and 
E + dE. Classical theory using Maxwell-Boltzmann 
statistics [2, 8, 15, 20, 21, 32, 43], would give an 
expression for the electronic specific heat as 

C. = W (24) 

Using Fermi Dirac statistics [7, 15, 19, 20, 21, 
31, 32], the following expression for the electronic 
specific heat may be obtained at low temperatures: 

(w \a'3 

—j    T (25) 

or simply 

C,=yT (26) 

where pt is the number of free electrons per unit 
volume, y is the proportionality constant, T is the 
absolute temperature, A^ is the number of electrons 
per gram atom, m, is the mass of an electron, k is the 
Boltzmann constant, h is the Planck constant, 
R is the gas constant, and Ct is the electronic specific 
heat. 

The specific heat of metals below the Debye 
temperature and "very much" below the Fermi 
temperature [IS, 19, 20, 21, 32] may be expressed as 

-rm 
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the sum of the electronic specific heat and the lattice 
specific heat, i.e., 

C.^yr + jSr3 (27) 

Indeed, this relationship has been verified by accurate 
low temperature specific heat measurements. At 
sufficiently low temperature (7" < 1 K) the electronic 
specific heat is dominant, while at high temperatures 
the lattice contribution is predominant. 

7. MAGNETIC SPECIFIC HEAT 

There are two types of materials that exhibit a 
magnetic contribution to the total specific heat: 
namely, the ferromagnetic and the ferrimagnetic 
materials. 

A ferromagnet is a material [7, 15, 20, 21, 32] 
that contains a spontaneous magnetic moment. 
This means that this material possesses a magnetic 
moment even in the absence of an external magnetic 
field. This type of material exhibits a magnetic 
ordering with parallel alignment of adjacent spins. 
A ferromagnetic material has a Curie temperature, 
Tc, which is defined as the temperature above which 
magnetization disappears, and the material becomes 
paramagnetic. The Curie temperature separates the 
ordered ferromagnetic phase from the disordered 
paramagnetic phase. 

An antiferromagnet is a material [7. IS, 20, 21, 
32], that has spins which are ordered in an anti- 
parallel arrangement. There is no net magnetic 
moment at temperatures below the Neel temperature. 
Hysteresis is usually observed and a sharp maximum 
in the susceptibility curve is exhibited. Above the 
Neel temperature, the spins are said to be free, and 
the material becomes paramagnetic. In some ways 
ferrimagnetic materials are similar to the ferro- 
magnetic materials except that in the former the 
adjacent spins are unequal and antiparallel. The Neel 
temperature may be defined for ferrimagnetic material 
as the temperature separating the ordered ferri- 
magnetic phase from the disordered paramagnetic 
phase. 

For ferri- and ferromagnets, the internal energy 
[7, IS, 20, 21, 32], is given by the expression 

„ /   kT  \™ C' x*dx 

At low temperatures the upper limit for x may 
be taken equal to infinity and hence the integral may 
be easily determined. Differentiating equation (28) 
gives the magnetic specific heat [IS] 

dE /kT\a'a 

where a.f and Cr are constants which depend upon 
crystal structure, a is the lattice constant, J is the 
quantum mechanical exchange constant, k is the 
Boltzmann constant, NA is the Avogadro number, 
s is the magnitude of the spin vector, and V is the 
volume of the material. 

Equation (29) shows that at low temperatures 
the ferromagnetic contribution to the specific heat is 
proportional to the three-halves power of the absolute 
temperature. For metals which are ferromagnetic 
[15], the total specific heat is equal to the sum of the 
electronic, lattice, and magnetic terms, i.e.. 

Q=y7,-l-j8r3-l-S7•3,1 (30) 

For ferrimagnets, which are electrical insulators, [IS], 
the electronic term is negligible compared with the 
other terms, so that the total specific heat may be 
given by the expression 

C„ = jSr + ST"3'2 (31) 

Both sides of equation (31) may be divided by 
"3,8 to give 

Q/T3'2 = ßT312 + h (32) 

A plot of C„/r3 2 versus J"3 2 should give a straight 
line with slope ß and intercept S. 

For the case of antiferromagnetic materials 
[IS], the expressions for the mean internal energy is 

o /    kT   \4 C xadx 
E = 4ny{2*ana*)l—-—]    (33) 

The upper limit for integration may be taken as 
equal to infinity at low temperatures so that differ- 
entiation of equation (33) gives the magnetic specific 
heat [IS, 28] 

/kT\3 

c''cMu}       ,34, 

where Ca is a constant which depends upon the type 
of lattice and J' is the magnitude of the exchange 
ccnstant. 

The striking difference between the contribu- 
tions to the specific heat exhibited by ferromagnets 
and ferrimagnets is the T312 dependence in the former 
and T3 dependence in the latter. Hence for anti- 
ferromagnetic materials, the temperature dependence 
is of the same form as the Debye's T3 formula. The 
separation of the spin wave contribution from the 
lattice specific heat in antiferromagnetic materials 
is indeed very difficult. 

rryj^w 
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8. LOW-TEMPERATURE SPECIFIC HEAT 

The specific heat of solids is ordinarily measured 
at constant pressure. The specific heat at constant 
volume is that which is obtained if the interatomic 
distance is kept constant as the temperature changes. 
The specific heat at constant volume, Cv, may be 
assumed to be approximately equal to the specific 
heat at constant pressure, Cp, at cryogenic tempera- 
tures. At high temperatures, Cp > Cv. This difference 
is obtained 
relations 

from   the   classical   thermodynamic 

ldV\2 jl<!V\ 

From the definition of the isothermal compress- 
ibility 

*T--(TH h (36) -©,/' 
and the isobaric coefficient of volumetric expansion 

m 
ß -Q (37) 

Using equations (36) and (37), equation (35) may 
be written as 

C   - C 
TVp 

(38) 

By rearranging equation (38), this may also be 
written as 

C'-^-(5)C''r-^ir 
(39) 

where 

A = 
KTl~p 

The parameter A is called the Grüneisen con- 
stant, which is actually only approximately constant 
[15] over a wide range of temperature. If A is calcu- 
lated at any one temperature from values of V, ß, 
and KT, it may be used [IS, 20. 21, 32] to calculate 
Cp - C,, over a wide range of temperature without 
introducting a serious error. 

For Isotropie substances, the isothermal coeffi- 
cient of volumetric expansion may be written in 
terms of the coefficient of linear expansion 

'-QJ'-iOM-* '*' 

Hence, from equation (38) 

9aa /9Kota 

C,-C„ = —7T=   -— c ar (41) 

where 

A = 
9Kaa 

KyCp 

In the absence of contributions from magnetic 
and nuclear specific heat, the expression for Cv for 
most metals has been shown [15, 20, 21, 32] to be 

Cv -yT+ßT* (27) 

where yT is the electronic contribution and /ST3 

is the lattice contribution. For nonmetals, the elec- 
tronic contribution may be very small compared 
with the lattice term so that 

C^ßT3 (42) 

When the nuclear quadrupole moment interacts 
with the electronic field gradient of the lattice and 
the electron, then the total specific heat of the sub- 
stance is given as 

Cv = yT + ßT3 + xT-a (43) 

where aT'2 is the nuclear contribution to the total 
specific heat. 

9. NORMAL AND SUPERCONDUCTING 
MATERULS 

At a certain critical temperature (supercon- 
ducting temperature), several materials exhibit 
superconducting behavior [IS, 20, 21, 32]. Below 
this temperature, the specific heat of a superconduc- 
ting material is found to depart significantly from 
the values obtained for a normally behaving material. 
It is also found that if an external magnetic field of 
sufficient strength is applied while the specific heat of 
the material is being measured, the values obtained 
correspond to what the normal values would be. 
Hence, the specific heat values obtained experi- 
mentally in the presence of sufficient external 
magnetic field below the superconducting critical 
temperature are referred to as the normal specific 
heat (Cjv) while the values obtained in the absence 
of a magnetic field are referred to as superconducting 
specific heat (Cs). For example, the critical super- 
conducting temperatures of aluminum and niobium 
are apprt .."^tely 1.196 K and 9.22 K, respectively. 
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Other Major Sources of Data 
There exists in the literature a number of reference 
sources which, while less extensive in scope, may 
nevertheless prove valuable to the reader. While it is 
not the intent here to cite every available review, 
it is felt that the following works, listed in chrono- 
logical order, are of particular significance. One 
should note that most of the citations do not present 
critical evaluation of the data they report. 

Furukawa, Saba, and Reilly [12] report on the 
critical analysis of the thermodynamic properties of 
copper, silver, and gold between 0 and 300 K. A 
tabulation is given for the values of specific heat Cp, 
enthalpy H - H0

0, entropy S0, Gibbs energy 
G - H0

0, enthalpy function (// - //0
0)/r and Gibbs 

energy function (G - H0
0)IT. The report also con- 

tains a comparison of the values of the electronic 
coefficient of the specific heat and the 0 K limiting 
Debye characteristic temperature with their selected 
values. An appraisal of low-temperature calorimetry 
is also given. 

Touloukian [44] edited a handbook entitled 
Thermophysical Properties of High Temperature 
Solid Materials consisting of nine books totaling 
more than 8500 pages. The properties covered in the 
handbook are density, melting point, heat of fusion, 
heat of vaporization, heat of sublimation, electrical 
resistivity, specific heat at constant pressure, thermal 
conductivity, thermal difiusivity, thermal linear ex- 
pansion, thermal radiative properties (absorptance, 
emittance, reflectance, and *ransmittance), and vapor 
pressure. Generally, only materials with melting 
points above 800 K. are included, except for materials 
within the categories of polymers, plastics, and 
composites. 

Touloukian, Gerritsen, and Moore [45], Thermo- 
physical Properties Research Literature Retrieval 
Guide, consisting of a set of three books, contains 
references for 33,700 research documents on thermo- 
physical properties of matter. The properties covered 
are thermal conductivity, specific heat at constant 
pressure, viscosity, thermal radiative properties 
(cmissivity, absorptivity, reflectivity, transmissivity), 

optical constants (total and spectral), diffusion 
coefficient, thermal diffusivity, and Prandtl number. 
This publication supersedes the earlier works of 
this series (Volume I, 1960 and Volume II, 1963). 
and constitutes an enlarged and consolidated 
definitive work reporting the total literature through 
June 1964. 

Schick [29] edited a comprehensive work entitled 
Thermodynamics of Certain Refractory Compounds. 
Volume 2 of this work includes thermodynamic 
properties of borides, carbides, nitrides, and oxides 
of 31 elements in the temperature range from 0 to 
6000 K. Over 160 thermodynamic tables, together 
with comprehensive discussions, are presented. 

Moeller et al.'s [24] compilation on Thermo- 
physical Properties of Thermal Insulating Materials 
should prove useful in cryogenic and high tempera- 
ture applications. The properties included in this 
compilation are thermal conductivity, thermal 
linear expansion, specific heat, total normal emit- 
tance, thermal diffusivity, compressive strength, 
density, melting point, and modulus of elasticity. 
Various experimental methor. for determining 
thermal properties are described and their accuracies 
are indicated. 

Wood and Deem [52] report on the compilation 
of specific heat, thermal linear expansion, and ther- 
mal conductivity data for materials of possible 
structural usefulness above 1500 K. Data are pre- 
sented graphically with notations as to measurement 
methods and test conditions. 

Hultgren, On, Anderson, and Kelley [16] pub- 
lished their book on the Selected Values of Thermo- 
dynamic Properties of Metals and Alloys in 1963. 
This book presents in tabular form heat capacity, 
enthalpy, entropy, free energy function, and vapor 
pressure. In some cases the heat of fusion, melting 
point, and other transition temperatures are also 
given. For the binary alloys, phase diagrams are 
included. 

Eldridge and Deem [11] issued a report under the 
auspices  of the Data and  Publication  Panel  of 

m 
^rwi 
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ASTM-ASME joint committee on effects of tem- 
perature on the properties of metals. The metals 
covered are Al, Co, Fe, Mg, Mo, Ni, and their 
alloys. The properties included are thermal conduc- 
tivity, thermal linear expansion, specific heat, electri- 
cal resistivity, density, emissivity, diffusivity, and 
magnetic permeability. Emphasis is given to data 
over a range from cryogenic (2 K) to elevated tem- 
peratures (2800 K). 

Johnson [17] edited a compendium of the proper- 
ties of materials at low temperatures. The first phase 
of the compendium covers ptoperties of ten fluids 
(Part I), properties of solids (Part II), and an ex- 
tensive bibliography of references (Part III). The 
properties covered are density, expansivity, thermal 
conductivity, specific heat, enthalpy, heats of transi- 
tion, phase equilibria, dielectric constants, adsorp- 
tion, surface tension, and viscosity for solid, liquid, 
and gas phases of He, H2, Ne, N2,02, air, CO, F2, A, 
and NH3. Data sheets, primarily in graphic form, are 

presented for "best values" of data collected. The 
sources of the materials used, other references, and 
tables of selected values with appropriate comments 
are furnished with each data sheet. 

Kelley's [18] bulletin contains the then-available 
high-temperature specific heat data for the elements 
and inorganic compounds. The thermodynamic 
properties are listed in tables and algebraic expres- 
sions for their representations are also given. 

Stull and Sinke [40] published their well-known 
reference work on the Thermodynamic Properties of 
the Elements in 1956. This book reports specific 
heat as well as thermodynamic property values for 
the elements in their condensed and gaseous state. 
A search of the literature was made by the authors 
through 19SS. Whenever experimental data were not 
available, reasonable estimates were made in order 
to fill the gaps in information. A tabulation of 
thermodynamic values from 298.13 K. to 3000 K. is 
given for the elements. 

• ^      "    " ',,,*'*Ä 
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Methods for the Measurement of the Specific 
Heat of Solids 

I. INTRODUCTION 

There are few methods for the practical and 
precise determination of the specific heat of solids. 
Although many variants and minor modifications or 
improvements are reported in the various references 
cited in this section, the most important ones are 
described in detail in reference [54]. References [55] 
to [61] also constitute major works on calorimetry 
including various specialized applications. 

The primary methods for the measurement of 
the specific heat of solids which are commonly used 
are the method of mixtures or drop method, adia- 
batic method, comparative method, pulse-heating 
method, and modiucations of these. A number of 
specific calori metric techniques are briefly described 
in this section. 

The method of mixtures [14, 37, 50] is widely 
employed for measuring specific heats of solids above 
room temperature. This method frequently gives 
accurate results in a temperature range where no 
phase transition exists. The usual method consists of 
dropping the substance under investigation from a 
furnace temperature into a calorimeter (at room or 
ice temperature) and the quantity that is obtained 
directly is the change in enthalpy. Heat capacities 
are obtained from these values by differentiation, 
i.e., Cp = (dHldT)p. This method is inherently not 
suitable for use with substances which undergo 
phase transitions over the temperature range of 
interest or whose specific heat is highly temperature 
sensitive. 

Various methods of obtaining directly the true 
specific heat based on the Nernst calorimeter [38, 
42, 47, 49] have been used successfully in obtaining 
precise data in the temperature range below room 
temperature. Attempts to use this method at 
moderately high temperatures have not produced 
accurate results because of heat exchange with the 

surroundings. This method involves the measure- 
ment of energy required to raise the temperature of 
the substance over small temperature intervals from 
a fraction of a degree to a few degrees. 

2. NERNST-TYPE ADIABATIC VACUUM 
CALORIMETER 

A typical adiabatic vacuum calorimeter consists 
of a block over which an insulated coil of platinum 
wire is wound. The block may be either a solid sample 
under investigation or a container for the solid 
sample. The block is suspended by leads in a vacuum- 
tight container. The container is cooled in a dewar 
containing liquid air, hydrogen, or helium, depending 
on the temperature range involved. At the start of 
the operation, the vacuum-tight container is filled 
with helium gas at very low pressure while the block 
is cooled to the bath temperature by heat transfer 
through the helium gas. After the block has been 
cooled, the gas is removed by pumping and a known 
amount of heat is applied to the platinum coil by 
means of electric current for a given time interval. 
The temperature rise of the block is measured by 
means of a suitable resistance thermometer. The 
specific heat is then determined from the measured 
heat input and temperature change of the sample. 
Improved versions of the Nernst-type adiabatic 
calorimeter are described by Taylor and Smith 
[42], Wallace et al. [47], and Westrum [49]. 

The calorimeter assembly which is discussed by 
Wallace el al. [47] consisted of the sample container, 
the thermal shields, the outer jacket with associated 
radiation shields, and the vacuum system. Figure 1 
presents a schematic diagram of the calorimeter. 

3. MODIFIED ADIABATIC CALORIMETER 

A modification of the direct method has been 
applied successfully by Schmidt and Leidenfrost [30] 

11« 
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to obtain the specific heats of powders and granular 
materials from 273 K to 773 K. The determination 
of specific heats was carried out for Mond Nickel 
(99.85% Ni) with an accuracy of 0.6 percent. 

The theory of the method as employed for a 
continuously heated adiabatic calorimeter for meas- 
uring powders and granular materials is discussed in 
detail in reference [30]. 

Consider a calorimeter and sample system with 
negligible heat loss to the surroundings, then the 
heat input may be expressed as 

aQ dT 
-f = mC— + Wc- 
dt dt 

dT 

Hi (44) 

where dQjdt is the heat input per unit time, T is the 
temperature, t is the time, m is the mass of the 
specimen, Wc is the thermal constant of calorimeter 
body and heater element, energy per degree, and 
Cp is the specific heat of specimen. From equation 
(44), 

mVdT/dt        c\ 
(45) 

It is desirable to achieve as small a temperature 
variation as possible if the specific heat is assumed 

T..t 
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Fig. 1. Schematic diagram for adiabatic specific heat calorim- 
eter [47). 

Fig. 2. Schematic diagram for spherical adiabatic calorimeter 
[30]. 

constant during each measurement interval. On the 
other hand, this temperature variation must be large 
enough to lend itself to precision measurement. The 
heating must be such that steady-state condition is 
reached within a reasonable length of time. Schmidt 
and Leidenfrost [30] have shown that for powders or 
granular materials of low thermal diflusivity, the 
following assumptions can be satisfied well enough to 
yield accurate measurements: 

1. The temperature field is dependent only on 
time and the radial coordinate. 

2. The sample is uniformly homogeneous, and 
its properties are constant over small tem- 
perature differences. 

3. The sum of the heat capacities of the calo- 
rimeter body and its inside heater is small 
compared with the heat capacity of the 
sample mass. 

The experimental arrangement of the apparatus 
is shown in schematic form in Fig. 2. 

4. DROP ICE CALORIMETER 

In this method [13] the heat given off by the 
sample is used to melt a portion of the ice in an 
equilibrium ice-water bath and the resulting change 

"T^ 
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Fig. 3. Schematic diagram for drop ice calorimeter [13]. 

in volume of the bath is measured by the change in 
height of a mercury column. The calibration factor 
for a particular calorimeter (ratio of heat input to 
mass of mercury displaced by melted ice) it deter- 
mined from the following expression: 

K - AÄ/Ao, - vw)dm (46) 

where K is the calibration factor. A//, is the heat of 
fusion of ice, t', is the specific volume of ice, ru is the 
specific volume of water, and dm is the density of 
mercury. 

The calibration factor K relates the enthalpy 
change of the specimen to the height of the mercury 
column. Values of (HT - /^Ta.vsi arc ^en deter- 
mined for various initial specimen temperatures. 
These data are either represented graphically or by a 
suitable empirical relation. The specific heat curve is 
either derived from the graphically smoothed en- 
thalpy data or from the equation 

C, 
ml 

^ 

A schematic drawing of the ice calorimeter is 
shown in Fig. 3. A central well is provided to receive 
the specimen whose enthalpy is to be determined. 
An electric heater, sheathed in a metal tube, is sol- 
dered on the outside of the well in order to introduce 
known amounts of heat for calibration purposes. 
The lower portion of the well is surrounded by two 
coaxial glass vessels which provide an insulating 
space between the inner ice-water system and the 
surrounding ice bath. Any volume change resulting 
from the melting of ice in the inner vessel displaces 
an equivalent volume of mercury and is collected in 
a beaker and weighed to account for the change in 
mercury in the calorimeter. A special gate prevents 
heat transfer from above to the calorimeter along the 
central well. 

5. DROP ISOTHERMAL WATER 
CALORIMETER 

In the drop water calorimeter a sample is heated 
in the furnace and dropped into the calorimeter 

CalodiMHr 

Fig. 4. Schematic diagram for drop isothermal water calorim- 
eter [SO]. 
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proper, which consists of a water bath with free air 
space above. The water in the bath is stirred to 
assure uniform temperature. The calorimeter is 
enclosed by an isothermal jacket and the top is 
covered with copper plates which have a constant 
temperature because of their high thermal conduc- 
tivity. The rise in the temperature of the calorimeter 
is measured with great accuracy by using a Beckmann 
thermometer or a sensitive thermopile. The enthalpy 
change of the specimen is determined from the 
known heat capacity of the calorimeter and its 
temperature rise. The enthalpy change may be re- 
ferred to either 273.15 K. or 298.15 K. In either case 
the specific heat is obtained from the smoothed 
enthalpy data by either graphical or analytical 
differentiation, i.e.. 

Cp = 
d(HT — //298.15)p 

dT 

A schematic drawing [50] is shown in Fig. 4 to illus- 
trate the details of the apparatus. 

4- OrOppi*fl  IMOhOMOTt 

Fig. S Schematic diagram for drop isothermal copper block 
calorimeter [37]. 

"^B 

6. DROP COPPER BLOCK CALORIMETER 

This drop calo:<meter employs a copper block 
which is submerged in an isothermal oil bath. The 
temperature of the calorimeter is measured using a 
special bridge network of copper and manganin 
resistances. The heat released from the sample is 
distributed to the copper block because of its high 
thermal conductivity. Generally it takes some time 
to achieve uniform heat distribution. The change in 
enthalpy of the specimen is measured in terms of the 
amount of heat absorbed by the copper block in 
changing from its initial temperature to its final tem- 
perature. This value is then corrected to 298.15 K 
so that the tabulated enthalpy values of the specimen 
are referred to 298.15 K, that is, HT - A/age.is- The 
specific heat as a function of temperature may then 
be derived from the smoothed enthalpy data ob- 
tained either graphically or from the equation 

d 
Cp — ~^Cr ~ "a98.i5)p 

dT 

A schematic diagram according to Southard [37] 
is shown in Fig. 5. 

7. PULSE-HEATING METHOD 

The pulse-heating method of measuring specific 
heat is very attractive, particularly for materials 
that are electrical conductors. This method was first 
discussed by Avramescu [1] and later modified by 
other investigators [2, 25, 39, 41]. The method in- 
volves the rapid heating of small samples in vacuum. 
Voltage probes are attached across the central 
portion of the sample wire which is then mounted in 
a high-vacuum system. The sample is connected to an 
electrical circuit consisting of a large storage battery, 
a variable resistor, a fixed resistor, and a high-current 
relay controlled by a timing circuit which determines 
the duration of the pulse. A schematic diagram of a 
typical circuit [41] for the measurement of specific 
heat is shown in Fig. 6. The current flowing through 
the specimen and the voltage drop across the central 
portion are measured simultaneously as a function of 
time. The specific ret-istance at each time interval is 
calculated from the relationship p • AEjLI, where 
A is the cross-sectional area of sample, E is the 
voltage, / is the current, and L is the distance between 
voltage probes. This specific electrical resistance is 
then plotted as a function of time. The specific heat 
at any temperature T is given by the equation 

' 
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Fig. 6. Schematic diagram of circuit for specific heat measure- 
ment using pulse-healing method (41). 

Cp = 
Ehdp/dT) 

Jm(dp/dt) 
(47) 

where Cp is the specific heat, cal g"1 K"1, J is the 
conversion factor, 4.184 joules cal-1, mis the mass of 
sample between voltage probes, grams, dpjdT is the 

temperature coefficient of the resistance at tempera- 
ture T, dp/dt is the time rate of change of resistivity 
at temperature T, and p is the electrical resistivity of 
sample. 

8. COMPARATIVE METHOD 

The method consists of placing a specimen with 
its temperature-monitoring thermocouple in a re- 
fractory container of low thermal conductivity and 
in turn placing this in a furnace whose temperature is 
maintained constant above or below the specimen 
temperature. The container is calibrated by deter- 
mining its heating rate when empty and then with a 
reference sample of known specific heat. Separate 
electrical heating circuits are usually provided for 
the specimen and the shield so that their temperature 
will rise equally and simultaneously in order to 
reduce heat losses. The specific heat Cp3 of the 
unknown specimen is calculated from the following 
relation: 

Cpaiy2     At2/ATa- &r/Mr 

C,^      A^/A^ - A/r/A7V 
(48) 

where (Ar/AT") is the slope of a time-temperature 
curve, and the subscripts r, 1, and 2 represent the 
empty container, the container with specimen 1, 
and the container with specimen 2, respectively. 
The papers by Boggs and Wiebelt [3] and Smith [34] 
give excellent accounts in the use of this method. 

Irreproducible heating or cooling conditions and 
differences in thermal conductivity between the 
unknown and reference specimen usually account for 
the inaccuracies encountered in this method. 
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Data Presentation and Related General 
Information 

1. SCOPE OF COVERAGE 

The materials studied in this volume consist of 
metallic elements and their alloys.* The elements are 
listed in the table of contents in alphabetical order 
according to chemical name while the alloys are in 
alphabetical order according to the major constituent 
element. The data presented arc original experimen- 
tal data on the specific heat of these materials as 
reported by various investigators. These data were 
extracted from the world's technical and scientific 
literature. United States Government Publications, 
Doctoral and Masters dissertations, data supplied 
by private companies, and special reports of major 
research centers throughout the world. The ange of 
temperatures covered is from zero degn» Kelvin 
to the melting point and beyond. For most high- 
temperature metals and alloys, no information is 
found in the liquid range. 

2. PRESENTATION OF DATA 

The data for all substances are presented in 
graphical and tabular form together with a specifica- 
tion table for each substance. The specification table 
gives the temperature range, the original reference 
number, the curve number, reported estimates of 
error, year of publication of the original document, 
specimen designation, and such other pertinent 
information as composition or purity of sample, test 
environment, mechanical, chemical, and thermal 
history of the test specimen, etc., to the extent pro- 
vided in the original source document. The data for 
the specific heat of the materials are plotted on a 
log-log scale for comparative evaluation. When 
several sets of data are coincident, the graphical 

•Boron, which is a nonmetal, has been included in this volume 
because of its extensive use as an alloying element for most 
metallic alloys. However, boron has also been listed in 
Volume S, as a nonmetal. 

plotting of all of them would lead to confusion. For 
this reason, some of the sets of data points are omitted 
from the figures. They are, however, reported in the 
data tables and specificatior tables. 

The numerical data are presented in double 
columns. The temperature T is in degrees Kelvin, 
and the specific heat Cp is in calories per gram per 
degree Kelvin. A unique curve number is assigned 
to each set of data. This corresponds exactly to the 
number which also appears in the specification table 
and on the figure. 

The two general types of data that are obtainable 
from the literature are the true specific heat data 
obtained directly from the results of measurements 
using, for instance, the Nernsi-type calorimeter and 
the derived true specific heat data, deduced from 
direct enthalpy measurements using the drop tech- 
nique. In the latter type an empirical equation has 
been fitted by the authors to the enthalpy data by 
least squares technique and specific heat obtained by 
differentiation. The results are usually tabulated at 
rounded temperature intervals. 

3. SYMBOLS AND ABBREVIATIONS USED 
IN THE FIGURES AND TABLES 

Symbol               Definition Units 
T         Temperature degree 

Kelvin, K 
Cp       Constant pressure specific heat calg^K"1 

Cv       Constant volume s\. xific heat calg^K"1 

M.P.    Melting point degree 
Kelvin, K 

T.P.     Transition point degree 
Kelvin, K 

s.c.       Superconducting 
N        Normal 
c          Cubic 
f.c.c.    Face-centered cubic 

19« 
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Classification of Materials 

Limits of composition (weight percent)* 

Classification Xi                  Xi + Xa                 Xa                       Xa 

I. Metallic elements 

2. Nonferrous 
alloys 

(X, # Fe) 

>99.5 

3. Ferrous 
Alloys 
(X. - Fe) 

A. Binary 
alloys 

B. Multiple 
alloys 

A. Carbon 
steels 

B. Cast 
irons 

>99.5 
>99.S 
<99.S 
<99.5 

L< 99.5 

X, 

<0.2 

>0.2 
>0.2 
>0.2 
>0.2 
<0.2 

<0.2 

<0.2 
>0.2 
<0.2 
>0.2 
<0.2 

Mn, P, S. or Si 

|-Group I - 

'-Group II 

Fe 

Fe 

LFe 

C. Alloy   
steelsf 

Group I Fe 

L Group II — 

Group I Fe 

Fe 
Fe 

•-Fe 

L-Group II 
^ 

Fe 
i-Fe 

C<2.0 

C<2.0 
C<2.0 
C^2.0 

C >2.0 

C >2.0 
C >2.0 
C >2.0 

¥ C 

*C 

<0.2 

<0.2 
>0.2 
>0.2 

<0.2 

<0.2 
>0.2 
>0.2 

< 0.2 and 
C <2.0 

<0.2 
>0.2 
>0.2 

<0.6 

>0.6 
<0.6 
>0.6 

<0.6 

>0.6 
<0.6 
>0.6 

<0.6 

>0.6 
<0.6 
>0.6 

•X, > Xa > X, > X  
tin case Mn. P, S, or Si represents Xa. this particular element is dropped from the last column. Alloy cast irons are also 

included in Group II of this category. 

b.c.c.    Body-centered cubic 
h Hexagonal 
c.p.h.   Close-packed hexagonal 

The subscripts "th" and "IT" designate "thermo- 
chelnical" and "International Steam Table," re- 
spectively. 

• 

4. CONVERSION FACTORS FOR UNITS OF 
SPECIFIC HEAT 

The conversion fa ctors given in the table on 
page 20a are based upon the following basic detini- 
tions: 

1 lb = 0.45359237 kg* 
1 calth = 4.184 (exactly) J* 
I calrr = 4.1868 (exactly) J* 
1 Btuth Ib"1 F1 = Ical^g-'C^t 
I BtuIT Ib^F"1 = IcaljTg-iC-n 

'National Bureau of Standards, "New Values for the Physical 
Constants Recommended by NAS-NRC," WW 7>cA. News 
B«//. 47(10). 175-7. 1963. 

t Mueller, E. F. and Rossini, F. D., "The Calory and the 
Joule in Thermodynamics and Thermochemistry," Am. J. 
Fhys. 12(1), 1-7, 1944. 

5. CLASSIFICATION OF MATERIALS 

The classification scheme as shown in the table 
for metallic elements and alloys contained in this 
volume is based upon the chemical composition of 
the material. This scheme is mainly for the conveni- 
ence of material grouping and data organization 
and is not intended to be used as definitions for the 
various material groups. 

6. CONVENTION FOR BIBLIOGRAPHIC 
CITATION 

For the following types of documents the biblio- 
graphic information is cited in the sequences given 
below. 

T 
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Journal Article: 
a. Author(s)—The names and initials of all 

authors are given. The last name is written 
first, followed by initials. 

b. Title of article—In this volume, the titles of 
the journal articles listed in the References to 
Text are given, but not of those listed in the 
References to Data Sources. 

c. Journal title—The abbreviated title of the 
journal as in Chemical Abstracts is given. 

d. Series, volume, and number—If the series is 
designated by a letter, no comma is used 
between the letter for series and the numeral 
for volume, and they are underlined together. 
In case scries is also designated by a numeral, 
a comma is used between the numeral for 
series and the numeral for volume, and only 
the numeral representing volume is under- 
lined. No comma is used between the 
numerals representing volume and number. 
The numeral for number is enclosed in 
parentheses. 

e. Pages—The inclusive page numbers of the 
article. 

f. Year—The year of publication. 

Report: 
a. Authors) 
b. Title of report—In this volume, the titles of 

the reports listed in the References to Text 
are given, but not of those listed in the 
References to Data Sources. 

c. Name of the responsible organization. 

d. Report, or bulletin, circular, technical note, 
etc. 

e. Number 
f. Part 
g. Pages 
h. Year 
i.  ASTIA'S  AD  number—This   is  given  in 

square brackets whenever available. 

Book: 
a. Author(s) 
b. Title 
c. Volume 
d. Edition 
e. Publisher 
f. Place of publication 
g. Pages 
h  Year 

7. CRYSTAL SIRUCTURES, TRANSITION 
TEMPERATURES, AND OTHER 
PERTINENT PHYSICAL CONSTANTS OF 
THE ELEMENTS 

The table on the following pages contains 
information on the crystal structure, transition 
temperatures, and certain other pertinent physical 
constants of each element. This information is very 
useful in data analysis and synthesis. However, no 
attempt has been made to critically evaluate the 
temperatures/constants given in the table and they 
should not be considered recommended values. This 
table has an independent series of numbered refer- 
ences which immediately follow the table. 
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MATERIAL INDEX TO SPECIFIC HEAT 
COMPANION VOLUMES 4, 5, AND 6 

Al 

I 

Material Name Vol. 

Acetone KCltyjCOl 

Acetylene (CHCH) 

Acetylenogen (see Calcium dicarbide) 

Air 

ABl 301 

ABl 304 

ABl 305 

ABI 310 

ABI 316 

ABI 347 

ABI 420 

ABI 430 

ABI 446 

Alpha brass alloy 

Alumel 

Alumina (see Aluminum oxide) 

Aluminosilicate glass (Si02 + AI2O5 +LXi) 

Aluminum 

Aluminum + Copper + EXj 

Aluminum + Zinc +JPCJ 

Aluminum alloys (specific types) 

24 S (same as 2024) 

75 S (same as 7075) 

2024 

7075 

Aluminum antimonide (AlSb) 

Aluminum carbide +SXi (AI4C3 +SXi) 

Aluminum trifluoride (AIF3) 

Aluminum nitride (A1N) 

Aluminum nxide (AUOj) 

Aluminum phosphide (AIP) 

Page 

113 

117 

293 

B93 

699 

702 

705 

708 

711 

678 

681 

684 

346 

568 

1227 

1 

.r>n 

51-) 

511 

514 

511 

514 

297 

395 

915 

1075 

26 

517 

Material Name Vol. 

Aluminum silicates: 

AljSiOj 

AljSiAs 

AljSiA^HjO 

Dialumlnum silicon pentaoxide (Al^iOg) 

Hexaaluminum disilicon 13-oxide (AlgS^O^) 

Dialumlnum disilicon heptaoxide dihydrate 
(AljSijO^HjO) 

Aluminum sulfates: 

Al2(S04)j 

A12(S04)3-6H20 

Dialumlnum trisulfate 1A12(S04)3) 

Dialumlnum trisulfate hexahydrate 1A12(S04)J 
6H2O) 

Aluminum titanate (see Dialumlnum titanium 
pentaoxide) 

Dialumlnum titanium pentaoxide (Al2TiOB) 

Ammonia (NH3) 

Ammonium aluminum sulfates 1 

NH4A1(S04)2 

NH4A1(S04)2- 12H20 

Ammonium aluminum disulfate I N1I|A1(S()4), 

Ammonium aluminum disulfate dodecahv- 
drate 1 NI^KSC^V 12H20) 

Dlammonium sulfate l(NH4)2S04) 

AMS 4901 B (see Titanium, Tl-75 A) 

Antimonic acid anhydride (see Diantimony 
pentaoxide) 

Antimony 

Anti mony oxides: 

Sb204 

Sb^ 

Page 

1289 

1292 

1295 

1289 

1292 

1295 

1161 

1164 

1161 

1164 

1298 

(il 

1170 

1173 

1170 

1173 

1167 

30 
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A2 

Material Name Vol. m* |                          Material Name Vol. Page 

1 Baking soda (see Sodium bicarbonate) 

Barium 4 13 | 
1 Diantimony tetraoxkle (Sl)2{)4) 5 30 

Barium carbonate (BaCOj) 5 1109 
1 Dianlinionv pentaoxlde (SbjOj) 5 33 

Barium dlchlorlde (Bad,) 5 785 
1 Antimony sulfide (see Diantimony trisulflde) 

Barium dlchlorlde dlhydrate {BBLCIJ-2HtO) 5 788 
Diantimony trisulflde (Sb^j) 5 635 

1 Barium fluoride (see Barium dlfluorlde) 
Antimony sulfur Iodide (SbSI) 5 485 

Barium cttfluoride (BaF2) 5 918 
Argartum (see Sliver) 

Barium dinltrate I BatNOj^l 5 1139 
Argon 6 1 

Barium oxide (BaO) 5 42 
Armco Iron 4 102 

Barium silicates: 
Arsenic 4 9 

|            BaSlOj 5 1301 
Arsenic acid (see Dlarsenlc pentaoxlde) 

i            BajSlO« 5 1304 
Arsenic anhydride (see Dlarsenlc pentaoxlde) 

BaSljOg 5 1307 
Arsenic trUodlde (Asl,) 5 488 

BajSijOj 5 1310 
Arsenic oxides: 

Barium silicon trioxide (BaSlOj) 5 1301 

1             ABJ0S 5 36 
Dibarium silicon tetraoxlde (BajSKV 5 1304 

As206 5 39 
Barium dlsilicon pentaoxlde (HaSi206) 5 1307 

Arsenic sesquioxlde (As,©») 5 36 
Dibarium trlsllicon octaoxide (BajSijO,) 5 1310 

Dlarsenlc trioxide (see Arsenic sesquioxlde) 
Barium sulfate (HaSC)4) 5 1176 

Dlarsenlc pentacoclde (As20() 5 39 
Barium sulfide (BaS) 5 644 

Arsenic sulfides: 
Barium titanates: 

AsS 5 638 
BaTlO, 5 1313 

j           As^Sj 5 641 
Ba2T104 5 1316 

Arsenic sulfide (AsS) 5 638 
Barium titanium trioxide (BaTlOj) 5 13W 

Arsenic tersulfide (see Dlarsenlc trisulflde) 
Dibarium titanium tetraoxlde (Ba2Ti04) 5 1316 

Dlarsenlc trisulflde (AsjS,) 5 641 
Barium uranate (see Barium uranium tetra- 

Arsenious acid (see Arsenic susquioxide) i       oxide) 

Arsenlous iodide (see Arsenic trUodlde) Barium uranium tetraoxlde (BalKV 5 1319 

Arsenious oxide (see Arsenic sesquioxlde) Barium zirconate (see Barium zirconium 
trioxide) 

Arsenious aulflde (see Dlarsenlc trisulflde) 
Barium zirconium trioxide (BaZrO,) 5 1322 

Arsenous anhydride (see Arsenic sesqui- 
1      oxide) Benzene (CgHj) 6 121 

Arsenous sulfide (see Dlarsenlc trisulflde) Beryllia (see Beryllium oxide) 

ASTM B 265-S8 T, grade 3 and 4 (see Beryllium 4 16 
Titanium, T1-75A) 

Beryllium + Beryllium oodde, cermet 
Aurum (see Gold) (Be + BeO) 5 1243 

1 .Au#tefflttf (Pff irtMi. RMP^nttfil 
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Material Name 

I 

Beryl lluir alumlnate (see Beryllium dlalum- 
inum tetraoxide) 

Beryllium dia'uminum tetraoxide (BeAl204) 

Dlberyllium carbide +LXj (Be2C +i;Xt) 

Beryllium cermet (specific types) 

QMV 

YB 9052 

YB 9054 

Beryllium dlfluoride (BeFj) 

Beryllium oxide (BeO) 

Beryllium oxide + Beryllium, cermet (BeO + 
Be) 

Beryllium oxide + Beryllium + Molybdenum, 
cermet (BeO + Be ■► Mo) 

Beryllium oxide + Molybdenum, cermet 
(BeO + Mo) 

Beryllium oxide + Molybdenum dodeca- 
beryllide, cermet (BeO + MoBe]2) 

Beryllium oxide + Niobium dodecaberyllide, 
cermet (BeO + NbBe,,) 

Beryllium oxide + Tantalum dodecaberyllide. 
cermet (BeO + TaBe^) 

Beryllium oxide + Titanium dodecaberyllide, 
cermet (BeO + TiBe,2) 

Beryllium oxide + Zirconium 13-beryllide, 
cermet (BeO + ZrBet)) 

Dlberyllium silicon tetraoxide (BejSlOi) 

Beryllium sulfate (Be80t) 

Blmethyl (see Ethane) 

Bismuth 

Bismuth + Lead 

Bismuth glance (see Dlbismuth trltelluride) 

Bismuth sesquioxlde (BljOj) 

Dlbismuth trloxide (see Bismuth sebquloxlde) 

Dlbismuth trlsulflde (BljS,) 

Dlbismuth trltelluride (BljTe,; 

Bitter spar (see Calcium magnesium dlcar- 
bonatc) 

Boralloy (see Boron nitride) 

Boron 

Vol. 

5 

5 

5 

5 

5 

5 

r> 

6 

5 

5 

4 

4 

Page 

1325 

399 

1243 

1243 

1243 

921 

4.r) 

1246 

1249 

1252 

1255 

1258 

1261 

1264 

1267 

1329 

1179 

21 

291 

48 

647 

717 

25 
1 

Material Name Vol. 

Boron carbide (see Tetraboron carbide) 

Tetraboron carbide (B4C) 

Boron trlfluorlde (BFj) 

Boron nitride (BN) 

Boron nitride + Dlboron trloxide + DCj. 
cermet (BN + B2OJ + SX^ 

Boron nitride + Carbon, cermet (BN + C) 

Boron sesquioxlde (B2O3) 

Dlboron trloxide (see Boron sesquioxlde) 

Boroslllcate glass (SIO2 + B2O3 +SXJ) 

Brass 

Brimstone (see Sulfur) 

Bromine 

l-Butane (l-C4Hl0) 

n-Butane (n-C4H|0) 

Butter of zinc (see Zinc dlchlorlde) 

Cadmium 

Cadmium + Magnesium (MgCd) 

Cadmium + Magnesium (Mg]Cd) 

Cadmium + Magnesium (MgCdj) 

Cadmium dlbromlde (CdB^) 

Cadmium dlchlorlde (CdClj) 

Cadmium Iodide (see Cadmium dllodlde) 

Cadmium dllodlde (Cdl,) 

Cadmium oxide (CdO) 

Cadmium sulflde (CdS) 

Cadmium tellurlde (CdTe) 

Calcla (see Calcium oxide) 

Calcium 

Calcium alumlnates: 

CaAl204 

CaAlp, 

CayM206 

Ca^l^jj 

Calcium dlalumlnum tetraoxide (CaA^O^ 

5 402 

6 67 

5 1078 

5 1270 

5 1273 

5 51 

5 1230 

4 346 

6 7 

6 129 

6 136 

4 29 

4 294 

4 ?97 

4 300 

5 759 

s 7 01 

5 491 

5  ! 54 

5  j 650 

5  1 720 

32 

1332 

1335 

1338 

1341 

1332 
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Material Name Vol. Page |                         Material Nam« Vol. Page 

Calcium tetraaluminum heptaoxide (CaAl407) 5 1335] 1 Calcium fluoride (see Calcium difluoride) 

Tricalclum dlaluminum hexaoxide (CajA^O,) 5 1338 Calcium difluoride (CaFj) 5 924 

Dodecacalclum 14-alumlnum 33-oxlde Calcium dilron tetraoxlde (CaFejO^ 5 1356 
j      (Ca.jAltPa) 5 1341 

Dlcalclum dilron pentaoxide (Ca2Fe206) 5 1359 
Calcium aluminum silicates: 

Calcium magnesium dlcarbonate 
j            CaAl2Si2Ü8 5 1404 lCaMg(C0,)j) 5 1115 I 

|            CajAl2Si07 5 1401 Calcium magnesium silicates: 

CaAl2Si208- 2H20 5 1407 1           CaMgSljOi S 141? 

1            CajAliSl^-THjO 5 1410 CajMgSijO, 5 14.6 

Calcium dlaluminum dlsillcon octaoxlde Ca,MgSl20, 5 1419 
(CaAl^^O,) 5 1404 

CajMgjSljOjj-HjO 5 1422 
Dlcalclum dlaluminum silicon heptaoxide 

1       (CajAljSiO,) 5 1401 Calcium magnesium dlsillcon hexaoxide 
(CaMgSijO,) 5 1413 

1 Calcium dlaluminum diBllicon octaoxlde 
j      dlhydrate (CaAljSljOj^HjO) 5 1407 Dlcalclum magnesium disilicor heptaoxide 

(Ca,MgSl,07) 5 1416 
Dlcalclum tetraaluminum octasilicon 

|       24-oxide heptahydrate (Ca^A^SijO^- 7H,0) 5 1410 Tricalclum magnesium dlsillcon octaoxlde 
j       (Ca3MgSl20,) 5 1419 

Calcium borates: 
Dlcalclum pentamagnesium octasilicon 23- 

CaBjO« 5 1344 j      oxide monohydrate (Ca,MgiSll023' H20) 5 1422 

CaBfif 5 1347 Calcium molybdate (see Calcium molybde- 
num tetraoxlde) 5 1362 

ca2n2o6 5 1350 
Calcium molybdenum tetraoxlde (CaMrOi) 5 1362 

Ca,B206 5 1353 
Calcium oxide (CaO) 5 57 

Calcium metaborate (see Calcium diboron 
tetraoxlde) Calcium silicates: 

Monocalclum borate (see Calcium diboron CaSlOj 5 1365 
1      tetraoxlde) 

|           CajSiO! 5 1368 
Calcium diboron tetraoxlde (CaBjOi) 5 1344 

Ca^iOj 5 1371 
Calcium tetraboron heptaoxide (CaB407) 5 1347 

Ca^ijO, 5 1374 
Dlcalclum diboron pentaoxide (Ca2B205) 5 1350 

Calcium metasllicate (see Calcium silicon 
Tricalclum diboron hexaoxide (CajBjOg) 5 1353 trioxide) 

Calcium dicarblde (CaCj) 5 405 Calcium orthosilicate (see ricaldum silicon 
tetraoxlde) 

Calcium carbonate (CaCOj) 5 1112 
Calcium silicon trioxide (CaSlOj) 5 1365 

Calcium dichlorlde (CaCl,) 5 794 
Dlcalclum silicon tetraux.de (CajSiC^) 5 1368 

Calcium ferrites: 
Tricalclum silicon pentaoxide (CajSlOj) 5 1371 

CaFe,04 5 1356 
Tricalclum dlflillcon heptaoxide (CajSip,) 5 1374 

Ca2Fe2ü6 5 1359 
Calcium sulfates: 

Calcium metaferrite (see Calcium dilron 
tetraoxlde) CaS04 5 1182 

Calcium orthnferrite (see Dlcalclum dilron CaSOi- 1/2H20                                          j 5 1185 
 nnntaoxidel ,  
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Material Name 

Calcium sulfates - continued 

CaSCV 2H2O 

Calcium sulfate (CaSOj) 

Calcium sulfate hemihydrate (CaSCyi/aHjO) 

Calcium sulfate dihydrate(CaSü4
-2H20) 

Calcium sulfide (CaS) 

Calcium titanates: 

CaTiOj 

CajTijO, 

Calcium titanium trioxide (CaTiOj) 

Tricalcium dititanium heptaoxide (CasTijO,) 

Calcium tungstate (see Calcium tungsten 
tetraoxide) 

Calcium tungsten tetraoxide (CaWO^ 

Calcium uranate (see Calcium uranium 
tetraoxide) 

Calcium uranium tetraoxide (CaU04) 

Calcium vanadates: 

C'^VjO, 

Ca2V207 

CajV20, 

Calcium divanadium hexaoxide (CaV^Oj) 

Dicalcium divanadium heptaoxide (Ca2V207) 

Tricalcium divanadium octaoxide (CBSVJOJ) 

Calcium wolframite (see Calcium tungsten 
tetraoxide) 

Calcium zirconate (see Calcium zirconium 
trioxide) 

Calcium zirconium trioxide (CaZrOj) 

Carbon, diamond 

Carbon, graphite 

Carbon + Silicon carbide, cermet (C + SiC) 

Carbon tetrachloride (CC14) 

Carbon oxides: 

CO 

co2 

Carbon monoxide (CO) 

Vol. Page 

5 

5 

6 

5 

5 

B 

5 

5 

5 

1188 

1182 

1185 

1188 

653 

1377 

1380 

1377 

1380 

13t'i 

1386 

1389 

1J92 

1395 

1389 

1392 

1395 

5 1398 

5 ■1 

5 9 

5 1276 

6 159 

6 152 

6 143 

6 152 

Material Name Vol. 

Carbon dioxide (C02) 

Carbon steel (Group 1) 

Carbon steel (Group II) 

Carbon steel (Group II), eutectoid 

Carbon steel (Group II), hyper eutectoid 

Carbon steel (Group II), U-8 

Cassiopeium (see Lutetium) 

Celtium(see Hafnium) 

Cerium 

Cerium   trifluoride (CeF^) 

Cerium oxides: 

CeO 

Ce203 

Cerium dioxide (Ce02) 

Cerium sesquioxide (Cej03) 

Dicerium trioxide (see Crrium sesquioxide) 

Cerium sulfides: 

CeS 

Ce2S3 

Cerium sulfide (CeS) 

Dicerium trlsulfide (Ce^,) 

Cermets: 

Be + BeO 

BeO + Be 

BeO + Be + Mo 

BeO + Mo 

BeO + MoBe,2 

BeO + NbBe12 

BeO + TaBe, 12 

BeO + TlBe12 

BeO + ZrBeu 

BN + BJO, +rxi 

BN + C 

C +SiC 

SiC + C + SXi 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

B 

B 

5 

5 

Page 

143 

619 

623 

623 

623 

623 

36 

927 

60 

64 

60 

64 

656 

659 

656 

659 

1243 

1246 

1249 

1252 

1255 

1258 

1261 

1264 

1267 

1270 

1273 

1276 

1279 

■ >. ■ n\ 
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Material Name Vol. Page Material Name Vol. Page 

Cermets - continued 

WC +CO 

Zr02 + Ti 

Cesium 

Cesium aluminum disulfate dodecahydrate 
ICsAKSO^j-iaHjO) 

Cesium chloride (CsCl) 

Cusium monohydrogen difluoride (CsHF2) 

Cesium iodide (Csl) 

Chlorine 

Chlorodifluoromethane (see Freon 22) 

Chlorotrifluoromethane (see Freon 13) 

Chloroform (CHClj) 

Chloromethane (see Methyl chloride) 

Chromel A (see Nichrome V) 

Chromel P 

Chromium 

Chromium + Aluminum 

Chromium + Aluminum +Z\. 

Chromium + Iron 

Chromium + Iron + SX, 

Chromium + Manganese 

Chromium alloys (specific types) 

AluminothertrJc chromium 

Perrochromium 

Chromium bor ides: 

CrB 

CrB2 

Chromium monoborlde (CrB) 

Chromium diboride (CrB2) 

Chromium carbides: 

CrjC2 

Cr^C 

CrjCj 

CrTC, 

5 1282 

5 1285 

4 40 

5 1191 

5 797 

5 931 

5 494 

6 11 

4 

4 

4 

4 

4 

4 

4 

1 

4 

5 

5 

5 

5 

5 

5 

5 

5 

166 

392 

44 

304 

bl7 

307 

520 

311 

520 

520 

335 

338 

335 

338 

408 

414 

411 

417 

Trichromium dicarbide (CrjCj) 

Tetrachromium carbide (Cr4C) 

Pentachromium dicarbide (Cr5C2) 

Heptachromium tricarbide (CrrC]) 

Chromium chlorides: 

CrCl2 

CrClj 

Chromium dichloride (CrCl,) 

Chromium trichloride (CrClj) 

Chromium sesquioxide (Crfi^) 

Dichromium trioxide (see Chromium sesqui 
oxide) 

Chromium suicides: 

CrSi 

CrSij 

Cr^i 

CrsSij 

Chromium silicide (CrSi) 

Chromium disllicide (CrSi2) 

Trichromium silicide (tJrjSi) 

Pentachromium trisilicide (CrsSi,) 

Cobalt 

Cobalt + Chromium +Z\i 

Cobalt + Dysprosium (DyCo,) 

Cobalt + Iron 

Cobalt 4 Nickel 

Cobalt alloy, HE 1049 

Cobalt chlorides: 

CoCl2 

CoCl2'6H20 

Cobalt dichloride (CoCl2) 

Cobalt dichloride hexahydrate (CoCl2-6H20) 

Cobalt ferrites: 

CoFe^i 

CoxTeJOi (nonstoichiometric) 

5 408 

5 414 

5 411 

5 417 

5 800 

5 803 

5 800 

5 803 

5 67 

5 

5 

5 

5 

5 

5 

5 

5 

4 

4 

4 

4 

4 

I 

5 

5 

B 

5 

565 

568 

559 

562 

565 

568 

559 

562 

48 

523, 
516 
314 

317 

320 

526 

806 

809 

806 

809 

1425 

1428 

,..l '■ ^vv,u^ 
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Material Name 

i 

Cobalt dliron tetraaxide (COFCJOI) 

Cobalt iron tetraoxide, nonstolchlometric 
(CoxFeyO«) 

Cobalt dlfluoride (CoF,) 

Cobalt oxides: 

CoO 

CojO« 

Cobalt monoxide (CoO) 

Tricobalt tetraoxide (CojC^) 

Cobalto-cobaltic oxide (see Tricobalt tetra- 
oxide) 

Cobaltosic oxide (see Tricobalt tetraaxide) 

Cobaltouscobaltic oxide (see Tricobalt tetra- 
oxide) 

Cobalt sUicide (Co6i) 

Cobalt sulfate heptahydrate (Ca604- 711,0) 

Cobalt tungstate (see Cobalt tungsten tetra- 
axide) 

Cobalt tungsten tetraoxide (CoW04) 

Columbium (see Niobium) 

Constantan 

Copper 

Copper, electrolytic 

Copper, electrolytic tough pitch (Fed. Spec. 
QQC-502) 

Copper, electrolytic tough pitch (Fed. Spec. 
QQC-576) 

Copper, OFHC 

Copper + Aluminum 

■Off» i W—i— i Ph 

Copper + Gallium 

Copper + Iron 

Copper ♦ Magnesium 

Copper + Magnesium + Aluminum 
(MgCu,_xAlx) 

Copper + Magnesium + Silicon (MgCu2_xSix) 

Copper + Manganese 

Copper + Nickel 

Copper ♦ Zinc  

Vol. 

5 1428 

5 934 

5 70 

5 73 

5 70 

5 73 

■i 

4 

4 

-4- 

4 

4 

4 

4 

4 

4 

4 

4 

Page 

1425 

571 

1194 

1431 

341 

51 

51 

51 

51 

51 

323 

327 

331 

335 

529 

532 

338 

341 

346 | 

Material Name Vol. 

Copper alloys (specific types) 

Manganin 

Mcnel 

Copper bromide (CuBr) 

Copper chlorides: 

CuCl2 

CuCl2-2H20 

Copper dichloride (CuClj) 

Copper dichloride dihydrale (CuClj^HjO) 

Copper f er rites: 

CuFe204 

CuxFev04 (nonstoichiometric) 

Copper dliron tetraoxide (CuFe204) 

Copper iron tetraoxide, nonstoichiometric 
(CUxFeyCty 

Copper hemioxide (see Copperous oxide) 

Dicopper monoxide (see Copperous oxide) 

Copper oxides: 

CuO 

Cu20 

Copperas (see Iron sulfate heptahydrate) 

Copperic oxide (CuO) 

Copperous oxide (CUjO) 

Copper protooxide (see Copperous oxide) 

Copper suboxide (see Copperous oxide) 

Copper sulfides: 

CuS 

Cu^ 

Copper sulflde (CuS) 

Dicopper sulflde (CugS) 

Cordierite (see Dimagnesium tetraalumlnum 
pentasilicon 18-oxide) 

Coming 1723 glass 

Corundum (see Aluminum oxide) 

Crucible4«*«.   HNM 

Cuprum (see Copper) 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Page 

338 

562 

762 

812 

815 

812 

815 

1437 

1434 

1437 

1434 

80 

76 

80 

76 

662 

665 

662 

665 

1227 

714 

'•■'''Vv^ 
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Material Name Vol. Page 1                         Material Name Vol. Page 

n-Decane (Cjofyj) 6 170 1 Ethylene alcohol (see Ethylene glycol) 

Deuterium 6 15 Ethylene glycol (CH,OHCH,OH) 6 192 

Diamond (see Carbon, diamond) Ethyne (see Acetylene) 

Dichlorodifluoromethane (see Freon 12) 1  Europium 4 68 

Dichlorofluoromethane (see Freon 21) Europium oxide (EujOj) 5 89 

1,2 -Dlchloro -1,1,2,2 -t et rafluoroethane 
j      (see Freon 114) 

Dieuropium trisulfate octahydrate (Eu^SO^f 
SHjO) 5 1197 

Dimethyl (see Ethane) Ferric oxide (see Iron (ic) oxide] 

Dimethyl keytone (see Acetone) Ferroniobium 4 574 

Dimethyl methane (see Propane) Ferrous chloride (see Iron dichloride) 

Dysprosia (see Dysprosium oxide) Ferrous ferric oxide (see Triiron tetraoxide) 

Dysprosium 4 62 Ferrous fluoride (see Iron difluoride) 

Dysprosium trichloride hexahydrate 
(DyClj-6H20) 

Dysprosium oxide (Pyfi^) 

Dysprosium sesquioxide (see Dysprosium 
i      oxide) 

5 

5 

818 

83 

Ferrous oxide I see Iron (ous) oxide) 

Ferrum (see Iron) 

Flowers of tin (see Tin dioxide) 

Fluorine 6 19 

Didysprosium trioxide (see Dysprosium 
oxide) 

Erbia (see Erbium oxide) 

Erbium 

Erbium trichloride hexahydrate (ErC^-eHjO 

Erbium gallate (see Trierbium pentagallium 
1      dodecaoxide) 

4 

5 

65 

822 

Freon 10 (see Carbon tetrachloride) 

Freon 11 (CljCF) 

Freon 12 (C12CF,) 

Freon 13 (CICFj) 

Freon 20 (see Chloroform) 

Freon 21 (C12CHF) 

6 

6 

6 

6 

200 

204 

210 

212 

Trierbium pentagallium dodecaoxide 
lErjCagOt] (Garnet)) 

Erbium oxide (E^Oj) 

Erbium sesquioxide (see Erbium oxide) 

Dierbium trioxide (see Erbium oxide) 

Ethane (C2H6) 

1,2-Ethanedlol (see Ethylene glycol) 

5 

5 

6 

1440 

86 

174 

Freon 22 (C1CHF2) 

Freon 113 (CCIjFCClFj) 

Freon 114 (CClFjCClFj) 

Gadolinia (see Gadolinium oxide) 

Gadolinium 

Gadolinium trichloride hexahydrate 
(GdClj-OHjO) 

6 

6 

6 

4 

5 

218 

224 

228 

72 

826 

Ethene (see Ethylene) 

Ethine (see Acetylene) 

Ethoxyethane (see Ethyl ether) 

Ethyl Alcohol (CjHjOH) 6 180 

Gadolinium trinitrate hexahydrate 
(Gd(NOj),-6H20) 

Gadolinium oxide (GdjOj) 

Gadolinium sesquioxide (see Gadolinium       | 
oxide) 

5 

5 

1142 

92 

Ethyl ether I (CjH^OJ 6 194 Digadolinium trioxide (see Gadolinium oxidej 

Ethyl oxide (see Ethyl ether) Gallium 4 75 

Ethylene (CHjCHj) 6 185 Gallium antimonide (GaSb)                               j 5 300 

.••n'WJ 
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Material Name 

Gallium arsenide (GaAs) 

Gallium uxide (Ga^) 

Gallium sesquioxide (see Gallium oxide) 

Digallium trioxide (see Gallium oxide) 

Gallium phosphide (GaP) 

Gallium telluride (see Digallium tritelluride) 

Digallium tritelluride (Ga^Tej) 

Genetron 11 (see Freon 11) 

Genetron 12 (see Freon 12) 

Genetron 13 (sje Freon 13) 

Genetron 22 (see Freon 22) 

Genetron 113 (see Freon 113) 

Genetron 114 (see Freon 114) 

Germanium 

Germanium tetrahydride (GeH4) 

Germanium oxide (see Germanium dioxide) 

Germanium dioxide (Ge02) 

Germanium siliclde, nonstoichiometric 
(GexSiy) 

Glass ceramics (see pyroceram) 

Glasses (see individual glass) 

Gluclnum (see Beryllium) 

Gluclnum sulfate (see Beryllium sulfate) 

Glycerin (see Glycerol) 

Glycerol (CHjOHCHOHCHjOH) 

Glycol (see Ethylene glycol) 

Glycyl alcohol (sec Glycerol) 

Gold 

Gold + Nickel 

Graphites (specific types) 

Grade 3474 D 

Grade 7087 

Grade ATJ 

Grade OS 

Grade GBH 

Acheson 

Vol. Page 

307 

95 

520 

723 

79 

1033 

98 

574 

230 

4 83 

4 353 

5 9 

5 9 

5 9 

5 9 

5 9 

8 B 

Material Name 

Graphites (specific types) continued 

Canadian natural CNG 

Canadian natural boronated CNG-B 

Ceylon natural graphite 

Graphltized lampblack SA-2S 

Natural Madagascan 

Pile H-CS 11 

Pyro 

Hafnia (see Hafnium dioxide) 

Hafnium 

Hafnium + Zirconium 

Hafnium beryllide (see Dihafnium 21- 
berylllde) 

Dlhafnlum 21-beryllide (Hf2Be21) 

Hafnium diborlde (HfBj) 

Hafnium carbide (HfC) 

Hafnium tetrafluorlde (HfFi) 

Hafnium nitride (HfN) 

Hafnium dioxide (Hf02) 

Hastelloy B 

Hastelloy C 

Hastelloy R-235 

Haynes steinte, HE 1049 

Heavy hydrogen (see Deuterium) 

Helium 

n-Heptane (C7H16) 

n-Hexane (CgHu) 

High silica glass (SiO, ^SXj) 

Holmla (see Holmium oxide) 

Holmium 

Holmium trichloride hexahydrate (HoClj- 
6HjO) 

Holmium oxide (HojOj) 

Holmium sesquloxide (see Holmium oxide) 

Diholmium trioxide (see Holmium oxide) 

Hydrargyrum (see Mercury) 

Vol. 

9 

9 

9 

9 

9 

9 

87 

356 

5 313 

5 341 

5 420 

5 937 

5 1091 

5 101 

4 571 

4 556 

4 553 

4 526 

23 

232 

238 

1234 

90 

829 

104 

A9 
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Material Name Vol. Page Matorial Name Vol. Page 

Hydrogen 6 26 Iron + Chromium, Group 1 (25 « Cr < 50) 4 635 

Hydrogen chloride (HC1) 6 72 Iron + Chromium + Manganese, Group I 4 638 

Hydrogen Iodide (HD 6 76 Iron + Chromium + Manganese +SXj, Group 

Hydrogen sulflde (HjjS) 6 78 
II  (Cr<r 5.0) 4 687 

Inco 713 C 4 550 
Iron + Chromium + Manganese +ZX,, Group 

n(14«Cr«27) 4 690 

Incoloy 4 726 Iron + Chromium + Nickel +EXJ, Group II 

Incoloy 901 4 565 
(15-16 Cr, 4-5 Ni) 4 717 

Incoloy alloy 800 (see Incoloy) 
Iron + Chromium + Nickel +EXj, Group II 

(17-20 Cr, 8-14 Ni) 4 699 

Incoloy alloy 901 (see Incoloy 901) Iron + Chromium +EXj, Group 0 4 678 

Inconel 702 alloy 4 553 Iron + Cobalt +EXJ, Group 1 4 641 

Inconel alloy 4 553 Iron + Cobalt +EXJ (Group I), eutectoid 4 641 

Inconel alloy 600 (see Inconel alloy) Iron + Copper +EXJ, Group I 4 644 

Inconel alloy 702 (see Inconel 702 alloy) Iron + Manganese + Carbon, Group I 4 655 

Inconel alloy X-750 (see Inconel X alloy) Iron + Manganese + Carbon (Group I), 

Inconel X alloy 4 553 
eutectoid 4 655 

Indium 4 95 
Iron + Manganese + SXj, Group I 4 647 

Indium + Tin 4 359 
Iron + Manganese + EX., Group I 

(10 < Mn «: 50)           ' 4 650 

Indium antimonide (InSb) 5 303 Iron + Manganese +EXJ, Group II 4 723 

Indium arsenide (InAs) 5 310 Iron + Nickel, Group II 4 726 

Indium phosphide (InP) 5 523 Iron + Nickel + Carbon, Group I 4 665 

Dilndium sulflde, nonstoichlometric (In|Sx) 5 668 Iron + Nickel + Chromium +EXi, Group II 4 729 

Inquartation silver 4 208 Iron + Nickel +SXJ, Group I 4 660 

Invar 4 660 Iron + Silicon +EXJ, Group 1 4 668 

Iodide titanium 4 257 Iron + Silicon +SXj, Group n 4 732 

Iodide zirconium 4 268 Iron + Tin, Group I 4 672 

Iodine 5 15 Iron + Titanium, Group I (TiFej) 4 675 

Iridium 4 99 Iron + Titanium +EX|, Group II 4 735 

Iron 4 102 Iron + Tungsten + EX^, Group 11 4 738 

Iron, Armco 4 i02 Iron aluminate (see Iron dialuminum tetra- 

Iron, electrolytic 4 102 
oxide) 

Iron + Aluminum, Group I 4 626 
Iron dialuminum tetraoxide (FeAljO^) 5 1443 

Iron + Antimony, Group I 4 629 
Iron carbide (see Triiron carbide) 

Iron + Carbon +EXj, Group I 4 619 
Trilron carbide (FejC) 5 424 

Iron + Carbon +EXj, Group n 4 623 
Iron dlchloride (FeCl2) 5 832 

Iron + Chromium, Group I (8 « Cr < 25) 4 632 
Ironous chloride (see Iron dichlorlde) 

—m—mam r'J'^WMM" 
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Material Name Vol. Page Material Name Vol. Page 

Iron chromlte (see Iron dichromium tetra- 
oxlde) 

Iron dichromium tetraoxide (FeCvfiJ 

Iron cobaltite (see Iron dicobalt tetraoxide) 

Iron dicobalt tetraoxide (FeCoj04) 

Iron diQuoride (FeF2) 

Iron oxides: 

FeO 

Fe2Oj 

Fej04 

Dliron trioxide [see Iron{ic) oxide] 

Trliron tetraoxide (FejOi) 

Iron selenides: 

FeS, 

Fe^4 

FeTSe, 

Fe^e (nonstolchiometric) 

Iron dlselenlde (FeSe2) 

Trliron tetraselenide (FejSe4) 

Heptairon octaselenide (Fe7Sej) 

Iron selenide, nonstolchiometric (Fe^e) 

Iron sillcldes: 

Fe6i 

Fe^i 

Fe^ij 

Iron siUcide (FeSi) 

Trliron silicide (FejSi) 

Pentalron trlsllicide (Fe^lj) 

Iro.. orthosillcate (see Dliron silicon tetra- 
oxide) 

Dllron silicon tetraoxide (FCjSiCV 

Iron sulfate heptahydrate (FeSO«- 7HjO) 

Iron sulfides: 

FeB 

Fe6, 

Fe^S (nonstolchiometric) 

1446 

1449 

940 

107 

110 

114 

114 

5 527 

S 536 

S 533 

5 530 

5 527 

5 536 

5 533 

5 530 

5 577 

5 583 

S 580 

5 577 

5 583 

5 580 

5 1452 

5 1200 

5 674 

5 677 

5 671 

Iron sulfide (Fe6) 

Iron disulfide (FeS2) 

Iron sulfide, nonstolchiometric (Fe^S) 

Iron tellurides: 

FeTe! 

FexTe (ncnstoichiometric) 

Iron ditelluride (FeTe,) 

Iron telluride, nonstolchiometric (FexTe) 

Iron titanate (see Iron titanium trioxide) 

Iron titanium trioxide (FeTiOj) 

Iron vitriol (see Iron sulfate heptahydrate) 

Iron(lc) oxide (FejOj) 

Iron(ous) oxide (FeO) 

Isotron 11 (see Freon 11) 

Isotron 12 (see Freon 12) 

Isotron 13 (see Freon 13) 

Isotron 22 (see Freon 22) 

Isotron 113 (see Freon 113) 

Isotron 114 (see Freon 114) 

J odium (see Iodine) 

Kalium (see Potassium) 

Krypton 

Lanthana (see Lanthanum oxide) 

Lanthanum 

Lanthanum oxide (La2Oj) 

Lanthanum sesquioxide (see Lanthanum 
oxide) 

Dilantanum trioxide (see Lanthanum oxide) 

Laughing gas (see Nitrous oxide) 

Lead 

Lead + Tin 

Lead - tin solder (Sn + Pb) 

Lead glance (see Lead sulfide) 

Lead dllodide (Pbl,) 

Lead molybdate (see Lead molybdenum 
tetraoxide) 

5 

5 

5 

5 

5 

5 

5 

674 

677 

671 

729 

726 

729 

726 

1455 

110 

107 

34 

110 

118 

113 

363 

446 

497 

I HI  
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Material Name 

I 

Lead molybdenum tetraoxide (PbMoO^ 

Lead oxides: 

PbO 

Pb02 

PbjOj 

PbJ04 

Lead oxide (PbO) 

Lead dioxide (PbC^) 

Lead monoxide (see Lead oxide) 

Lead peroxide (see Lead dioxide) 

Lead protoxide (see Lead oxide) 

Lead sesquioxide (PbjO^) 

Lead Superoxide (see Lead dioxide) 

nilead trioxlde (see Lead sesquioxide) 

Trilead tetraoxide (PbjOi) 

Lead sulfide (PbS) 

Lead tungstate (see Lead tungsten tetra- 
oxide) 

Lead tungsten tetraoxide (PbWCty 

Lead wolframate (see Lead tungsten tetra- 
oxide) 

Llbbey-Owens-Ford plate glass No. 9330 

Llthia (see Lithium oxide) 

Lithium 

Lithium ♦ Magnesium 

Lithium alumlnate (see Lithium aluminum 
dioxide) 

Lithium metaalumlnate (see Lithium 
aluminum dioxide) 

Trilithlum aluminum hexafluoride (LljAlF,) 

Lithium aluminum dioxide (LiA102) 

Dllithium beryllium tetrafluoride (LijBeK^ 

Dilithium carbonate (0200]) 

Lithium chloride (LiCl) 

Lithium f er rites: 

LIFeO, 

LigFe O4 (nonstoichiometric) 

Vol.    Page 

5 122 

5 125 

5 128 

5 131 

S 122 

5 125 

1458 

128 

131 

681 

14Ü1 

1240 

117 

4        366 

5 947 

5 1464 

5 950 

5 1118 

5 835 

5 1467 

5 1470 

Material Name Vol. Page 

Lithium fluoride (UF) 

Lithium hexafluoroaluminate (see Trilithlum 
aluminum hexafluoride) 

Lithium hydride (L1H) 

Lithium monohydrogen dlfluoride (LiHFj) 

Lithium Iron dioxide (LiFeO,) 

Lithium iron tetraoxide, nonstoichiometric 
(LlxFey04) 

Lithium oxide (UjO) 

Dilithium oxide (see Lithium oxide) 

Lithium titanate (see Dilithium titanium 
trioxlde) 

Lithium metatitanate (see Dilithium titanium 
trlrxide) 

Dilithium titanium trioxide (Li2T10,) 

Lithium zinc ferrite [see Lithium zinc iron 
tetraoxide (nonstoichiometric)] 

Lithium zinc iron tetraoxide, nonstoichio- 
metric (LixZnvFez04) 

Lutetia (see Lutetium sesquioxide) 

Lutetium 

Lutetium sesquioxide (LUjOj) 

Dilutetium trioxide (see Lutetium sesqui- 
oxide) 

Magnesia (see Magnesium oxide) 

Magnesium 

Magnesium + Aluminum +LXi 

Magnesium + Silicon 

Magnesium + Thorium +SXi 

Magnesium + Zinc +1X4 

Magnesium alloys (specific types) 

AN-M-29 

AZ-31B 

AZ-80 

HK-31A 

HM-21XA 

HM-31XA 

ZK-60A 

943 

1036 

953 

1467 

1470 

134 

1473 

1476 

121 

137 

124 

535 

369 

538 

541 

535 

535 

535 

538 

538 

538 

541 
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Material Name 

Magnesium aluminate (see Magnesium dl- 
alumlmun tetraoxlde) 

Magnesium metaaluminate (see Magnesium 
dlalumlnum tetraoxlde) 

Magnesium dlalumlnum tetraoxlde (MgA^Oi) 

Magnesium aluminum silicate (see Dlmagne- 
slum tetraalumlnum pentat<llicon 18-oxlde 

Dimagnesium tetraalumlnum pentasilicon 
18-CÄide (Mg2Al<Si,0„) 

Magnesium bor ides: 

MgB2 

MgB4 

Magnesium diboride (MgB2) 

Magnesium tetraborlde (MgB4) 

Magnesium cadmium alloys: 

MgCd 

MgCdj 

MgjCd 

Magnesium chlorides: 

MgCl2 

MgCl2-H,0 

Mj?Cl2-2H,0 

MgCl2-4H20 

MgClj-BHjO 

Magnesium dlchloride (MgCl2) 

Magnesium cüchloride monohydrate 
(MgCl2-H20) 

Magnesium dlchloride dlhydrate (MgCl2- 
2HjO) 

Magnesium dlchloride tetrahydrate (MgCl2* 
4HjO) 

Magnesium dlchloride hexahydrate (MgCl2' 
6H20) 

Magnesium chromite (see Magnesium dl- 
chromium tetraoxlde) 

Magnesium dichromium tetraoxlde (MgCrjO^ 

Magnesium ferrites: 

MgFej04 

MgxFeJX)4 

Magnesium difluoride (MgF^)  

Vol. Page 

1479 

1503 

345 

348 

345 

348 

294 

300 

297 

838 

841 

844 

847 

850 

838 

841 

844 

847 

850 

1482 

1485 

1488 

J^6_ 

Material Name Vol. 

Magnesium germanlde (see Dimagneslum 
germanlde) 

Dimagneslum germanlde (Mg2Ge) 

Magnesium dllron tetraoxlde (MgFe^) 

Magnesium iron tetraoxlde, nonstolchlo- 
metric (MgxFey04) 

Magnesium molybdate (see Magnesium mo- 
1 yl )denujii tetraoxlde) 

Magnesium molybdenum tetraoxlde (MgMoCV 

Magnesium nitride (see Trimagneslum di- 
nltrlde) 

Trimagneslum dinitride (Mg]N2) 

Magnesium oxide (MgO) 

Magnesium silicates: 

MgSlOj 

MgfiiOt 

Mgßlfiu-H20 

Magnesium silicon trloxlde (MgSlO]) 

Dimagneslum silicon tetraoxlde (MgjSiO^ 

Trimagneslum tetrasillcon undecaoxide 
monohydrate (MgjS^Ou'^O) 

Magnesium titanates: 

MgTIOj 

MgTi20, 

MgjTi04 

Magnesium dltltanate (see Magnesium 
dltltanlum pentaoxlde) 

Magnesium metatitanate (see Magnesium 
'itanium trloxlde) 

Dimagneslum titanate (see Dimagneslum 
titanium tetraoxlde) 

Magnesium titanium trloxlde (MgTiOj) 

Magnesium dltltanlum pentaoxlde (MgTijOf) 

Dimagneslum titanium tetraoxlde (Mg2Ti04) 

Magnesium tungstate (see Magnesium 
tungsten tetraoxlde) 

Magnesium tungsten tetraoxlde (MgW04) 

Magnesium vanadates: 

MgVjO, 

Page 

481 

1485 

1488 

1491 

1084 

140 

1494 

1497 

1500 

1497 

1497 

1500 

1S06 

1509 

1512 

1506 

1509 

1512 

1515 

1518 

1621 

• i - vvv,^ .«U%^-M*'ld 
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Material Name Vol. Page Material Name Vol. Page 

Magnesium metavanadate (see Magnesium Manganese sesquioxide (Mnp,) 5 151 
divanadium hexaoxide) 

Dimanganese trioxide (see Manganese sesqui- 
Magnesium pyrovanadate (see Magnesium oxide) 

divanadium hexaoxide) 
Trimanganese tetraoxide (Mn,04) 5 154 

Magnesium divanadium hexaoxide (MgV206) 5 1518 
Manganese (ic) oxide (see Manganese sesqui- 

Dlmagnesium divanadium heptaoxide oxide) 
(Mg2V,0T) 5 1521 

Manganese ,ous) chloride (see Manganese 
Magnesium wolframate (see Magnesium dlchlorlde) 

tunsten tetraoxide) 
Manganese (ous) fluoride (see Manganese 

Manganese 127 dtfluoride) 

Manganese, electrolytic 127 Manganese (ous) oxide (see Manganese 
monoxide) 

Manganese + Aluminum 372 
Manganese (ous) sulfide (see Manganese 

Manganese + Copper 377 sulfide) 

Manganese + Nickel 380 Manganese selenide (see Manganous selenide) 

Manganese aluminum carbide (see Trimanga- Manganese silicate (see Manganese silicon 
;     nese aluminum carbide) trioxide) 

Trimanganese aluminum carbide (MnjAlC) 5 427 Manganese silicides: 

Manganese carbide (see Trimanganese Mn,Sl 5 586 
carbide) 

MnSix (nonstoichiometric) 5 589 
Trimanganese carbide (MnjC) S 433 

Trimanganese slllcide (MnjSl) 5 586 
Manganese carbonate (MnCOj) 5 1121 

Manganese silicide, nonstoichiometric 
Manganese chlorides: (MnSix) 5 589 

MnCl, 5 853 Manganese silicon trioxide (MnSiOj) 5 1524 

MnCljMHjO 5 856 Manganese sulfide (MnS) 5 684 

Manganese dlchlorlde (MnCl2) 5 853 Manganese monosulfide (see Manganese 
sulfide) 

Manganese dlchlorlde tetrahydrate (see 
Manganous dlchlorlde tetrahydrate) Manganese tnlluride (see Manganous tellur- 

ide) 
Manganese difluoride (MnFj) 5 959 

Manganese zinc carbide (see Trimauganese 
Manganese oxides i zinc carbide) 

MnO 5 145 Trimanganese zinc carbide (MnjZnC) 5 430 

MnO, 5 148 Manganin 4 338 

MnjO, 5 151 Manganomanganlc oxide (see Trimanganese 
tetraoxide) 

Unfit 5 154 
Manganous dlchlorlde tetrahydrate fMnCl2- 

Manganese binoxlde (see Manganese dioxide) 4H,0) 5 856 

Manganese dioxide (MnO]) 5 148 Manganous selenide (MnSe) 5 539 

Manganese monoxide (MnO) 5 145 Manganous telluride (MnTe) 5 732 

Manganese peroxide (see Manganese dioxide) Marsh gas (see Methane) 

Manganese protoxide (see Manganese mon- Mercuric oxide I see Mercury (ic) oxide] 
oxide) 

' nm 
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Material Name 

Mercuric selenide (see Mercury selenide) 

Mercury 

Mercury selenide (HgSe) 

Di mercury sulfate (HgjSCV 

Mercury sulfide (HgS) 

Mercury (Ic) oxide (HgO) 

Methane (CH,) 

Methanul (see Methyl alcohol) 

Methyl alcohol (CHjOH) 

Methyl chloride (CHjCl) 

Methylbenzene (see Toluene) 

Methyl methane (see Ethane) 

Molj^denum 

Moljlxienum + Titanium 

Molybdenum + Titanium +SX, 

Molybdenum + Tungsten 

Molybdenum beryllide (see Molybdenum 
dodecaberyllide) 

Molybdenum dodecaberyllide (MoBe^) 

Molj-bdenum borides: 

MoB 

MoB2 

Mo2B 

Molybdenum boride (MoB) 

Molybdenum diboride (M0B2) 

Dimolyb'Jenum boride (MojB) 

Molybdenum carbide ^de Dimolybdenum 
carbide) 

Dimolybdenum carbide (Mo2o 

Molybdenum hexafluoride (MoF() 

Molybdenum oxides: 

MoO, 

MoO, 

Molybdenum dioxide (MoO]) 

Molybdenum trioxide (MoOj) 

Vol.    Page 

i 

4 

5 

131 

542 

5 1203 

5 687 

5 157 

6 244 

6 252 

6 257 

4 135 

4 383 

4 544 

4 386 

:tlG 

368 

352 

355 

3S8 

363 

355 

5 436 

5 962 

5 160 

5 163 

5 160 

6 163 

Material Name 

Molybdenum silicides: 

MoSi: 

Mo^i 

Molybdenum disilicide (MoSij) 

Trimolybdenum silicide (Mo^Si) 

Molybdenum sulfide (see Molybdenum di- 
sulfide) 

Molybdenum disulfide (McS,) 

Mond nickel 

Monel alloy 

Monel alloy 4U0 (see Monel alloy) 

Monel alloy K-500 (see Monel K alloy) 

Monel K alloy 

MSM-70 (see Titanium, Ti-75A) 

MSM-2. 5 A1-16V (see Titanium alloy 
Ti-2. 5A1-16V) 

MSM-6A1-4V (see Titanium alloy Ti-6A1-4V) 

MSM-8Mn (see Titanium alloy C-110 M) 

MST-2. 5 A1-16V (see Titanium alloy 
Ti-2.5Al-16V) 

MST-6A1-4V (see Titanium alloy Ti-6A1-4V) 

MST-8Mn (see Titanium alloy C-110M) 

Natrium (see Sodium) 

Neodymia (see Neodymium oxide) 

Neodymium 

Neodymium trichloride hexahydrate 
(NdClj-6H20) 

Neodymium gallate (see Trineodymium 
pentagallium dodecaoxide) 

Trineodymium pentagallium dodecaoxide 
INdjCajOijIGamet)) 

Neodymium oxidt ,  d2Ü3) 

Neodymium sesquioxide (see Neodymium 
oxide) 

Neon 

Neptunium 

Neptunium + Calcium + SX, 

Neptunium dioxide (NpOj) 

Vol. 

A1S 

5 592 

5 595 

5 592 

5 595 

Page 

690 

146 

562 

562 

4 140 

5 859 

rj 152" 

5 166 

!  6 37 

i  4 143 

1  4 547 

1  5 169 

~* ' ■ ■ ^WFJJB 
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Material Name Val. Page Material Name Vol. Page 

Nichrome V 

Nickel 

Nickel, electrolytic 

Nickel, mond 

Nickel + Aluminum 

Nickel + Chromium 

Nickel + Chromium +'ZXi (9 <Cr $ 11) 

Nickel * Chromium +SX. (15 « Cr ^ 16) 

Nickel + Chromium +SXj (1H ^Cr ■? 20) 

Nickel ■>■ Chromium + EXj (Cr •> 20) 

Nickel + Copper 

Nickel + Copper +Z,Xi 

Nickel + Iron 

Nickel + Iron fSX) 

Nickel + Magnesium (MgNi2) 

Nickel + Manganese 

Nickel * Manganese +!;Xj 

Nickel + Molybdenum + SXj 

Nickel + Silicon 

Nickel < Tungsten (Ni4W) 

Nickel 4 Zinc 

Nickel alloys (specific types); 

60Ni 15Cr (ASTM B83-46) 

80 Ni 20Cr 

90 Ni  lOCr 

Alumel 

Chromel A (see Nickel alloy Nichrome 
V) 

Chromel-P 

EI-435 

GE J 1500 (same as M252) 

GKJ 1610 (same as Rene 41) 

M2S2 

Monel 

Nichrome V 

OKh 21 N78 T 

556 

146 

146 

146 

;!89 

392 

550 

553 

556 

559 

398 

562 

403 

565 

407 

410 

568 

571 

413 

416 

419 

565 

556 

550 

568 

392 

559 

4 556 

4 562 

4 556 

4 559 

Nickel alloys (specific types)   continued 

OKh 20 N60 B 

Rene 41 

Nickel chlorides: 

NiCl2 

NICV 6H20 

Nickel dichloride (NiCl2) 

Nickel dichloride hexahydrate (NiCl2-6H20) 

Nickel ferrltes: 

NiFe,04 

N'ixFex04 (nonstoichiometric) 

Nickel difluoride (NiF,) 

Nickel fluosilicato hexahvdrate (A) (NiSiFj- 
6H20) 

Nickel fluosilicato he.vthvdrale (B) (NiSiFe
- 

(ill,0) 

Nickel diiron tetraoxidc (NiFejO^) 

Nickel iron letiaoxidc, nonstoichiometric 
(NixFcxÜ4) 

Nickel oxide (NIO) 

Nickel monoxide (see Nickel oxide) 

Nickel protoxide (see Nickel oxide) 

Nickel seltnides: 

NiSe2 

NixSe (nonstoichiometric) 

Nickel diselenide (NiSe2) 

Nickel selenide, nonstoichiometric (NixSc) 

Nickel sulfate hexahydrate (NIS04
<6H20) 

Nickel sulfides: 

NiS 

Nl|Sj 

Nickel sulfide (NiS) 

Trinickel disulfide (Ni^2) 

Nickel tellurides: 

NiTe, 

NlTex (nonstoichiometric) 

Nickel ditelluride (NiTei)  

5E9 

556 

863 

866 

863 

866 

1530 

1533 

973 

966 

970 

1530 

1533 

172 

549 

545 

549 

545 

1^06 

693 

696 

693 

696 

738 

735 

738 

1 '  '■'■'v^ 
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Material Name 

i 

Nickel tellurlde, nonstolchlometrlc (N<.Tex) 

Nickel zinc ferrite 1 see Nickel zinc diiron 
tetraoxide (nonstoichiometric)J 

Nickel zinc diiron tetraoxide lNlxZnvFe204 
(nonstoichiometr ic)) 

Nickel (ouB)oxide (see Nickel oxide) 

Niobium 

Niobium + Iron t- SXj 

Niobium + Molybdenum + SXj 

Niobium + Tantalum + ^Xj 

Niobium + Titanium +i:Xj 

Niobium + Tungsten + ^Xj 

Niobium + Zirconium 

Niobium alloys (specific types) 

5 Mo-5 V-l Zr 

27Ta-12 W-0.5 Zr 

10 Tl-5 Zr 

15W-5 Mo-1 Zr-0.05 C 

10 W-5 Zr 

10 W-l Zr-0.1 C 

CB-752 

D-36 (see Niobium alloy 10 W-5 Zr) 

F-48 

Ferronlobium 

FS-82 B 

Niobium dodecaberyllide (NbBe)2) 

Niobium borides; 

NbBj 

NbBx (nonstoichiometric) 

Niobium diboride (NbB2) 

Niobium boride, nonstoichiometric (NbBx) 

Niobium carbides; 

NbC 

NbCx (nonstoichiometric) 

Niobium carbide (NbC) 

Niobium carbide, nonstoichiometric (NbCJ 

Vol.     Page 

735 

1536 

153 

574 

577 

580 

583 

586 

422 

4 577 

580 

583 

586 

586 

586 

586 

586 

574 

580 

5 319 

5 365 

5 361 

5 365 

5 | 361 

5 442 

5 439 

5  | 442 

5  1 439 

Material Name 

Niobium pentafluoride (NbFj) 

Niobium oxides: 

NbO 

Nb02 

NbjOs 

Niobium monoxide (NbO) 

Niobium ("oxide (NbOj) 

Diniobium pentaoxide (Nb205) 

Nitric oxide (NO) 

Nitrogen 

Nitrogen peroxide (N02) 

Nitrous oxide (N20) 

n-Nonane (CjH20) 

n-Octane (CgH^) 

OFHC copper 

Olefiant gas (see Ethylene) 

Osmium 

Oxygen 

Palladium 

Palladium + Silver 

Palladium tellurides: 

PdTe 

PdTe2 

Palladium tellurlde (PdTe) 

Palladium ditelluride (PdTe2) 

Pearlite 

n-Pentane (CsHt2) 

Perchloromethane (see Carbon tetrachloride) 

Phenyl methane (see Toluene) 

Phosphorus 

Phosphorus, black 

Phosphorus trlchlorkV (PClj) 

Phosphorus (ous) chloride (see Phosphorus 
trichloride) 

Pittsburgh No. 3235 glass 

Vol. Page 

976 

5 175 

S 178 

5 181 

5 175 

6 178 

5 181 

(1 83 

(> 39 

6 90 

(! 92 

6 261 

(i 26fi 

4 51 

4 157 

6 4« 

4 160 

4 425 

5 741 

5 744 

5 741 

5 744 

4 655 

6 272 

18 

5 1H 

5 IS 

5 869 

1230 

/ 
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1                         Material Name Vol.    Pago 

1  
Material Name Vol. Page 

Plate glass No. 9330 5 1240 Potassium nitrate (KNO,) 5 1145 

Platinum 4 163 Potassium dioxide (see Potassium super- 
oxide) 

Platinum sulfides: 
Potassium Superoxide (KOj) 5 184 

!      pts 5 699 
Dipotasslum sulfate (K2S04) 5 1209 

ll      *** 5 702 
Praseodymium 4 177 

Platinum sulfide (PtS) 5 699 
PraseodymlumoxMe (see Hexapraseodymium 

Platinum disulflde (PtSj) 5 1 702 |       undecaoxide) 

Platinum tellurides: Hexapraseodymium undecaoxide (Pr60M) 5 187 

PtTe 5 747 Propane (CjH,) 6 279 

PtTe2 5 750 2-Propanone (see Acetone) 

Platinum telluride (PtTe) 5 74 Pyrex 774 B 1230 

Platinum ditelluride (PtTej) 5 750 Pyrex glasses s* 1230 

Plutonium 4 
| 

167 Pyroacetic ether (see Acetone) t 

Plutonium + Cerium + SXj 4 589 Pyroceram 5 1237 

Plutonium carbide (PuC) 5 445 Pyroceram 9606 5 1237 

Plutonium dioxide (PuO,) 5 190 Pyroceram 9608 5 1237 

Potassium 4 17 Quartz 5 207 

Potassium f Sodium 4 428 Quartz crystal 5 207 

Potassium aluminum silicates: Quartz glass 5 202 

KAljSijO,, 5 1540 Quick silver (see Mercury) 

KAl^ijOn-^O 5 1543 RC-7Ü (see Titanium, Ti-75 A) 

Potassium trialuminum tiisillcon undeca- Rene 41 4 556 
|         oxide (KAljSljO,,) 5 1540 

Rhenium 4 181 
Potassium trialuminum trisilicon undeca- 

oxide monohydrate (KAl^ijOn-HjO) 5 1543 Rhenium trichloride (ReCl,) 5 878 

Potassium aluminum sulfates: Rhodium 4 184 

I              KA1 (SO«)2 5 1212 RS-70 (see Titanium. Ti-75 A)                       | 

KA1 (SO^j-12^0 5 1215 Rubidium 4 187 

Potassium aluminum disulfate |KAHS()4)21 S 1212 Rubidium bromide (RbBr) 5 769 

Potassium aluminum disulfate dodecahydrate Rubidium fluoride (RbF)                                   i 5 985 
lKAl(SO«)j-12H,0) 5 1215 

Rubidium monohydrogen difluoride (RbHF2) 5 988 
Potassium bromide (KBr) 5 765 j 

Rubidium iodide  (Rbl) 5 503 
Dipotassium carbonate (K2COj) 5 1124 1 

Ruthenium 4 190 
Potassium chloride (KC1) 5 872 

Rutile (see Titanium dioxide) 
Potassium fluoride (KF) 5 979 

SAE 1010                                                           j 4 647 
Potassium hydrogen difluoride (KHF2) 5 982 

Samaria (see Samarium oxide) 
I 

Potassium Iodide (KI)                                        1 8 1 500  1 1 
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Material Name 

Samarium 

Samarium oxide (Sm^j) 

Samarium sesquioxide (see Samarium oxide) 

Oisamarlum trioxide (see Samarium oxide) 

Scandia (see Scandium oxide) 

Scandium 

Scanrt^.n oxide (SC2O}) 

Scandium sesquioxide (see Scandium oxide) 

Dlscandium trioxide (see Scandium oxide) 

Selenium 

Silica (see Silicon dioxide) 

Silica glass 

Silicon 

Silicon carbide (SIC) 

Silicon carbide + Carbon +EXi, cermet 
(sic+c+sxp 

Silicon tetrachloride (SICI4) 

Silicon letraf luoride (S1F4) 

Silicon nitride«»» S{ a W4 

Silicon dioxide [SiO, (crlstobalHe) ] 

Silicon dioxide I Si02 (Quartz crystal) ] 

Silicon dioxide [SiOj (Quartz glass)] 

Silicon dioxide |Si02 (Tridymlte)) 

Silicon dioxide + Dialuminum trioxide + LXJ 
(BIO,+A1,0,+2^) 

SiUimanite (see Dialuminum silicon penta- 
oxlde) 

Silver 

Silver, electrolytic 

Silver, Inquartation 

Disilver carbonate (Ag2COj) 

Silver chloride (AgCl) 

Silver nitrite (AgNOj) 

Silver oxide (AgjO) 

Disilver oxide (see Silver oxide) 

Vol. Page 

193 

193 

198 

196 

201 

202 

204 

448 

1279 

881 

991 

1087 

210 

207 

203 

213 

1546 

208 

208 

208 

1127 

884 

1148 

199 

Material Name 

Silver selenides: 

Ag2Se 

Ag^e (nonstoichiometrlc) 

Disilver selenide (Ag2Se) 

Silver selenide, nonstoichiometrlc (Ag Se) 

Silver sulfide, nonstoichiometrlc (Ag^) 

Silver tellurides: 

AgjTe 

AgxTe (nonstoichiometrlc) 

Disilver telluride (Ag2Te) 

Silver telluride, nonstoichiometrlc (AgxTe) 

Soda lime glass (SiO, + Na20 +ZXi) 

Soda-lime silica plate glass (see Soda lime 
glaes) 

Sodium 

Sodium, electrolytic 

Sodium + Potassium (NajK) 

Trisodium aluminum hexaflurride (NajAlF6) 

Sodium aluminate (see Sodium aluminum 
dioxide) 

Sodium metaaluminate (see Sodium aluminun 
dioxide) 

Sodium aluminum dioxide (NaA102j 

Sodium aluminum silicate (see Sodium 
aluminum trisilicon octaoxide) 

Sodium aluminum trisilicon octaoxide 
(NaAlSljOs) 

Sodium tetraborate (see Disodium tetra- 
boron heptaoxide) 

Sodium boratesi 

NaBO, 

NajBtO, 

Sodium boron dioxide (NaBOj) 

Disodium tetraboron heptaoxide (Na2B407) 

Sodium bromide (NaBr) 

Disodium carbonate (NajCOj) 

S dium bicarbonate (NaHCO|) 

Soc urn chloride (NaCl) 

Vol. Page 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

4 

4 

4 

5 

553 

556 

553 

556 

705 

753 

756 

753 

756 

1240 

213 

213 

431 

997 

1549 

1602 

1552 

1566 

1552 

1556 

772 

1130 

1133 

887 
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Material Name Vol. Page Material Name Vol. Page 

Sodium ferrite (see Sodium iron dioxide) Sodium sulfates: 

Sodium fluoride (NaF) 5 994 Na2S04 5 1218 

Sodium hydrogen carbonate (see Sodium Na2SO4-10H2O 5 1221 
bicarbonate) 

Disodium sulfate (Na^Oi) 5 1218 
Sodium hexafluoroaluminate (see Trisodium 

aluminum hexafluoride) Disodium sulfate decahydrate (N82804- 10H2O) 5 1221 

Sodium monohydrogen difluoride (NaHF2) 5 1000 Sodium tellurate (see Disodium tellurium 
tetraoxide) 

Sodium iodide (Nal) B 506 
Disodium tellurium tetraoxide (Na2Te04) 5 1575 

Sodium iron dioxide (N2Fe02) 5 1560 
Sodium tltanates: 

Sodi  m molybdates: 
Na2TiOj 5 1578 

Na2Mo04 5 1563 
Na2Ti205 5 1581 

Na2Mo20T 5 1566 
Na2TlA 5 1584 

Disodlum molybdaium tetraoxide (Na2Mo04) 5 1563 
Sodium dititanate (see Disodium dititanium 

Disodium dimolybdenum heptaoxide pentaoxlde) 
(Na2Mo20,) 5 1566 

Sodium me atitanatf (see Disodium titanium 
Sodium nitrate (NaNOj) 5 1151 triocidf; 

Sodium oxides : Sodium U-ititanate (see Disodium trititanium 
hept.ioxide) 

Na20 5 216 
Disodiun. titanium trioxide (Na2TiOj) 5 1578 

Na02 5 222 

Na202 5 219 
Disodium dititanium pentaoxide (NajT^Oj) 5 1581 

Disodium trititanium heptaoxide (NajTijCV 5 1584 
Sodium oxide (Na20) 5 216 

Sodium tungstates: 
Sodium Superoxide (Na02) 5 222 

Na2W04 5 1587 

Sodium peroxide (Na^) 5 219 Na2W207 5 1590 

Sodium dioxide (see Sodium Superoxide) Disodium tungsten tetraoxide (NajWC^) 5 1587 

Disodium oxide (see Sodium oxide) Disodium dltungsten heptaoxide (NajWjOT) 5 1590 

Disodium monoxide (see Sodium oxide) Sodium vanadates: 

Sodium silicates: NaVOj 5 1593 

NajSiO, 5 1569 NajVO« 5 1596 

NajSijO, S 1572 Na4VA 5 1599 

Sodium disilicate (see Disodium disilicon Sodium metavanadate (see Sodium vanadium 
penta oxide) trioxide) 

Sodium metasilicate (see Disodium silicon Sodium orthovanadate (see Trisodium 
trioxide) vanadium tetraoxide) 

Sodium silicate glass No. 23 5 1240 Sodium pyrovanadate (see Tetrasodium 
divanadium heptaoxide) 

Disodium silicon trioxide (NajSlOj) 5 1569 
Sodium vanadium trioxide (NaVOj) 5 1593 

Disodium disilicon pentaoxlde (Na^Oj) 5 1572 
Trisodium vanadium tetraoxide (Na,V04) 5 

1 
1596 

, ■ '^rwv 
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Material Name Vol. Page j                        Material Name 

l__^_———————— 
Vol. Page 

1  Strontium orthotitanate (see Dlstrontium 1 Tellurium dioxide (TeO,) 5 Isil 
j        titanium tetraoxide) 

Terbium 4 232 
Strontium titanium trioxide (SrTiOj) 5 1611 

1 Tetrachloromethane (see Carbon tetrachlor- 
Dlstrontium titanium tetraoxide (Sr2Ti04) 5 1614 ide) ! 

j 
1  Strontium zirconate (see Strontium zircon- Thallium 4 237 
|        lum trioxide) 

Thallium + Lead (PbTl2) 4 437 
1  Strontium zirconium trioxide (SrZrOj) 5 1617 

u\ 1 Thallium monohydrogen difluoride (T1HF,) 5 1006 
1  Sulfur 5 

Thallium nitrate (TINOj) 5 1157 
Sulfur dioxide (SO,) 6 97 

Thoria (see Thorium dioxide) 
1  Sulfuretted hydrogen (see Hydrogen sulfide) 

Thorium 4 242 
Sulfurlc ether (see Ethyl ether) 

Thorium tetraborlde (ThB4) 5 375 
1  Tantalum 4 221 

Thorium carbide, nonstoichiometric (ThCx) 5 454 
Tantalum + Niobium + TXj 4 592 

Thorium tetrafluorlde (ThF«) 5 1009 
Tantalum + Tungsten 4 434 

Thorium dioxide (ThO,) 5 234 
Tantalum + Tungsten + EXj 4 595 

Thulium 4 245 
Tantalum alloys (specific types) 

Tin 4 249 
j             30 Nb-7.5 V 4 592 

Tin, grey 4 249 
8W - 2 Hf 4 595 

Tin, white 4 249 
Tantalum beryllides: 

Tin + Bismuth 4 440 
TaBe12 5 322 

Tin + Indium 4 443 
j            TajBe,, 5 325 

Tin + Lead 4 446 
Tantalum dodecaberyllido (TaBe^) 5 322 

Tin + Magnesium (MgjSn) 4 449 
Ditantalum 17-beryllide (Ta2Be17) 5 325 

Tin oxidesi 
Tantalum bo rides: 

i          SnO 5 237 
1             TaB 5 372 

SnO, 5 240 
1             TaB, »\ 368 

Tin monoxide (SnO) 5 237 
Tantalum boride (TaB) 5 372 

Tin dioxide (SnO,) 5 240 
Tantalum diborldo (TaBj) 5 368 

Titania (see Titanium dioxide) 
Tantalum carbide (TaC) 5 451 

Titanium 4 257 
Ditantalum hydride (TajH) 5 040 

Titanium, Ti-75 A 4 257 
Tantalum nitride (TaN) 5 1090 

Titanium + Aluminum 4 £Xj 4 598 
Ditantalum pentaoxide (TajOj) 5 228 

Titanium + Chromium + SX, 4 601 
Tantalum dlsillcide (TaSl,) 6 598 

1 

Titanium ♦ Iron * Cobalt 4 604 
Telluric acid anhydride (see Tellurium 

dioxide) Titanium + Manganese 4 453 

Tellurlte (see Tellurium dioxide) Titanium + Molybdenum 4 456 

1  Tellurium i 828 1 I Titanium * Vanadium * SXi 4 6071 

■• i'vm 
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Material Name 

Tetrasodium divanadium heptaoxide 
(Na^jO,) 

Solex 2808 plate glass 

Solex S plate glass 

Stainless steels (specific types) 

1 KH 18 N9T 

17-4 PH 

17-7 PH 

AISI 301 

AESI 304 

AISI 305 

AISI 310 

AISI 316 

ABI 347 

AISI 420 

AISI 430 

AISI 446 

AM 355 

Austenite 

El 257 

El 85f 

HMN Crucible 

Stannla (see Tin dioxide) 

Stannic oxide (see Tin dioxide) 

Stannous oxide (see Tin monoxide) 

Steel, austenite 

Steel, eutectoid 

Steel, pearlite 

Steels (specific types) 

4Khl3 

Mark 1 X 18 N9T 

Marie 12«W MK^ 

Mild steel 

OKh 16N 36V 3T 

Stainless steels (see separate entries 
under stainless steels) 

Vol. 

5 

5 

5 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Page 

1599 

1240 

1240 

699 

717 

696 

693 

699 

702 

705 

708 

711 

678 

681 

684 

717 

655 

720 

726 

714 

656 

655 

655 

690 

699 

723 

647 

726 

Material Name 

Steels (specific types) continued 

Steel 19 

Stellite HE 1049 

T-261 

T-262 

T-270 

T-278 

T-279 

T-310 

T-311 

Stibium (see Antimony) 

Strontla (see Strontium oxide) 

Strontium 

Strontium bromide (SrBr) 

Strontium carbonate (SrCOj) 

Strontium chloride (see Strontium dichloride 

Strontium dichloride (SrCl2) 

Strontium dif luorlde (SrF,) 

Strontium nitrate (DfMO;) Sr(NO«) 0 

Strontium oxide (SrO) 

Strontium silicates: 

SrSiO| 

Sr^iO« 

Strontium silicon trloxlde (SrSiOj) 

Distrontlum silicon tetraoxide (SrjSlO«) 

Strontium sulfides: 

lit 

Set, 

Strontium sulfide (SrS) 

Strontium dlsulflde (SrSj) 

Strontium titanates: 

SrTiOt 

SrjTlO« 

Strontium metatitanate (see Strontium 
titanium trioxide) 

Vol. Page 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6d7 

526 

655 

655 

655 

655 

655 

655 

655 

218 

775 

1136 

890 

1003 

1154 

225 

1606 

1608 

1605 

1608 

708 

711 

708 

711 

1611 

1614 

T-n 
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Material Name 

Titanium alloys (specific types) 

AMS 4928 (same as Ti-6A1-4V) 

C-UO M 

C-120 AV (same as Ti-6A1-4V) 

M-6 

M-8 

M-9 

M-10 

MSM-2. 5A1-1ÜV (same as Tl-2. 5A1- 
16V) 

MSM-6A1-4V (same as T1-6A1-4V) 

MSM-8Mn (. ame as C-llOM) 

MST-2.5A1-16V (same as T1-2.5A1- 
16V) 

MST-6A1-4V (same as Ti-6A1-4V) 

MST-8Mn (same as C-llOM) 

RC-130 A (same as C-llOM) 

RS-110 A (same as C-llOM) 

Tl-4Al-3Mo-lV 

Ti-2.5Al-16V 

T1-6A1-4V 

Ti-8Mn (same as C-llOM) 

Ti-13V-llCr-3Al 

Titanium beryllide (see Titanium dodeca- 
beryllide) 

Titanium dodeca «erylllde (TlBe12) 

Titanium diboride (TiB2) 

Titanium bromides: 

TiBrj 

TiBr4 

Titanium tribromide (TiBrj) 

Titanium tetrabromlde (TiBr4) 

Titanium carbide (TIC) 

Titanium trichloride (TiClj) 

Titanium tetrafluorlde (T1F4) 

Titanium hydrides: 

T1H,  

Vol. Page 

598 

543 

598 

456 

4C8 

456 

456 

607 

598 

543 

607 

598 

543 

543 

543 

598 

607 

598 

543 

607 

Material Name Vol. 

5 328 

5 378 

5 778 

5 781 

5 778 

5 781 

5 457 

5 893 

5 1012 

1047 

Titanium hydrides - continued 

TiHx (nonstoichiometric) 

Titanium dihydrlde (TiH2) 

Titanium hydride, nonstoichiometric (TiHx) 

Titanium tetralodlde (TII4) 

Titanium nitride (TIN) 

Titanium oxides; 

TIO 

TiOj 

Ti20, 

HA 

Titanium monoxide (TiO) 

Titanium dioxide (T102) 

Titanium sesquioxide (TijOj) 

Trltitanlum pentaoxlde (Tij06) 

Titanium silicides: 

TISi 

TiSl2 

Tl5Sis 

Titanium sllicide (TISI) 

Titanium disilicide (TiSi2) 

Pentatitanium trislllcide (Ti,Slj) 

Toluene (CJHJCHJ) 

Trichlorofluoromeihane (see Freon 11) 

Trichloromethane (see Chloroform) 

Trichlorotrifluoroethane ^see Freon 113) 

Tridymlte (see Silicon dioxide (tridymite)J 

Tungsten 

Tungsten + Cobalt (CojW,) 

Tur^sten + Iron (FeTW8) 

Tungsten borldes: 

WB 

Tungsten borlde (WB) 

Page 

1044 

1047 

1044 

510 

1093 

5 243 

5 246 

5 250 

5 256 

5 243 

5 246 

5 250 

5 253 

5 601 

5 604 

5 607 

5 601 

5 604 

5 607 

6 285 

4 263 

4 459 

4 462 

5 382 

5 385 

5 388 

5 382 

• IT T7T71 
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Material Name Vol. Page Material Name Vol. Page 

Ditungsten boride (W2B) 

Dltungsten pentaboride (W2B6) 

Tungsten carbide (WC) 

Tungsten carbide + Cobalt, cermet (WC +Co) 

Tungsten trloxide (WOj) 

Tungsten disilicide (WSi2) 

Tungstic acid anhydride (see Tungsten trl- 
oxide) 

Uranlc chloride (see Uranium tetrachloride) 

Uranic iodide (see Uranium tetraiodide) 

Uranic oxide (see Uranium dioxide) 

Uranium 

Uranium carbides: 

UC 

UC2 

U,Cj 

UCX (nonstoichlometric) 

Uranium carbide (UC) 

Uranium dlcarbide (UC2) 

Diuramum tricarbide (U2C3) 

Uranium carbide, nonstoichlometric (UCX) 

Uranium chlorides 1 

UCl, 

UCI4 

Uranium trichloride (UCI3) 

Uranium tetrachloride (UCI4) 

Uranium fluorides: 

UF4 

UF, 

Uranium tetrafluoride (UF4) 

Uranium hexafluorlde (UF)) 

Uranium trihydride (UH,) 

Uranium tetraiodide (Ul4) 

Uranium nitrides: 

UN 

 UNx (noostolchiometric)  

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

S 

ü 

5 

5 

5 

5 

5 

5 

5 

5 

385 

388 

460 

1382 

256 

610 

268 

463 

466 

472 

469 

463 

466 

472 

469 

896 

S00 

896 

899 

1015 

1018 

1015 

1018 

1050 

513 

1096 

1099 I 

Uranium nitride (UN) 

Uranium nitride, nonstoichlometric (UN ) 

Uranium oxides: 

UO, 

UO, 

UJOS 

II4O, 

Uranium dioxide (UOj) 

Uranium trloxide (UOj) 

Triuranium octaoxide (UjOg) 

Tetrauranium enneaoxide (see Tetrauranium 
nonaoxidb) 

Tetrauranium nonaoxide (UjO,) 

Uranium si leidet-: 

US12 

USij 

U,Si 

UjSi2 + UjSi 

Uranium disilicide (USi2) 

Uranium trisilicide (USi,) 

Triuranium sil'cide (UjSi) 

Triuranium disilicide + Triuranium mono- 
silicide (UjSi2 + UjSi) 

Uraiious uranic oxide (see Triuranium octa- 
oxide) 

Uranyl oxide (see Uranium trloxide) 

Uranyl uranate (see Triuranium octaoxide) 

Vanadic anhydride (see Dlvanadium penta- 
oxide) 

Vanadium 

Vanadium + Aluminum 

Vanadium + Antimony 

Vanadium + Iron 

Vanadium + Tin 

Vanadium + Titanium 

Vanadium carbide (VC) 

5 1096 

5 1099 

5 259 

5 262 

5 265 

5 269 

5 259 

5 262 

5 265 

269 

619 

616 

613 

622 

C19 

616 

613 

622 

4 271 

4 465 

4 468 

4 471 

4 474 

4 477 

5 475 

1  '• '""V^ 
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Material Name 

Vanadium chlorides: 

VClj 

VClj 

Vanadium dichloride (VClj) 

Vanadium trichloride (VClj) 

Vanadium trif luoride (VFj) 

Vanadiiun hydride, nonstoichiometric (VHX) 

Vanadium nitride (X'N) 

Vanadium oxides: 

VO 

V20j 

V204 

V20, 

Vanadium men oxide (VO) 

Vanadium sesquioxide (V]0]) 

Divanadium tetraoxide (V204) 

Divanadium pentaoxlde (V^O^ 

Vanadium si lie ides: 

VSlj 

V^l 

VtSl, 

Vanadium disilicide (VSi2) 

Trivanadlum sillcide (VjSi) 

Pentavanadium trisilicide (V5Sij) 

Vycor 7900 

Vycor glasses 

Water (H2ü) 

Wolfram (see Tungsten) 

X-r.ietal (see Uranium) 

Xenon 

Xenon tetrafluoride (XeF4) 

Ytterbia (see Ytterbium oxide) 

Ytterbium 

Ytterbium gallate (see Triytterbitun penta- 
gallium dodecaoxlde) 

Vol. 

5 

5 

5 

5 

5 

5 

5 

5 

B 

5 

5 

5 

S 

S 

5 

5 

5 

B 

B 

5 

5 

5 

5 

6 

Page 

902 

905 

902 

905 

1021 

1053 

1103 

272 

275 

278 

281 

272 

275 

278 

281 

62S 

625 

631 

628 

625 

631 

1324 

1234 

102 

57 

1024 

274 

Material Name 

Triytterbium pentagallium dodecaoxlde 
lYbjGaB012(Garnet)) 

Ytterbium oxide (YbjOj) 

Ytterbium sesquioxide (see Ytterbium oxide) 

Diytterbium trioxide (see Ytterbium oxide) 

Yttria (see Yttrium oxide) 

Yttrium 

Yttrium deuterides: 

YD2 

YD, 

Yttrium dideut jride (YD2) 

Yttrium trldeuterlde (YDj) 

Yttrium gallate (see Trlyttrium pentagallium 
dodecaoxlde) 

Triyttrium pentagallium dodecaoxlde 
lYjGa5012(Garnet:i 

Yttrium hydrides; 

YH2 

YH, 

Yttrium dihydrlde (YH2) 

Yttrium trlhydrlde (YH,) 

Yttrium oxide (Y2Oj) 

Yttrium sesquioxide (see Yttrium oxide) 

Dlyttrium trioxide (see Yttrium oxide) 

Zinc 

Zinc + Copper 

Zinc ♦ Magnesium (MgZn2) 

Zinc + Zirconium (ZrZn2) 

Zinc dichloride (ZnCl2) 

Zinc ferrite (see Zinc diiron tetraoxide) 

Zinc difluoride (ZnF2) 

Zinc diiron tetraoxide (ZnFejO^ 

Zinc oxide (ZnO) 

Zinc orthoeilicate (see Dizlnc silicon tetra- 
oxide) 

Dizlnc silicon tetraoxide (Zn^lO«) 

Zinc sulfate heptahydrate (ZnSCV 7H20) 

Vol. Page 

1620 

284 

278 

1062 

1066 

1062 

1066 

1623 

1056 

1059 

1056 

1059 

287 

4 281 

4 480 

4 483 

4 486 

5 908 

5 1027 

S 1626 

5 290 

1620 

1224 

L«; •'•Wv-IA 
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JUtorialName 

I 

Zinc sulflde (ZnS) 

Zinc orthotitanate (Jee Dlzinc titanium 
tetraaxide) 

Dizinc titanium letraoxide (Z^TiOj) 

Zircaloy 2 

Zircon (see Zirconium silicon tetraoxide) 

Zirconia (see Zirconium dioxide) 

Zirconium 

Zirconium + Hafnium +LX. 

Zirconium + Indium 

Zirconium + Iron (ZrFej) 

Zirconium + Iron + SXj 

Zirconium + Niobium 

Zirconium + Silver 

Zirconium + Tin 

Zirconium + Titanium 

Zirconium + Uranium 

Zirconium + Uranium + EXj 

Zirconium beryllide (see Zirconium 13- 
bervliide) 

Zirconium 13-beryllide (ZrBeij) 

Zirconium dlboride (ZrB2) 

Zirconium carbide (ZrC) 

Zirconium tetrachloride (ZrCl4) 

Zirconium tetrafluorlde (ZrFi) 

Zirconium hydrides: 

ZrH, 

ZrHx (nonstoichiometric) 

Zirconium dihydride (ZrH]) 

Zirconium hydride, nonstoichiometric 
(zny 

Zirconium nitride (ZrN) 

Zirconium dioxide (Zr02) 

Zirconium dioxide + Titanium, cermet 
(ZrO, + Tl) 

Zirconium orthosilicate (see Zirconium 
silicon tetraaxide) 

Vol. Page 

714 

1632 

501 

287 

613 

489 

492 

610 

495 

498 

501 

504 

507 

616 

Material Name I Vol. Page 

Zirconium silicon tetraoxide (ZrSiO^ 5        1635 

ZT-15-M 5 1285 

5 331 

5 391 

5 478 

5 911 

5 1030 

5 1072 

0 1069 

5 1072 

5 1069 

5 1106 

5 293 

1285 
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