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PREFACE 

The phenomenal growth of science and technology since the early forties has brought about a universal 
appreciation of the fact that present limitations in many technical developments are often a direct result of 
the paucity of knowledge on the properties of materials. Engineering developments in the years ahead will 
be closely linked to the research that is done today to contribute to a better understanding of the properties 
of matter, of which thennophysical properties constitute a major segment. 

With a realization of the seriousness of this situation, a great deal of research effort has been made in 
recent years on the thennophysical properties of materials with the result that the volume of research litera- 
ture has increased many fold. In spite of this fact, it is generally agreed that the present level of research on 
thennophysical properties still falls substantially short of existing needs and anticipated future demands. 
However, what is even more disturbing is the fact that engineering groups across the nation are using no 
more than a fraction of the information already available, either because it is in a form not directly useful 
to them or, often, because its existence is not generally known. 

To partially remedy this situation concerning the thennophysical properties of high temperature ma- 
terials, the Materials Laboratory of the U.S. Air Force at Wright-Patterson nir Force Base sponsored a 
project in 1957 to bring together a large portion of the then available data in a single work for easy refer- 
ence. From this compilation, performed by the Armour Research Foundation, a four-volume work en- 
titled Handbook of Thermophysical Properties of Solid Materials emerged. It was first published in 1960 as 
WADC TR58-476; in 1961 it was issued as a hard-bound set by The Macmillan Company. 

Because of the favorable reception given to this original work, the Materials Laboratory of the U.S. 
Air Force requested the Thermophysical Properties Research Center (TPRC), in 1964, to update and revise 
this reference work in order to increase its usefulness and to put it on a more current basis. The present six- 
volume work, entitled Thermophysical Properties of High Temperature Solid Materials, consists of nine 
books totaling more than 8,500 pages. It is the result of a two-year project by TPRC. This new encyclo- 
pedic reference work cannot be called a revised edition of the earlier publication since nearly every page 
has been changed through major additions, corrections, and re-evaluation. An effort was made to ad- 
here to the basic format of the earlier work. However, the organization of the material and the index to 
materials have been completely redesigned for greater ease in locating the information desired. 

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

In processing the large amount of new and old data incorporated in these volumes, it was necessary 
that some degree of selectivity be exercised both from the standpoint of the references cited and the data 
extracted from them. It is hoped, however, that no major source of information has been omitted. Whenever 
possible, an effort was made to suggest recommended values of the properties. In the plots, recommended 
values are indicated by curves, li should be clear, however, that the designation of "recommended values" 
in no way implies that a critical analysis has been performed in all cases, nor does it suggest that they repre- 
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■ent definitive values. Because most of the materials covered are not well-defined engineering materials, 
and because there is often a great paucity of information, any critical evaluation of these data is most diffi- 
cult—if not impossible. 

With a full appreciation of these inherent difficulties it is nevertheless hoped that the present compendia 
will prove to be of great usefulness to engineers seeking information on thermophysical properties. In spite 
of the extreme care exercised in processing the data and proofing the manuscript, it is possible that some 
errors might have been inadvertently overlooked. Should any instance of such oversight be uncovered, the 
Editor would be most indebted if it is brought to his attention. 

The fact that such an enormous undertaking could be accomplished in such a short time is attributable 
primarily to TPRC's unique resources in the area of thermophysical properties information. Grateful 
acknowledgment is made to the Electronic Properties Information Center for assistance in providing biblio- 
graphic searches on electrical resistivity and to the Air Force Materials Laboratory for general assistance in 
bibliographic information. Extensive personal inquiries were made to the authors of research papers and 
reports requesting clarification and original data. The enthusiastic response to these inquiries (in the majority 
of the cases) is also gratefully acknowledged. The Editor and the contributing staff wish to give a special 
note of thanks in acknowledging the valuable assistance and cooperation they received individually and 
collectively from TPRC's Scientific Documentation Division personnel and the supporting staff of graphics 
and technical typists without whose painstaking and skillful contributions this work would not have been 
possible. 

This work was performed under Contract No. AF33(6I5)1642, sponsored by the Air Force Materials 
Laboratory, Research and Technology Division, Air Force Systems Command, Wright-Patterson Air Force 
Base, Ohio. The personnel directly affiliated with this program were Mr. D. A. Shinn, Chief, Materials In- 
formation Branch; Mr. E. Dugger, Technical Manager, Information Processing; and Mr. J. H. Charlesworth, 
engineer in charge of this project. Their understanding cooperation has contributed much to the success of 
the program. 

It is sincerely hoped that Thermophysical Properties of High Temperature Solid Materials will constitute 
an even more valuable contribution to technology than its predecessor. This work should prove to be an 
invaluable source of information on an important group of properties of materials to every engineer, pro- 
viding him with reliable information of a scope that would be impossible for any one individual to master. 
If we have been able to approach these goals, the results will be highly gratifying. 

June 1966 Y. S. TOULOUKIAN, Director 
Thermophysical Properties Research Center 
Purdue University 
2595 Yeager Road 
West Lafayette, Indiana 47906 
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V1 

EXPLANATORY TEXT 

I. SCOPE OF COVERAGE 

Thermophysical Properties of High Temperature Solid Materials comprises six volumes. Volumes 2, 
4, and 6 each consist of two parts because of the large amount of material covered. The general contents 
of the respective volumes are as follows: 

Volume I—Elements 
Volume 2—Nonferrous Alloys 

PART I—Nonferrous Binary Alloys 
PART 11—Nonferrous Multiple Alloys 

Volume 3—Ferrous Alloys 
Volume 4—Oxides and Their Solutions and Mixtures 

PART I—Simple Oxygen Compounds and Their Mixtures 
PART 11—Solutions and Their Mixtures of Simple Oxygen Compounds. Including Glasses and 

Ceramic Materials 
Volume S—Nonoxides and Their Solutions and Mixtures, Including Miscellaneous Ceramic Materials 
Volume 6—Intermetallics, Cermets. Polymers, and Composite Systems 

PART 1—Intermetallics 
PART II—Cermets, Polymers, and Composite Systems 

The specific properties covered in each volume are: 

1. Density (p) 
2. Melting Point (M. P.) 
3. Heat of Fusion (Ahr) 
4. Heat of Vaporization (Ahv) 
5. Heat of Sublimation (Ah.) 
6. Electrical Resistivity (r) 
7. Specific Heat at Constant Pressure (Cp) 
8. Thermal Conductivity (k) 
9. Thermal Diffusivity (a) 

10. Thermal Linear Expansion (AL/L) 
11. Thermal Radiative Properties: 

Absorptance (a), Emittanoe (e), Reflectance (p). and Transmittance (r) 
12. Vapor Pressure (p) 

Generally, only materials with melting points above 800oK (approximately 1000oF) are included, ex- 
cept for materials within the categories of polymers, plastics, and composites. A detailed discussion of the 
material classification procedure is presented in the following sections. A Material Index for the entire 
work is included at the end of each volume. 

^^i. . ^■.. 
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II. TPRC CLASSIFICATION OF MATERIALS 

Materials are classified into the eight categories listed below. Whenever applicable, the compositions 
are reported in weight percent of the constitutents. For purposes or material classification TPRC considers 
the following elements as nonmetallic: H. He, C, N, O. F, Ne, P, S, CI, A, Br, Kr, I, Xe, At, and Rn. 

1. Elements: For the purpose of classification an element is specified as follows: 
A. For metallic elements, the limit of impurities is <0.20 percent for each foreign constituent and 

<0.50 percent total impurities. 
B. For nonmetallic elements (i.e., carbon including graphite and diamond), the limit of impurities 

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

the purpose of classification, nonferrous alloys are specified as follows: 
A. Nonferrous Binary Alloys: The sum of the binary constituents is >99.5r percent and other con- 

stituents <0.20 percent each. 
B. Nonferrous Multiple Alloys: The sum of the first two constituents is <99.S0 percent and/or 

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

3. Ferrous Alloys: This category is for alloys in which iron is greater than or equal to any other con- 
stituent. For the purpose of classification, ferrous alloys are specified as follows: 
A. Carbon Steels: Carbon <2.0 percent and carbon > any other alloying constituent. 

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

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

B. Cast Irons: Carbon >2.0 percent and carbon > any other alloying constituent. 
a. Group I: Every other alloying constituent <0.20 percent except for Mn, P, S, Si, which may 

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

Si >0.60 percent. 
C. Alloy Steels (including alloy cast iron): The major alloying constituent is other than carbon. 

a. Group I: Every other alloying constituent <0.20 percent except for Mn, P, S, Si, which may 
be <0.60 percent each, and C <2.0 percent.* 

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

4. Nonmetallic Compounds and Their Mixtures and Solutions: Ceramic materials such as oxides, bro- 
mides, carbides, carbonates, nitrides, silicates, etc., are included in this category. For the purpose of 
classification, they are specified as follows: 
A. For simple compounds and their solutions, the limit of impurities is <2.0 percent for each 

foreign constituent and <5.0 percent total impurities. 

* Exception is made when Mn, P, S, or Si is (lie major alloying constituent. For instance, in the case of Fe + Mn + SXj alloys 
the specifications corresponding to Groups I and II would be as follows: 

a. Group I: Every other alloying constituent <0.20 percent except for P, S, Si, which may be <0.60 percent each, and 
C <2.0 percent. 

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

Fe > Mn > P, S, Si and any other alloying constituent and Mn >0.20. 
The same guideline is applied to ferrous alloys containing P, S, or Si as major alloying constituents. 
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B.  For mixtures of simple compounds and their solutions, the major constituent is <95.0 percent, 
or any other constituent is >2.0 percent. 

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

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

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

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

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

■■""*"-*,«fc-:;'«'j-. * 
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SUMMARY TABLE OF TPRC CLASSIFICATION OF MATERIAUS 

CUfifloatlon 

1.   ELEMENTS 
< 

A. METALUC 

B. NONMETALLIC 

Limits of Composition (welgjit percent) 

>99.50 

2 95.0 

X, + X, 

<0.20 

£2.0 

<0. 20 

£2.0 

NONFERROUS 
ALLOYS 
(X^Fe) 

rA. 

B. 

BINARY 
ALLOYS 

MULTIPLE 
ALLOYS 

a 99. 50 

2 99.50 

<99.50 

<99.50 

L    «99.50 

2 0.20 

>0.20 

2 0.20 

>0.20 

<0.20 

«0.20 

>0.20 

«0.20 

>0.20 

<0.20 

FERROUS 
ALLOYS 

(Xi = Fe2X,) 

rA. CARBON 
STEELS 

B. CAST 
IRONS 

i 
i 

GROUP I 

GROUP H 
GROUP I 

GROUP n 
^ 

ALLOYS   —I 
STEELS 

GROUP I 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

GROUP n 

X, 

C «2.0 

C £2.0 

C £2.0 

C £2.0 

C >2.0 

C >2.0 

C >2.0 

C >2.0 

Fe *c 
Fe *c 
Fe ¥C 

NONMETALLIC COMPOUNDS AND THEIR MIXTURES AND SOLUTIONS 

xl 

     2 95.0 A. SIMPLE COMPOUNDS AND THEIR 
SOLUTIONS 

B. MIXT'JUES OF SIMPLE COMPOUNDS 
AND THEIR SOLUTIONS 

NOMENCLATURE: 

Xj = Major Constituent 

X] = Second Highest Constituent 

X, = Third Highest Constituent 

Where:   Xj 2Xj 2Xj 2X4 2 

<95.0 

2 95.0 

<95.0 

£0.20 

£0.20 

>0.20 

>0.20 

£0.20 

£0.20 

>0.20 

>0.20 

£0.20 and 
C£2.0 

£0.20 

>0.20 

>0.20 

^2 

£2.0 

£2.0 

>2.0 

>2.0 

Mn,P 
Sor Si 

£0.60 

>0. 60 

£0.60 

>0. 60 

iO. 60 

>0. 60 

£0.60 

>0. 60 

£0.60 

>0. 60 

£0.60 

>0. 60 

*In case Mn, P, S, or SI represents X2 this particular element is dropped from the last column. 
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III. PRESENTATION OF DATA 

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

In the following paragraphs a detailed description of Sections S, 6, and 7 is given. The contents of the first 
four sections are self-explanatory. 

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

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

Graphic Presentation 
Data extracted from various references on a given material and property are shown on a single 

graph by means of distinct plotting symbols, which are identified in the Reference Information Table 
on the page following the graph. Each set of symbols indicates the data of a given investigator, but 
does not necessarily imply actual measured points. In numerous instances authors present only smoothed 
values, either in graphical or tabular form, and it is frequently impossible to distinguish interpolated or 
smoothed values from actual observed data. 

In reporting data on thermal linear expansion, investigators sometimes give a single average value 
of this property for a considerable temperature range. In such instances it is assumed that a linear re- 
lationship is implied. All data on thermal linear expansion were reduced to a datum of 2930K (20oC); 
i.e., (AL/L) = 0 at 2930K (20oC). This point is identified by a cross (-f) on each graph. 

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

(AL/L) - LT " L293 X 100 
L293 

where LT = length of specimen at temperature T. 

L293 = length of specimen at 2930K (20oC). 

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

i 

ß \ ^.inK-1 I 
100 (T-293) L I 

It is necessary to divide the right-hand side of this equation by 100 because the graphical presentation of (AL/L) is in percent 
expansion from 2930K. 

I 
xiii 



In some instances the coefficient or thermal linear expansion is reported in tabular form. 
Curves drawn through the plotted points are the "most probable" curves based on the data shown. 

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

Point Value Table 
Data extracted from various references are identified by distinct symbols in the same manner as 

data points on a graph. "Most probable" values are given either at the top of the table or are indicated 
in a footnote. These selections are usually made solely on the basis of the data presented. Sometimes 
these point values are also reported as a function of temperature or composition, in which case they 
are shown in graphical form and placed immediately following the tabular values. 

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

mediately follows the graph. The table contains the following information: 
1. Symbol. The plotting symbols are identical with and correspond to those used in the graph. 
2. Reference. References are identified by hyphenated numbers which serve to locate the biblio- 

graphic citation in the section of References at the end of each volume. The initial two digits 
indicate the year of publication and the last digits identify the specific reference within the given 
year. In those instances where a reference does not carry a date, the letter symbol ND is used in 
place of the year of publication. Undated references are listed at the end of the list of References. 

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

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

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

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

structures, etc. 
d. Specimen designation by the author is given in brackets at the end of the citation. 

6. Remarks. This column contains information on: 
a. Special process used in fabrication of the sample, such as being sintered, chill-cast, etc. 
b. Sample history, such as cold-worked, hot-pressed, annealed, etc. 
c. Conditions under which the specimen was investigated, environment, etc. 
d. Other pertinent remarks. 

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

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

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

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

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

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

4. Pages: Indicate the beginning and ending pages. 

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

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

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

MATERIAL INDEX 
The Material Index lists all the materials included in this work by their proper trade or commercial 

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

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

xv 



CONVERSION FACTORS 

NOTE: In preparing the conversion factors, the following basic definitions were used: 

1 in. = 2.54 cm* 

1 lb. = 453.59237 g* 

1 calTh = 4.184 (exactly) Joule* 

1 caIIT = 4.1868 (exactly) Joule* 

1 Btu^lb"1!7-1 = 1 cal^g-'C-'t 

The subscripts "Th" and "IT" denote "Thermochemical" 
and  "International  Steam Table"  units,  respectively. 

• NBS Technical News Bulletin, 4700), 1963. 
t Mueller. E. F.. and Rossini, F. D., Am. J. Physics, 12(1), 4, 1944. 
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BODY OF DATA 

OXIDES AND THEIR SOLUTIONS AND MIXTURES 

PARTI 

SIMPLE OXYGEN COMPOUNDS AND THEIR MIXTURES 

NOTE:   For purpose of classification, simple oxygen com- 

pounds and their mixtures are specified as follows: 

1. For simple compounds, the limit of impurities is 
^ 2.0 percent for each foreign constituent and 
i 6. 0  percent total impurities. 

2. For mixtures of simple compounds, the major 
constituent is <95.0 percent, or any other 
constituent is >2. 0 percent. 
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fc-^t- i -r v 

PROPERTIES OF ALUMINUM OXIDE 

MOST      PROBABLE       VALUES 

Property C.G.S.   Units Brit.    Eng.   Units 

Density  

Melting Point  

Heat of Sublimation   .   .   . 

4.0 

2316 

4473298K 

250 

4169 

8052537R 

REPORTED       VALUES 

Density g cm a 

o 4.0 

< 3.4 

t> 3.559 ± 0.001 

• 3.9 

Melting Point K 

Heat of Sublimation 

A 2293 

o 2298 

V 2316 

A 2323 

4 2315 ± 7 

► 2307 ± 16 

cal g"i 

■ 1472„0„„t 2223K 

4473 
298K 

Ibftr3 

250 

212 

222.18± 0.06 

243 

4127 

4136 

4169 

4181 

4167 ± 13 

4153 ± 29 

Btu lb" • 

2650^„„„ 4002R 

8052 537R 

TPRC 
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Electrical Resistivity, ohm cm 
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Thermal Linear Expansion, percent 
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Thermal linear Expanaton, percent 

© d d 
C4 

e 

s 

s n 

I 

at 
o 
v 

I I 
B  ^   - 

S 

ao 

to 

— 

■4 
-- 1 

•i , 

J 
i 
i 

1 
1 i I j 

| 1 i 

1 

1 
1 

i 
i 

—4— 
i l 

i 

1._ 
i 
i 

1 

i i 

1 i 
I 

i ■ i 

i 
1 1    1 I 1 I 

--I— . 
; i 

i 
■ 

.—]__ -— A 
i 1 

i 
' 

i 
i 

1 

j i 

— 
1   1 t 

i i 1 
i 

1 i 

—. < I 
i | 

i 

i [ t 

i i 
l       i 

—i— - 
1 

I i 
i 1 

i 
t 

1 

i     | 

V i 

1 
i 

i ! i 
I        | — \ 1 ! 

i 

i 

1 

— 
1 > Si - 

i i 

■H 
i  _— 

■^ •<x i 

_ 

■ i ! i     | 

s, i | 
j   | i 

i 

i 

i 

! 
l 1 

Si 
—1 ._ 

I 

i 

J i 
i l i 

i 

! 
—j - 

I t i i i 
i i 

* i I ! 
< ' 

i 

  
i 

i 

4— — 
r 
i 1 

i 
i i i L ! h | i     1 

i     i 

1 . 
>. 

i 
i 

r 
l — | i 

1 
t   ^ V -i i N {     | 

i ____! 1 
— ; 

i 
i ^ i 

i  i 
-i  j 

■ 

i | 
" i i 

i 
1 i i i j 

-i i i 1 i i 
i 

l 
I 
t _ 

i i 

_..].,.. 
i 

i ■-i i i 
i , j 

s 
t- 

e s 

o 
© 
eo 

o 
© 
en 

« 

© 
© 

in 

s 
n 

s 

n M o A 
© 

ao 
©' 

(O     Hi 

d   d d   d 

O 

<! 
i 
i 

55 

l 
2§ 

g 

tuaaiad 'uo|nradxa Jvaun l«uuaqx 

TPRC 



< >; 

i 
SB 55 
< M 
CU K 
X M 
U) 

27 

u 

gal 

|2 

I 
c 
2 

u, 
o o 
CM o o 

K s 

I   1 

•3    t3 

§ & 

V 

0) b, 
t. on 

^r CO 

a J 
m 5 

JS ■g 

.0 

•a 

'S      M 

& 2 

oo 

2 - 

I 

O 
I 

U5 o 
o 
"9 o 

a I 
a 
o I 
o 
in 

to 
s 
9 

•r i* 

Oao 

73   rc   5. 
o  "^  -a 

I '        4) 
us   00   •a 
CO 

I 
CO 

o 

IM 

TPÄC 

_ 



•■f 

28 
Normal Total Emittance 
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Nurmal Spectral Emitlance 
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PROPERTIES OF ALUMINUM OXIDE 
(Sapphire) 

MOST      PROBABLE      VALUES 

Property C.G.S.   Units Brit.   Eng.   Units 

Density  

Softening Point  

3.73 

2313 

233 

4163 

REPORTED      VALUES 

Density g cm-3 

D      3. 983 ±0.001 

O      3.73 

lb ft-3 

248. 65 ± 0. 06 

233 

Softening Toint 

A      2313 

V      > 1873 

O     > 1873 

4163 

>3371 

>3371 

TPRC 
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Thermal Conductivity. Btu hr-1 It'1 H"1 x 10 
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PROPERTIES OF BERYLLIUM OXIDE 

MO? T PROBABLE      VAL UES 

Proporty C .G.S.    Units Brit.   Kng.   Units 

Density  , 3 03 189 

Melting Point  2843 5118 

Heat of Fusion  551 

4013 

991.8 

7223 Heat of Vaporization .   .   . 

REPORTED      VALULS 

Density g cm-3 lb ft"3 

0 2.96 185 

D 3.03 189 

0 1.48 92.4 

V 3.08 192 

r 2.8 170 

♦ 2.84i 0.03 177 i 2 

▲ 3.0 187.2 

■ 3.02 188.7 

Melting Point K R 

< ;i725 4905 

A 2843 -k 30 5118 ±54 

Heat of Fusion cal g"' Btu lb" ' 

• 551 991  8 

Heat of Vaporization cair1 Bf.u lb"' 

> 4013 7223 

TPRC 
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Thermal Linear Expansion, percent «7 
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Normal Spectral Transmittanc«.1 
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Vapor Pressure, mm Hg «5 
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Vapor Pressure, mm Hg 
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PROPERTIES OK CADMIUM OXIDE 

MOST      PKOUAULI-:      VALUES 

Property C.O.S.    Units Uril.    EMU.    Units 

Density        

Melting Point  

Heat of Sublimation    .   ,   . 

6.95* 

1773 

4781028K 

434* 

3191 

81(i1850R 

Handbook of Chemistry and Physics (Ref. 64-16) 

HE PORT EU      VALUES 

Melting Point K 

D     >1773 

Heat of Sublimation -i cal g 

478 
O 1028K 

R 

>3191 

Btu lb"1 

816 1850R 
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Thermal Linear Expwialon, percent 'J5 

o 

U -H 

« 

o 

4> 

Ui 

O 
5 

w 

5 

5 

z 
2 
03 z 

< 

u 
X 

tusajad 'uoiBusdxg jvaun («uiaaqx 

TPÄC 



'.t(i 

05 

aJ Z 

\£. 

^-1 

T5 u 

I 
x> 

in 

o 

rp/tC 
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PROPERTIES OF CALCIUM OXIDE 

MOST      PROBABLE      VALUES 

yy 

Property C.G.S. Units Brit.    Kng. Units 

Density  

Melting Point  

3.35 

2903 

* 207 

5225 

REPORTED      VALUES 

Density g cm 

Melting Point 

o 3.0 

D 1.74 

K 

A 2843 

V 2903 

0 -2843 

lb ft-3 

187 

109 

R 

5117 

5225 

~5117 
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Thormal Conductivity,  Btu hr"1 ft"1 R-1 100 
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PROPERTIES OF CERIUM OXIDES 

MOST      PROBABLE      VALUES 

Property C.G.S. Units Brit.    Eng. Units 

Density  7.10* 

3073* 

443* 

5632* Melting Point  

For CeOj only 

REPORTED     VALUES 

Density 

0 Ce02 

A CejOf 

7 CeO 

gem' 

7.10 

6.867 

7.77 

•s Ibft"' 

443 

428.5 

484. 8 

Melting Point 

0 Ce02 

K 

3073 

R 

5532 

TPRC 

7 



* in.     .^»IV 

i 
#* 

112 

ja 

s 
05 

z 
05 o 
W H 

Ö 
< 

05 
O 

2 
ü 

1-* 
b 
O u 
w. u w 

w 05 
cu u 

9 
u 

o 
HI 
u u u 

.6" 

Is 
05 u 

M 

* 
a» 

w      o 
n 

05 
M 

00 

05 

t- „ to to 
M " i-l i-l 

I I I I 
CO 0) M M 
1/5 t to to 

IS D     < 

TPKC 



"1*:. w 
\i 

Electrical Resiativlty, ohm cm 113 

o 

& 

3 

« 

o 
S 

s 
o * 

TPRC 

7— 



1 
114 

Z 
o 
H 
< 
s 
s 
o 
z 

u 
u 
z 
u 
as 
u 
u, 
u 
K 

i 

S   'S 
10 V to o 
a» n <5 
h H Hi 00 
a 3 u n 

PE U 
W 

s 

I 

o 

ao 

I 

U      Ü 

in oo     o m     oo 

1 i 

to 

<     G 

TPRC 



\1 

11 * 
< 

1- 
S 
3 

3 
3 

S 
o 

Specific Heat, 

S 
© 

Btulb" 

8 
e 

»R -1 

S 
d 

< 

< 
3 s 5 

» 

1 
1 
i 
1 
i 
1 

i 
1 j 

•    i 

1X0 

et 

1   1 
1" 

1 
. 

8 
I - 

8  - 

5 
8   . 
*4 1 

8. 
9 

r 
i 

" 
i i 

i 

i 
! i 

i 
H 

1 
i 

S 

!- 
1 i s 

f. i- 
„ 

f       1 1 i 1 
8 

1        §- o i I i 
i 

ü 

8        n 
9 i i i 1 

im
p 

30
0 

1 '       2S 
S I i i «              33 

|- 
] 

0 1 
& 

8 l g s I 0« 
CO 

§. Y o 

s \ 
e    _ 
N j 

8. | »lu 

S j 

»< I 
§   - ', 

Q> t-~ 

i- 
•8" "— ~~ 

'R k 
8   - fa 8 N, 
I- ■    '   w 

s ̂
 ^^ 
*5( ft^ w 

^ 1  " W k> cx ̂  Qb 0- ^ r &< oo| *> 
5 * 

c 
i 
i 

e 

o 

0 
c 
« 

0 > 
c 
5 < 

< 3 

e 
5 
e > e 

> 

> 

.M i.» I«» 'JTOH OIJTO»* 

TPRC 



I ■f 

116 

I 

w 

2 
w 

^ 

a. 

I 

si 

o 
u. 
z 

|      &   04 
'S    N 
§ * 

I 1 .t 
s 

1 o 
...    m 

5 1 
a d o 
a •o   2 ü 

1 
ü N    S 1 A 

|l « 

CM •3. 
(0        fcl               N 9 o 

00 

8 
2 

0» 

a» 
• | 

CQ            A a» a « 
•^ o 

hi (-1 ^ 
»n O                N <N i m L% >« .H pell [w 55? o d o 

■*               O w o L^ i     8 a § o 
S". N                  rt r-l CO r* N ci             oi ol ui A rl s     s § i 

•"r f-t o K- ■«•                    »H »-H M i-H 

ci              -i i 1 Ji r «o           to <D to to 

N O          D < o > 

TPÄC 



sf" i,   . 
V 

8 

« o 

I i- 00 

« 

Specific Heat, Btu lb"1 R'1 

o 
o 

- ■■ 

i 1 

- —j  f             f~' i                               i 

II                       '       i 1 1 

I 
i !     !            '     1      ■ 

1         i         i                   1         !         ■ 

! 

V                    j~ 
i  ^_____.___L 

!      :              i       i              i 

i 
i 

I '      1       ll!              ! 

1 ,    1       i 

1      i 

\ 
^ 1           1           ■           i 

j      , i      . i        1        1 ,      i 
. I   ...... j 

i   "L !         '         :         ■                  i i "   i 

i V i i       !       i       i      :       : 
A 1 ;   L V 

J 1           i           ill           1           1 
1 

T 1          ' 
T I                                        1             j 

] J|        ^ 
j           i_ 4                   '      '      i 1 

i ö 
I ■          ........ |       ,       . 

}  .           1               II 1         1 
i       ;       i               ■       :       ' 

\ i           1                        :           j 

) 
■    i    ■                   |                       | 

1                         ;                         : - • : L 
!                          !        i .jlip____J ■ ._   . ..—I—J—I   .1 „ 

1         i 

j \ 1                              ! 

i            ! 

5u^          r       xn 
1 

"T~1 - 
^hi 

^r^«tw 
- ^^ lw 

it - it ^^^'»^d T   ' •      !                         1 

s 

o o to 

s o 

o o 
t- 

i 

00 o 
d 

§ 

.511.8 [Bo ')B8H .MJIoadS 

117 

u 

CO 
D 
0 

Ü 
i 
i 

H 
< 
W 
33 
Ü 

U « 

/ 

I 

?     f 

TPRC 

/ 

/      , 



lib 

M 

o 

5 u 
u 

IS 
s 

& 
o 

z 
o 
H 
< 
s 
K 
o 
h 
2 

W 

U 
2 
U 
05 

u 
K 

1 s s a> 

r ■8. 

a 

1 
a 

1 

U 
■ M —* 

a o 1   0 o 
1     4^ 

0 6                                                                                                                                         j 
0 

■o 1 C3 

1 
Ü 
A 
(N 
O 
o 

c 

1 « i ^* a o <                                                                                                      1 
1 S •o CM                                                                                                                                                                                                                                f 

9 1 O 

d" 
d 

M w                                                                                                                                                         1 
< 0~ 
o 
o 01 

9> 
a e> 

n' n                                                                                                                                                                                                                              1 o 0 
v V                                                                                                                                                                                                             1 
O u 

r^ 
tes 

o 

|    M O 

L^ 00 i 
Sä M I ^ 

p O 00 
m 

o ■<f 
MM'      1 M "H 

1 
n ■ 

IN r to « 
Ifi'SI p O < 

TPRC 

7 



V 

Thermal Conductivity, Btu hr-1 fr' R -1 f,-i n.i 119 

OS 
o 

s 

* I 

«em**«                  N"                  oc 
■   -      -         ^      ^      ^                  x.      -.^ 

0 

'......                                                                                                   c 
1                                               1 

1 
.1 

1                 J          1 

+       ^"     -rf 1   ^i 
IJc    1 

i      /rt 

rCj 

/ 
1          ' 

i        it         it"   d  i 2LH   h~ 
/ : 

/         i 
i i       J U    -t-JlJI 

t-/                  ^    4_ 
/                                              ' 

/                  ! 

it           -^        itlt'i-   - itlt                   ^-t        i          tlt it           ^              Tit ' -it                         it^      it      tUttllt ±7             xitit /                           i 
9'         >^           a                     i      |            1 

^                                                           M                                                                I                   j                                      1 

^r4^               .^^  ^ 
.^j*:'

mm"                   i**^         "ü           "    " 

ii 

i 

i 
-_—; .- . -- 1  

s 

© o 
U5 

o o m 

§ 

o e US 
o 

s 4» 

o o 

§ 

« 

i 
s 
w 
Ü 

B 
Q 
Z 
O 
o 

/ 

oc CD o CD to 00 

o o 
IN 

O 
o 
o' 

i 

tfil x j-M i-wo j.oas l«o 'itjiAnanpuoo iBtuaaqj, 

TPÄC 
f 

•/ 



120 

•jjj 

ijS 

t   1 ai               0 
•v 

2             I 
•             ■ be            n 

fci        u 3                  1- 
ä M     3 2        u 

a 
i 

8    8 
ig    a I-*  i 

& 5   5 ■a   *J     «i 

5   ^ 111 
all 

o     o 
o      in 5   a    1    c 

CO         «     .3 
S    C       M    t3 

ills 
a   ts 
41         01 
h    h 
fc      b Ü           w 

s      51 
•2     Ä 2      a 
&     * 
9       6" 8      & 

u     o 

a 
o 1     1 

•■^ «a 

S   's 01 
O 

«M S    s 
o §         M 

1- o     S 

u 
f~4 
a 
i 

CO o      a» 
•a 

M 
o     Q Jp 
^     « 
^     "     • ü      T3     c 

S     §   .2 
m                   -^ ?    6' & 

*    2 o    u .S 
0.         00       n i    9 
O          05 Ü          o 

.^ 
*■*   in 
S-o 01  ^ 
as E 

M 

in            to 
Ui |>          «f ■«            o 

35         O a>            o 
a0 CO         I- ■rt                    OI 

is I            1 
o       t- 

1                       1 
O                    C-l 

0) ^ M         -H •rt                    05 H J n      n t                    M 
▼■l                    ^ 

i TT      -T t                    -f 

M         M N                    M 
in      in cc                <C 

5 <      t> o       a 

TPRC 

4— 



\ 

Thermal Linear Expansion, percent 
121 

o 
to 

o 
in 

o O 

4 

o 

u I 
I 

o 
o 
a» 
te 

o 
o 
<c 
<£> 

O 
o 

<c 

o 
o 
o 
to 

o 
o 
t- 
m 

? 
§ 

o 
© 

9 
o o 
in 
•»■ 

o o 
IN 
1< 

o 
o 

o 
© 
to 
CO 

o 
o n 
CO 

© 
© o 
n 

o 
o 

o 
© 

CM 

© 

© 
o 

o 
© 
CO 

— — ■ - 

— 
! i— 

I 
' 1 

1 
—I— 

| 

! 
— — — — — 

- 1 
i i i 

T 
i 

i .. , _)—   .__J  
,,|.   ,. 
  

i - i 

—t—— 
i 

i 
._ _ ^—, 

i 

i 
i 1 

T 

I 
1 

' 1 
1 
1 

! 

'I 
. i 

I 
1 

- 
- 

[ i i 
—4—- 1   , _<— - - 

i 
i i 

! 
i 

— i 
i 

i 
i 
i |     1     i 1 

1 

  

1 
i i i i 1 

1 i . J 

i 

— 
i 
i -_ 

1 
I, 

1 
| 

- | 
1 

i 

i i 
1  J 

i 

r 

J_ 
■" i T 

! 
-- _J— i  1 1 ( i 

-  i i 1 
i   

n i 
n ;D D 

i i 
* 

, 
i 

.   4 1      t 

I 
i   

I | I 1 
1 i 

i 

i 

j i 

—p- 
i i 

1  !  I l 
I 

- 1 
l 

i 

l 

j  . 

i 
) i 

i i 

1 , ! 1 
i 

- 
1 lu 

i v_ 

i 

1 
1_ ! 

\ 
i 1 

, i <k 
- I 

i 
i   

I 

! 
i Vi | i i 

i % - 
  

: 1 

— - 1 
i 
I l> n 

l i 
'1 

i 1 
1 * 

_L.-. _]___ 
i 

__L_ 
i 1 

i. 
- i 

i | 
fl bl i 

j 

i 

1 

—!—- 
i 

- : - 
i n 

"T' ' 
f 1 

- 
1 A! 

i 
i 

i 
% 

1 
1 j 1 

- 
i 

1 
_J  1 

— 
i \ 

i 
i i i ^ 

- i 
i i 1 i 

l 
i i 

i 
i 

i ) 
1 i i 1 

1 i 

s 

§ 
M 
M 

O 

s n 

o 
o 

§ 

o 
o 

o 
o 
X 

o 
9 

s 

o 

I 
4) 
H 

§ 
B 

• 

Q 

3 
n 

© 

to" 

o 
in 

o © © 

pi 
o 
o' 

o 

juaojad 'uotsiredxa J«8un JBUijanx 

TPRC 



122 

i 
X 
H 

u 

^ 

0) 

« 8 
«I 

■D 

u 

3 
Ü 

O 

3   S 
f s 
o 

d s 

m 
i-H 

I n 

T 
to 

to 

i 

IM 

to 

n 
t- 
N 
-4 

I 
00 

eg 

in 

n 
<o 

I 

d 

o 
Ü 

TO 

TO 
to 

12 

TPÄC 

' «. 



z 
o 

< 
s 
a 
o 
u. 
z 

u 
z 
K 
U 
h. 
U 
05 

123 

fro 
OS h 

w 

Eg 
H 

S 

is im*0 

§ ^ 
O M 

■O    o 5 •g S fl 

0) 

3    -a 

.a 

I  *  1 5:1    i.    to 
no« 

■2  -g   u- 

1 ü ü Sf 
•a o r- ji 
« LO o .a 
jts •-• •' K 

e 

CO h 

- S 
be o 

S E 
o 
d 

i 
CO 
o o 

o 
o 

I 
3 

9 

»5   H 

o"   « 
i    d 

21 

o   o 

f 

I i 
a    M 

a   w 

I i 

3^ 
i «i 

ja   a 

M 
t- 

m 
i « 

to 

8    ? 

2 S 01 V 

1 a 1 
8 ?! ■Ö Ü 

M 
«-4 

! 
a a ^H CD 

o ^ 1 2 a 
s § 8. « 
eg « 43 
a. 

N        CO 

n     « 
i        i 

n     M 

C3 

I 
oo 
9) 

I 

to 

/ 

Ü 

I 
n 
9) 
et 

TPÄC 

*/ 



I 
124 

Hemispherical Total Emittance 
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Normal Total Emittance 
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Normal Spectral Emittance 
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132 Specific Heat, Btu lb-1 R-1 
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Thermal Linear Expanaion, percent 
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Nürmal Total Enüttunce 
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Normal Spectral Emittance 
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Normal Spectral Reflectance 
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Specific Heat, Btu lb"1 R"1 
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Specific Heat, Btu lb-' B" 
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Thermal Linear Expansion, percent 
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Electrical Resistivity, ohm cm 
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Specific Heal, Btu lb"1 R"1 
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Vapor Pressure, mm Hg 
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PROPERTIES OF DYSPROSIUM OXIDE 

MOST      PROBABLE      VALUES 

Property C.O.S.    Units Brit.   Eng. Units 

Density  

Melting Point  

8. 556* 

2613 

535 

4704 

Handbook of Chemistry and Physics.   (Ref.  64-16) 

KKPORT ED      VALUES 

Melting Point 

O  2613 i 10 

ü  2613 

A  2613 ± 10 

R 

4704 ± 18 

4704 

4704 ± 18 

TPRC 
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Thermal Linear Expansion, percent 
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PROPERTIES OF ERBIUM OHDE 

MOST  PROBABLE  VALUES 

Property C.G.S.   Units Brit.   Eng.   Units 

Density  8.65 540 

REPORTED  VALUES 

Density gem 

O     8.65 

lb ft"3 

539. 8 

TPRC 
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Specific Heat, Btu lb"1 R-1 
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Thermal Unaar Expansion, percent 
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Normal Spectral Enilttance 
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PROPERTIES OF EUROPIUM OXIDE 

MOST      PROBABLE      VALUES 

Property C.G.S.   Units Brit.   Eng.   Units 

Density  7.79 

2323 

486 

4182 Melting Point  

REPORTED      VALUES 

Density 

Melting Point 

g cm 

D     7.79 

O     2323 ± 30 

lb ft"' 

486.1 

R 

4182 ± 54 

TPRC 
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Specific Heat, Btu lb"1!* in-l 

n 
PH 
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Thermal Linear Expansion, percent 
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PBOPr.tiTIES OF GADOLINIUM OXIDE 

MOST      PROBABLE      VAIUFS 

Property C.G.S. Units Brit.   Eng.   Units 

Density  

Melting Point  

7,64 

2623 

477 

4721 

Density 

REPORTED      VALUES 

g cm"' 

□ 6.97 

A 7,64 

V 8.22 

< 7.40 

lb ft"3 

435 

477 

512.9 

461.8 

Melting Point K 

O     2623 ± 50 

O     2603 ± 20 

4721 ± 90 

4686 ± 36 

TPRC 
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Thermal Conductivity, Btu hr"' ft"' R-' x lO*1 
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Specific Heat, EEUUT'IT1 
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Thermal Lineiir Expansion, percent 
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190 Vapor Pretsure, mm Hg 
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PROPERTIES OF HAFNIUM DIOXIDE 

MOST      PROBABLE      VALUES 

Pro per ty C.G.S. Units Brit.   Eng.   Units 

Density  

Melting Point  

9.68 

3173 

604 

5721 

REPORTED      VALUES 

Melting Point 

O    3173 ± 25 

Q    3085 

R 

5721± 45 

5553 
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194 Electrical Reelstlvlty, ohm cm 
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Specific Heat, Btu lb"» R-» 
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Thermal Conductivity, Btu hr-1 ft-1 R-1 
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Thermal Linear Expuuion, percent 
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Normal Total Emittance 
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204 Vapor Pressure, mm Hg 
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Specific Heat, Btu lb"1 R"1 
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208 Thermal linear Expuiion, percent 
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Tharraal linear Expantlon, percent 
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PROPERTIES OF FERROFERRIC OXIDE 

MOST      PROBABLE      VALUES 

Property C.G.S. Units Brit.   Eng. Unit« 

Density  314 

1811* 

5.03 

3260* Melting Point  

Handbook of Chemistry and Physics.   (Ref. 64-16) 

REPORTED      VALUES 

Density gcm" 

O 5.03 

Q 5.01 

A     5.06 

Ibff 

314 

313 

316 

TPRC 
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214 Electrical ResiBtivity,  ohm cm 
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Specific Heat. Btu lb' ■ K i n-i 
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Specific Heat, Btu lb"1 R"» 
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Specific Heat. Btu lb- • FT' 
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222 Thermal Linear Expansion, percent 
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Normal Spectral Reflectance 
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PROPERTIES OF LANTHANUM OXIDES 

MOST     PROBABLE     VALUES 

Property C.G.S.   Ui Brit.   Eng.   Units 

Density  

Melting Point  

6.66* 

2483 

409* 

4470 

For LajOj - A. 

REPORTED      VALUES 

Density 

O   LaO 

A   LajO,-A 

V   La,0, - C 

Melting Point 

O   LaA- 

gem"' 

7.114 

8.56 

5.84 

K 

2483 120 

lb ft-3 

443.9 

409.3 

364.4 

R 

4470 ± 36 

TPRC 
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Specific Heat, Btu lb"1 R"1 
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Thermal Linear Expansion, percent 
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232 Vapor Pressure, mm Hg 
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Specific Heat. Btu lb- > IT' 
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PROPERTIES OF LITHIUM OXIDE 

MOST     PROBABLE      VALUES 

Property C.G.S.   Units Brit.   Eng.   Units 

Demlty  2.013 

1973* 

468.5 

4697 

3617 

126.5 

3551* 

843.3 

8455 

6331 

Melting Point  

Heat of Fusion  

Heat of Vaporization.... 

Heat of Sublimation .... 

Handbook of Chemistry and Physics (Ref. 64-16) 

REPORTED      VALUES 

Density g cm"* 

2.013 

Heat of Fusion calg"1 

A 468. 5 

Heat of Vaporization cal g"1 

V 4697 

Heat of Sublimation calg-1 

D 3517 

lb ft"» 

125.5 

Btu lb-1 

843.3 

Btu lb-1 

8455 

Btu lb"1 

6331 

TPRC 

T 



2.'I? 

I 
a 
4) « 

u 

o 

o 
w 
S 
H 
05 

O 

g 

U 

H I 
i 

to" 

9.  <?.  9.  9. 
a a 3 a 

00 00 oo oo «> 0> A a> 
P) N N N 

IA 10 M H 
C4 N N H 

I I          I I 
"H H H eo 
fO (O (O V 

O     <     >    G f 

7" 

TPRC 

.K 



238 
Specific Heat. Btu lb~ > R* < 
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240 Vapor Pressure, mm Hg 
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Specific Heat. Btu lb"« FT1 
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PROPERTIES OF MAGNESIUM OXIDE 

MOST      PROEABLE     VALLES 

Property C.G.S. Units Brit.   Eng. Units    | 

Dunsity  3.77 

3223 

235                           1 
5802 Melting Point  

REPORTED     VALUES 

Density 

Melting Points 

gem" 

O 3.6 

< 3.39 

O 3.77 

V 2.04 

> 3.4 

o 3223 

3073 

lb ft"2 

225 

212 

235 

127 

212 

R 

5802 

5532 
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Thermal Linear Expansion, percent 
259 

o 

I 
4) 

O                                 0©000                                 OG 

a  V                    n                    M                   4                    o                    -t                    ej                   c 

I- 

i - 

«o        ... 

s -                          i 3     -•-■■ 

g_ 
* 

o     - 
S 

i 

g 
1 "                                                  O                      3           3 

§ -     it                  X         Zu     It in 
*                      c 

o       it      ^^                                                                      it 
i "         ^ it 
l-lt        ^v "t             VS-                             it 

§ -                ^^»"J 
"                           ■ "zi" pr r' r 

?                                   Vc^ ^                     S3L>           ! 
"    ♦^'r 

N                                                            J I 

2                                                            % 
|    -      I                                                                   JB 
"                                                                                  * 

I'                                ^II 3 

8                                                                  t_ 
1* 

■'    ■    f  ■               ■ ■              ■ - ^                    ■ ■    ><  

§ ■ 

».It          itlLJ«.           J_          _L_ 

s 
CO 

9 n 

s 

? 

s    « 
2     H 

S 8 

63 

i 
Q 

g 

9 e 
-I -I 

i i i 

lUKuad 'aoffliradxa «»un i«au»qx 

TPäC 

7 
>    .* 



260 

|2 
B! U 

«s 

to" 

13   d 

i  t5 I   & 
•s f 
1 & 
I § 

11 
II 
1 

•a 
o 
.s 

a. 

.0 

& 

I 
o o u 

4) > 

5 

1 
o 
o 

T3 

I 
e 
e 
.2 
ü 

Ä     X 

g 

M 

3 a 

.2 

I S 
bS E 

St 
<o a* 

s I 11 
s .a   , 
I £ I 
15 I 3 
* t  «i 
I » * 

■8 A ^ ^ 
s 

1 

I 
13 o 
ü 

I 

-H n ^ N m 
r4 t- t- r- 
to N 

H 3 H 

35 n 00 00 00 
A « a> a> 

N N N N c^ 

^ 
in m r- 
7 n N 

s CO 
to s s 

♦    <3 

TPÄC 



z 
o 
H 
< 

K 
O 
u. 

u 
z 
u 
K 
U 

u 
« 

M 

d^5 

es w 
H 

£ 

J2 

o 
in 
5 
a 2 

J 

•3   3 
8   • 

& 

I 
s 

^?   o 

a 

^  « 

•a 
2 
I a 

| i s  r? 
2   S   t< 

•a .. 'S 
ä _. »»H O U m 
Ü 

8 

H     " o 
d   55 

> 
US 

| 

_ 4» 

* g c 
3 S ü. 
.  d * 

o O 
a u • 

51 

V     cd 

r 3 
o o 

I 
n 
S o 

£ 
CO     © 
4)     ö 

to 

o 
I 

© e 

4? 

9 o 
be 
s 

Hi 11 1 

«^6 2"! 

o s 
c 

s e 

4) 

e 

d 

ed" 
U 
© 

■ 

S  1  >  z   3 

© 
i 

§ 

a 

.1 

2'JI 

© 
a 

i 
00 

3 • 

3 

n 
M 
M 

I 
s 

U5 in 

n 
i 

s 

s 
7 
S 

<0 

I 

s 
© © 

I 

: 
i 

7 

TPRC 

•  > 



I 
262 

■ 

i 

z 
o 
H 
< 
s 
s 
o 

z 

u 
z 

OS 
u 
u. 
u 
a 

ü 

3 
3 

I 
1 9 

w 

H 

iS 

jy0 

n 

i n 

X) 
M 

I 

3? 

t- 

i « 

I 

3? 

n 

I 

I 

i 

s 00 o >* 3> 
M rH 

s? 35 
N c 

© 
W f 

ABA 

A       to 

a   < 

TPÄC 

" 



V 

Solar Absorptance 263 

K 
o 

e 
m 
et 

e 
lO 
ei 
CM 

e 
10 

o 

s 
IA 

a 

a 
o ■A 

s 

e 
IA 

e 

8- 

S- 

e 
lA 

O 

w 
o © e e 

.... 

. 
1 

S 
s 

- 

■  ■ f? 
H 

a 

; 
— 

■ 

• ■ 

. i   . 
>H ':: ü. ;::' h.'i 

^ 
. ■ ■■ '•■• 

• ■ . ♦ i • ■ • 

;- 
;.- !::; 

; ' *"* 
Üii 

— •«- *' 

1 ::"•; :;:: 
:::: ;:'; ".: 

*   ; [ i::i 
* • < ■ iiii iiii i:i: 'üi 

_ i'i: 
'.       \ 

■::: •' i' tf;: ■:i: • ■    *■ 

:::i 

. * i 
• i •♦ iiii ;:•.: :r;:: üü* f •■-•- iüi iii' üi: 

;;; ; üi: 
9 

- 
. .-t. ■ • ■ -': 

. j . «- ■iii irir ■ ,*■-* ♦ * t • •• ::;: 1 

:•:• ^ :•;: 
:::: 

:i:: /:,., ••':: :'i: ' *   ' 
S  : iii i;ii. 

^ • l;'- 11; ■ 
:'' i: 

■;.: 
:- 1 • ..'. 

— 
, ♦ ♦ . 

■ *: ■ 

. . 
::■ 

1    • ' ;;; i :.••■' ::: 1  " 
eg 

* • • 

i 
■ ♦ 

. i ■ • 
. . 4 ■ .    '. '• 

< ; 

■*■. t - 

- 
■■♦ ■ ■ 

.-•• 
* . •♦ 

:ri. 1 ITT; 

■ . * -• 

• ■ i ■ i:i. 
T 

... i: ii 
!'i; i:'i ii:: :ii: ' 

;;:: 
' *' "ii. ::;• 

. ■ ■♦-•- 

s 
01 

_ :!:: iiii iiii iiii 
* *   ! iiii. il'i ii:; ■*•-•> * -—T 

^ii ÜÜ iii: iiii • •• t 
> . i > 

11 + + 

• *-• • 
ut: ' * 7^. in: 

- ! i1 
i il iiii .' i i ^ 

•:  : 
;;:■ 

.... 

.... :ii ;i:i :,; 
iiii fuj iiii ^ *■♦♦■ 

! i' 
:i:i iül iiü 

iiii 1.1 Hü 
t • i! im 

*■' jl 

üü üü iiii 
I!' i 

üü iiü 
.1:; 

Iiii nii im Uli iiü üü iiii Ii i ü li 

§ 

s 

o 

8 
i 

i I 

s 

e 
4 o o o 

i 

U 

3 s 

i 

.- 

I 
aanvyljoflqv «log 

TPäC 



I 
264 

■ 

f 
J 

2 
1 

I 
V 

OS u u 

11 

■     i 

O     <3 

TPRC 



Normal Total Emittance 
265 

o 
4 

§     _ 

o o 
in 

§     _ 

as o 
0. * 

I 8 H 1 
§   _ 

s 

o 
00 

o o o 
in 

o e 
e 
o 

i— T  

! — 
T  

1 
i— 
i 

- 
i 
t 
i 

>      j 
i 

— 
i 

—- — i 

i 

— ^ 
\i > 

N 
— ^ 

\ i ^ 
^t 
\ 
\ 

vc 

— N ^ 

< 
4 *? 

—   . * b 
• ij 0 

1 ' 
— ^ J • 

l a 

— . y 
fä 

i 
0 

> r <* 

i 
i 5 K 

— ;_ 
■ 

-4 L 
::: >r 

- i 4 
■ 

■ i 
4 / . 

- 

— 
—■ 

i 

i r/i 
:      ... _ "-'   

0 

i r l | — 
i 

i 
! 

i ■   1 
i 

- 
■ 

Ü 
1 

... i... — .— 

.., 

— 
■ t • t jjjj, ;■ i .i 

o e 

§ 

S 

s 

00 

9 o 
« in 

o 
n 
9* 9' 

s 

--,   s 

9 
9' 

z 
ü 

I 
I 

u 
ü 

< 
H 
H 

1 

I 

.>JUB))|UI3   IBIOX  |CUUO{J 

TPÄC 

-A — 



266 

z 
o 
H 
< 
as 
« 
o 
z 

Ui 
u 
z 
u 
as 
w 
u. 
u 
as 

I 
a 

I 

•i 
Hi 

II 

I 
I a e 
I 
a 
s 

I 
a 

u 

s 
1 

I 

i 

i 

s 

f!! 

a 

10 

1     J a 
« 

wan 
8   P   S 
H W -H 
I I I 

<*>     t     n 
t-     *     »- 

e 

I» s 

t> M» r- 
M M <* 
I I I 

s s s 

•   <   > 

T t 
3 

TPäC 

«. 

7 
'  '.- 



Normal Spectral Emittance 
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Normal Spectral Reflectance 
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Specific Heat, Btu lb"1 H"1 
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Specific Heat, Btu lb-1 R"1 

00 
es 

8°' 
M 

O 

< 
e 

< 

9 

9 c 

0 

5 < 
3 t 

< 

0 5 i 
< i 

1 
i 

1 
s 

8 

1 
1 
i 

§ i 

2 1 
i 

8 

8 

8 

• 1 1 
i 1 1 

—"i— 
i i 

i 
j 1 1 

1 t 

1 - 
1 i 

1 
1 

1 

I 

1 

1 1 I 1 
i 

1 1 
- — —— "  

1 I i i 

1 ! 1 

i" 1 1 
i I 

1 
■*4 I 

1 i 

1 

§ - I 
1 i 1 ( 

«4 

; 

1 - o 1 i I 
1 

i 
* ** 1 A 1 ' ! I 

1 

1 I I i 

1 - i 
1 1 

1 1 

1 
.... J  . 

i ! j 

1 1 ! i i 1 
i- i 

| j 
i I 

u 

1 
1 

j 
1 § 

8   . I i 
i i i i 

; 1 
V 1 1 i 

i 

I 1 

1 

1 

i I s 
x   i- 

1 
1 
i 

I j i i u 

?       5 i 

1 J \ 1 
i 1 i i 

i 

5 
3     8- \ i 

I I i 
'A 

1 
1   8 1 j 

\ 
1 

i 

1 i 

"■T~ 

1   il 
1 

l 
1 
1 r\ 

1 ! H 

i | \ 
1 ! 1 

1 3 
1 i i 

| 
1 
• I V i 

1 
u 

2 - 1 1 1 

\ ^—_-.      -    - 
1 

i I 
• 

is 
1 1 , i \ 

i u 

§- 
■ 1 

I 
1 

t i o 1 
1 

—,_ 
03 

1 I \ i 

50
0 

.  
   

.1 1 ! 1 
■% L_    .  . 

1 

i j ! ! v . 
8 - 

1 
-  

1 N. ^.r- 
1 

f f x ] 
i 

o 
i 

; 
; 

■ 

j, i 

1   - 1 I i i 1 
j 

! 
1 1 n ■^ s. ' 1 

8- i T i 

1 i Js b j i 
1   

) 4* -UH4- NE 
i 10

0 i 
I ^ ■   ! 

1 ! i i 
—: — 

1 I 

o  « 
I 
1 i  i 

r 
i 

!  1 i i 

^ 
e 

> 
i 3 

a 

c 

e 

> 

> c 

> 
i 

e 
J 
> 

3 
c 

c 

0 > 
> « 

S 
> 

i 

e 
1° 
> 

I-3I u* I«> '»»»H afjia»* 

TPBC 
}</ 



c^f-J 

276 

1 u 
1 u 

H 2 
< u u 
X K 

4 a u. 
u. 
M u 
o a 
u 
a 
w 

4) 

B 
(0 

o 
§ 

1 
et 

1 
h 
41 > 

i 0 

u 

i 

& 
Da 
e 

i.   9 
3?      * 

8 s 
t» M 
J -1 
85 o 

O      < 

TPAC 

T 



-*♦■■.*:/ 

V 
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Thermal Conductivity, Btu hr"1 ft'1 B-1 
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Thermal Linear Expansion, percent 
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PROPERTIES OF MOLYBDENUM OXIDES 
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MOST      PROBABLF      VALUES 

Proptrty C.G.S.   Units Brit.   Eng.   Units 

Denaity  4. 692* 

1068.36 

87.1 

"^OK 

293* 

1923.1 

156.8 

319153QR 

Melting Point  

Heat of Fulon  

Heat of Sublimation .  .   .  . 

For MoO| only; handbook of Chemistry and Physics (Ref. 64-16) 

REPORTED      VALUES 

Melting Point 

O MoO| 

Heat of Fusion 

O MoO| 

Heat of Sublimation 

A Mot given 

O Vapor phase MO|0| 

V Vapor phase Uofia 

< Vapor phase MO|Ou 

> Vapor phase mixtures of 
MojOfc Uofitt, and 
MO|Otf 

K R 

1068.36 1923.1 

calg"» Btu lb"« 

87.1 156.8 

calg"« Btu lb"» 

442.6928K 

186 i3850K 

7M- 61671R 
335 *6163aR 

163 i3 

147*5 
850K 

850K 
177 850K 

293 i5 

264*9 
1630R 

1530R 
319 1630« 

rPiic 

r— 
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PROPERTIES OF NEODYMIUM OXIDES 

MOST      PROBABLE      VALUES 

Projitrty C.G.S.   Units Brit.   Eng. Unite    | 

Denalty  

Melting Poing  

7.277* 

2545* 

454* 

4581* 

*For NdjO, only. 

Density 

D   NdO 

A   Nd2Oj 

Melting Point 

O  NdjO, 

REPORTED      VALUES 

g cm lb ft -i 

8.18 510.0 

7.277 454.1 

K R 

2545 i20 4581*36 
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' 

TPRC 
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V1 

MOST      PROBABLE       VALUES 

Property C.G.S.   Units Brit.   Eng.   Unite     j 

Melting Point  

Heat of Fusion  

1769 

92.5 

3184 

167 

REPORTED      VALUES 

Melting Point K 

0 1713 

a 178b * 5 

A 1759 

0 1738 ± 5 

• 1762 

■ 1758 ± 5 

▲ 1760 

▼ 1769 

Heat of Fusion calg-1 

V 92.5 

R 

3084 

3213 ±9 

3167 

3128 ±9 

3153 

3164 ±9 

3168 

3184 

Btu lb"1 

166.5 
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PROPERTIES OF PLUTONIUM OXIDES 

MOST     PROBARLE      VALUES 

Property C.G.S.   Unite Brit.   Ei«.   Units 

Density  1L46 
2563 

^IMOK* 

715 

4695 

W0340aB* 

Melting Point  

Heat of Sublimation .... 

L_ 1 
For PuO only 

REPORTED     VALUES 

Density 

O   PuO, 

Melting Point 

A   PuO, 

Heat of Sublimation 

O   PuO 330 1900K 

gom~* lb ft-» 

11.46 715 

K R 

2553 ±30 4596 ±54 

oaig-l Btulb-« 

590, 3400R 
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PROPERTIES OF PROTACTINIUM OXIDE 

MOST     PROBABLE     VALUES 

Property C.G.S.   Units Brit.   Eng.   Units 

Density  13.43 8314 

Density 

REPORTED      VALUES 

gem"1 

O     13.43 

Ihft-« 

«38.4 

TPRC 
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PROPERTIES OF SAMARIUM SESQU1DXIDE 

MOST      PROBABLE      VALUES 

Property C.G.S.   Units Brit.   Eng.   Units 

Density  

Melting Point  

7.4* 

2620* 

460* 

4720* 

For SmjOj only. 

Density 

Melting Point 

REPORTED      VALUES 

V 

gem ' 

0 6.0 

A 7.4 

V 7.74 

< 7.62 

K 

0 2623 i. SO 

0 2573 ± 50 

rPÄC 

lb ft-' 

375 

462 

483.0 

475.5 

R 

4722 ± 90 

4632 ± 90 
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PROPERTIES OF SCANDIUM OXIDE 

MOST     PROBABLE      VALUES 

Property C.G.S. Units Brit.   Eng.   Unit« 

Density  3.69 

2678 

224.0 

4820 Melting Point  

Density 

Melting Point 

REPORTED      VALUES 

g cm 

O     3.59 

K 

O     <2678 

lb ft"» 

224.0 

R 

<4820 
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PROPERTIES OF SILICON OIQXIOE 

MOST      PROBABLE      VALUES 

Property C.G.S. Units Brit.   Eng. Units 

Density  

Melting Point  

2.65 

1708 

166 

3074 

REPORTED      VALUES 

Density 

Melting Point 

T 

gem-* 

o 2.545 

D 2.298 

A 2.604 

V 2.301 

<J 2.609 

> 2.324 

0 2.613 

• 2.290 

■ 2. 65 ±0.06 

K 

A 1708 

TPRC 

lb ft-» 

158.9 

143.4 

162.5 

143.6 

162.9 

145.1 

163.3 

142.9 

165 ±4 

R 

3074 

'' 

i 

\ 
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PROPERTIES OF TELLURIUM DIOXIDE 

MOST     PROBABLK      VALUES 

Propi-rly C.Ü.S.   Unit« Brit.   Eng.   Units 

Density  6.67* 

1006. 8 

360908K 

364* 

1810 

6491629R 

Melting Point  

Heat of Sublimation  .... 

m 
Handbook of Chemistry and Physics, 46th Ed. , 1964 

HE PORTE I)     VALUES 

Melting Point K 

a 1006. 8 

Heat of Sublimation calg"1 

0 360nni:i 906K 

TPRC 

R 

1810 

Btu lb-« 

649 
1629R 
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PROPERTIES OF THORIUM DIOXIDE 

MOST PROBABLK      VALUES 

Property C.G.S.   Units Brit. Eng.   Units 

Deiulty  .   .   •   ■ 10 624 

Melting Point.   .   . .   .   .   ■ 3540 6370 

Heat of Sublimation .... 6472150K 11653870R 

KEPORTED      VALUES 

Deiuity g cm"1 lb ft"1 

8.65 540 

9.55 596 

10.01 625 

9.70 606 

9.75 609 

9.820 613.0 

9.68 604 

8.3 520 

6.58 411 

10.0 624 

8. 9 ± 0. 1 556 ±6 

7.5 468 

7.5 468 

< 7. 55 ± 0. 35 471 * 22 

> 8.6 537                                            i 

0 8.0 499 

0 9. 715 ± 0. 015 606. 5 ± 0. 5 

A 9.82 613 

Melting Point K R                                   : 

A 3273 5892 

0 3543 6378 

▼ 3493 ± 50 6287 ± 90 
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PROPERTIES OF THORIUM DIOXIDE 

REPORTED  VALUES 

Heat of Sublimation cal g"1 

O     644.8 
298K 

Btu lb"1 

1161. 0 537R 
647„ 

2J50K 
V      547. 1 

1165„ 

2828K 

3 87 OR 
984- 85090R 

TPRC 
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PROPERTIES OF TITANIUM OXIDES 

MOST      PROBABLK      VALUES 

Property C.Ü. S.   LInllB Brit. 
• 

Eng.   Units 

Density  4.0 2K0 

Melting Point  2113 3804 

Heat of Sublimation .... 2176 298K 3920636R 

•For TiO, only. 

REPORTE» VALUES 

Density g cm-1 lb ft"» 

0 TIO, 3.904 10.002 243.7 ±0.1 

Q TIO, 4. ISO to. 002 259.1 ±0.1 

• noj 3.66 228 

9 TIO, 3.02 244 

▲ TiO, 3.83 239 

▼ TiO, 3.66 228 

4 TIO, 3.86 240 

► TIO, 3.90 243 

♦ TIO, 2.69 161 

9 TIO, 2.64 164 

a Tio, 3.34 208 

< TIO, 2.62 167 

t> TIO, 2.64 168 

A TIO, 4.01 to. 01 260.3 ±0.6 

Melting Point K R 

A TiO, 1993 3588 

0 TiO, 2113 ^10 3804 ±18 

0 TiO, 2113 ±10 3804 ±18 

D TIO, 2113 ±16 3804 ±27 

A TiO, 2133 ±16 3839 ±27 

▼ TiO, 2143 ±16 3867 ±27 

^ TiO, 2143 ±16 3867 ±27 

> TiO, 2143 ±16 3867 ±27 

♦ TiO, 2103 3786 
1 , 
i 

t 
TPRC 

/ 
♦. 
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PROPERTIES OF TITANIUM OXIDES    (continued) 

REPORTED  VALUES 

Heat of Sublimation 

V TlOj 

▼ TiO 

< TiO, 

► TIO 

cal g"1 

17380K*6 

21060K±8 

2175298K±78 

1830298K±60 

Btulb"1 

3129ORtlO 

37900R±15 

3920
536Ri140 

3290536Ri110 

TPRC 
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Specific Hoat, Btu H)"' H"1 
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Specific Heat, Btu lb-1 R-> 
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Thermal Linear Expansion, percent 
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f 

PROPERTIES OF URANIUM OXIDES 

REPORTED VALUES 

Density g cm"3 lb ft"3 

O UjOj. 8.35 521 

a UsO,. 8.42 526 

A u3o8. 8.34 521 

0 UO,. 1,94 121 

V UO3. 3.60 225 

< UO3. 1.58 98.6 

> UO2and0.2 A^O,. 8,337 520.5 

UOj and 0.5 Al203. 8.260 515.7 

U02and 1.0 Al^. 7.449 465.0 

UO2and2.0 AI2O3. 7. 120 444.5 

UO2 and 0.1 Mn02. 7.975 497.9 

UOjand 0.2 MnOj. 7.613 475.3 

U02 and 0. 5 MnOj. 7.953 496.5 

UÖ2 and 1.0 Mn02. 7.942 495.8 

c U02 and 0.2 TIC^ 8.458 528.0 

0 UOjandO.S Ti02. 8.414 525.3 

▲ UO2 and 0.1 TiOj. 8.030 501.3 

▼ UO2 and 0.2 TIO2. 8.546 533.5 

^ UO2 and 0.5 TIO2. 8.403 524.6 

* UOj. 10.25 639.9 

661.7* 9 uo2. 10. 60* 

a UOj. 10.37 647.4 

A UOj. 10.95 6a3.6 

▼ UOj. 10.90 680.5 

< UOJ. 10.02 ± 0.1 625. 5 ±6 

► UOj. 11.11 ± 0.2 693. 6 ±13 

♦ UO2 and 0.1 CaF2. 8.611 537.6 

© UOj and 0.2 CaF2. 8.469 528.7 

0 UOj and 0,5 CaFe. 8.315 519.1 

B UOj and 1,0 CaFj. 8.107 506.1 

9 UOj and 2.0 CaF2. 7.449 465.0 

e UO2 and 0.1 ZrHj. 7.712 481.4 

« UOj and 0.2 ZrH2. 7.997 499.2 

9 UOj and 0.5 ZrH2. 7.569 472.5 

a UOjand 1.0 ZrHj. 6. 801 424.6 

Most probable value for this compound. 

TPRC 
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PROPERTIES OF URANIUM OXIDES (continued) 

REPORTED  VALUES 

Helt ing Point 

► UO, 

a uo,.,, 
B UO: 

■ UOj 

* UOj 

♦ UjO, 

K 

3153 ±20 5676 ±36 

3033 ±30 

3153* 

5460 ± 54 

5675* 

3003 ±30 5406 ±54 

925 1665 

1950 3510 

Most probable value for this compound. 

TPRC 
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PrtOPRBTIES OF VANADIUM OXIDES 

MOST     PROBABLE      VALUES 

1                   Property C.Ü.S.   Uii.ts Brit.   En«.   Units    | 

Density  3.357* 

963 

2000OK** 

210*                        | 

1733                          1 

36000K** 

Melting Point  

Heat of Sublimation  .... 

For V|0| only; Handbook of Chemistry and Physics (Ref. 64-16) 

For VO only. 

REPORTED      VALUES 

Melting Point 

A v,o, 
V v,o, 
O v2o, 
<J v2o, 
> v2o, 

Heat of Sublimation 

O   VO 

Ü   VO 

945 1701 

947 ±5 1704 ±9 

955 ±5 1719 ±9 

963 1733 

963 1733 

cal g"1 Btu lb"1 

2021«0K ±4 3638»0R ± 8 

19330OK ±9 3479»0R ± 16 

TPRC 

T 
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PROPERTIES OF YTTERBIUM OXIDE 

MOST      PROBABLE      VALUES 

Property C.ü.S.   Units Brit.   Eng.   Units 

Density 9.18 S72. 8 

HE PORT ED      VALUES 

Density g cm 

O     9.18 

-j lb ft"» 

572.8 

TPRC 
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Thermal Unmr Bxpuwion, percent 

H 

r 

9 > 

> 
1 

«s • •« 
m 

4 C > 9 
e 

a 

e 

»         ^ 
i        e 

> IT 

> a o 
f 

e c « >'         « -0
.1

 
10

 

1 | 

i 
1. 
1 

. ..._ _ 
,. ..... 

1 
....,-„_ —1— 

— i 

1 
- •    - 

1 
I 

1 i 
s 8 

1 

1 
«4 

§ n 

^             V 

i CD 

s 

|   - 
1 

1      _ 

l 

I. ...J. - 
1 ■( ■ 

i 
_. i_—. - j- -i 

1 -f- ...   i. i     ; 
1 

8 ! 

i 
i 

— 1—   - 

f 

i 

1 
-4 - ._ .    . « 

O
O

O
C 

i 

| 
■ ■ i-~ - j-- 

1 

1 
r*~ 

i 

I 
1 
1 

y tx — 4.— 
1 .:... ^ 

^ 1 

o 1 
i  ^ 

1 i   —f- . i I 

8 1 i ^ 
■ 

Q 

5? 
|- 1 0 

a 
M 1 . 

^v 
I          i           i 

i       .      !              i              1 
r    ■■ ■ 
1 

| 8 1 

i 
eg 

s 1 i 
--j— ~— ^ k 

i           i 1 
(             ..     . 

1     .    . 
H 

«     §- i i       i,l 1 

• 

1 8 - 1    S 
B       e 

—J— i 1 

1 
-- - 
\ 

1           ! 1 

i 
— 

1 

! 

■    V    1 i 
1 

^ 
c.       7 

;    i 
0. 

1 n ! 1 
1 

—' 
1 

1 

---j— ' 
V   J ..__. j    1 u 

[ i\ 
5 - 1 

1 

i 
i 

—•— "''tVTI —- - 

OS |- 
i 
i —.._ —;._.. —1— -—t— _. .,..:_V 

—-■ -- 

i 

•« i ; 1  '  i \ 
p 

u s 

1 T 
i 1 :   i  ' > 

\ 

• 

; 

H 

«4 j 
i 

j i i 

i — 
r 
t 

1 
1 
1 ]_ r~ !--- 

1 

1 1 

-\ 1 1 < 
i i 1 

—: — — i._ 
i 

—-— 
1 

I 

(\ i        • i 
i 1 

i 
i 1 

— '- — 
i 

t 
i 

-—•-  - 
n 

1" i 1 1 1 

8 
*4 

i 
i J 

 1  

1 

—j— 
T' 

i 

i 

1 

l 
1 l        " i I 

i 
i 

i 

I 
i 

1 
1 
) 

1 

i 

i 

—i. - — : -- 
i i 

O 

oo 

e d 
« 

o o 
*4 

o 
e 
o 

PH 

P 
r 

luaojad 'uoieuedxa jeaun ituuaqx 

rPÄC 



\ 

o 

IS 
o 
u- 

u 
z 

K 
u 

u 
OS 

I"2 
u 

g 9) 

H 

S 

I 
s 

I 
X 

. o 

fi 

> 

u 

I 

Ü 

•jf 

V 
JO 
Ü 

■8 
M 

« 
S 
2 
o I 
os 
A 

to 
I 

to 
s 
I 

to « 
to t- 
in •* -* -H 

« 00 
t~ 0> o> N 

^ 

•   a 

643 

TPRC 

L -^ 7 



I 
-*&■'* 

644 Normal Spectral Tranamlttanoe 
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PROPERTIES OF YTTRIUM OXIDE 

MOST     PROBABLE     VALUES 

Property C.G.S.   Units Brit.   Eng.   Units 

Density  5.05 
2683 

315.1 
4830 Melting Point  

REPORTED     VALUES 

Density 

Melting Point 

gem 

D 4.46 
A 5.05 

K 

0 2683 

lb ft"5 

278 

315.1 

R 

4830 

TPRC 
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Specific Heat, Btu lb-1 R-1 
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PROPERTIES OF ZIRCONIUM DIOXIDE 

MOST      PROBABLE      VALUES 

Property C.G.S.   Units Brit.   Eng.   Units 

Density  

Melting Point  

Heat of Sublimation   .  .  . 

5.7 

2983 

15(,00K 

360 

5369 

27000R 

Density 

REPORTED      VALUES 

gem"5 

A 5.80 

• 5.70 

■ 3.92 

▲ 5.4 

Melting Point K 

Heat of Sublimation 

D 2822 

0 3123 ±25 

▼ 2973 

♦ 2983 ±10 

< 31181130 

> 2473 

€> 2950 

0 ~29'r3 

e 2988 

cal g-1 

0 11392150K 
7 15090OK 

±12 

1277°. OK 

TPRC 

-s lb ft 

362 

356 

182 

337 

5080 

5532 ±45 

5352 

5369 ±18 

5612 ±233 

4452 

5310 

~5352 

5378 

Btulb-1 

20503870R±22 

2717» 

2295°. 
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Specific Heat, Btu lb" ' K r i R-i 
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Thermal ConducUvlty. Btu hr"1 ft"1 R-1 
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Thermal Linear Expansion, percent 617 
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PROPERTIES OF ALUMINUM OXIDE + THORIUM DIOXIDE 

REPORTED    VALUES 
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V 

Melting Point 

O     39.30 ThOj 

Q     46.33 Th02 

K 

2186 ±3 

2188 ±5 

3935 ±5 

3938 ±8 
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PROPERTIES OF ALUMINUM OXIDE + THORIUM DIOXIDE + BERYLLIUM OXIDE 

REPORTED    VALUES 

Melting Point K 

0     33. 36 lliOj and 12. 96 BeO 2082 ± 1 

R 

3748 ± 2 

TPRC 
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PROPERTIES OF ALUMINUM OXIDE + URANIUM DIOXIDE 

REPORTED    VALUES 

629 

V 

Density 

O     21 \fiilOi 
a     Same as above. 

g cm J 

4. 415 ± 0. 015 

4.58 

lb ft's 

275.5 ± 0.5 
* 

286 

TPRC 

-^ ■— . t. 

"Most probable value for this compound. 
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PROPERTIES OF ALUMINUM OXIDE + ZIRCONIUM DIOXIDE + BERYLLIUM OXIDE 

REPORTED     VALUES 

Melting Point K 

O      32. 67 ZrOi and 13.26 BeO        2043 ± 10 

R 

3678 ±18 
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PROPERTIES OF CERIUM DIOXIDE + URANIUM OXIDES 

Density 
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PROPERTIES OF NIOBIUM PENTOXIDE + ALUMINUM OXIDE 

REPORTED    VALUES 

Melting Point                                       K R 

O     11.22 Al,Oj.                               1718 3093 

0      15.93 AljOj.                                 1728 3111 

A     27.48 Al,©,.                                  1773 3192 

V     43.12 Al,©,.                                 1758 3165 
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PROPERTIES OF NIOBIUM PENTOHDE + BERYLUUM OXIDE 

REPORTED  VALUES 

Melting Point 

O 2.48 BeO, 

D 3.28 BeO. 

A 4.84 BeO. 

V 9.23 BeO. 

< 16. 89 BeO 

> 23.37 BeO 

0 28.91 BeO 

1643 

1643 

1713 

1718 

1713 

1723 

1723 

2958 

2958 

3084 

3094 

3084 

3102 

3102 
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PROPERTIES OF NIOBIUM PENTOXIDE + MAGNESIUM OXIDE 

REPORTED   VALUES 

Melting Point K R 

O     3,65MgO. 1708 3075 

D     4. SIMgO. 1698 3057 

A     7.05MgO. 1708 3075 

V     13. 17 MgO. 1758 3165 

<     30. 34 MgO, 1798 3237 

>     31. 27 MgO. 1818 3273 

0     37. 76 MgO. 1823 3282 
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PROPERTIES OF NIOBIUM PENTOHDE + TITANIUM DIOXIDE 

REPORTED VALUES 

Melting Point K R 

O      10. 73 TiO,. 1756 3165 

G      13. 81 TlOj. 1743 3138 

A     19. 38 TIO]. 1718 3093 

V     32. 47 TlOj. 1748 3147 

O     49. 02 TlOj. 1768 3183 
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Thermal linear Expuslon, percent 
777 

e 
QO 

e o 
to 
o o 

—r 

S 

i- 

S 

I 

i 1 

I 

i " 
1" 

§ 

zt 

I 
!   •   }■ 
J L 

c   • — 
o ■ 

i.   b  S   I 1— 

i 

\< 

l 

-M 

I 
S 

S r- 

i_ 

I 
i   * 

I 
I 

r> <o IA 

e e o 
«        n 
o e 

u 

s o 

u a. 

s 
s 
2 

z 
s 
< 

OS 
•< 
W 

I u 

5 

■ 

tuaajted 'aoieanlvg Jveun («uueqx 

TPÄC 

^/ 



I 
778 

• 

- 1 

i 
a- 

ä 

S 

| 

1 
Ü 

I 
-a 

n 

M 
M 
ci 

I 
a 

I 
o 

I 
U 

n 

M 
N 

I 

m 

n 

n 

TPRC 



V   . 

779 

PROPERTIES OF NIOBIUM PENTOXIDE f ZIRCONIUM DIOXIDE 

REPORTED    VALUES 

Melting Point 

0 16. 78 ZrOj. 

a 21. 19 ZrOj. 

A 28. 74 ZrO:- 

V 44. 65 ZrOz. 

< 33.2 ZrOj. 

t> 49. 9 ZrOj. 

1708 

1708 

1683 

1728 

1728 

1784 

3075 

3075 

3030 

3111 

3111 

3228 
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Thermal linear Expeaekm, percent 
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PROPERTIES OF SAMARIUM SESQUIOXIDE + GADOLINIUM OXIDE 
DYSPROSIUM OXIDE + YTTRIUM OXIDE 

REPORTED    VALUES 

785 

Density g cm" 

O      26. 3 GdiOj, 4. 8 Dy2Oj 6. 60 

and 4. 2 Y2Oj. 

IbffJ 

412 

T?hC 

■ 

■4 



786 

' 

o 

X 
o 

u 

X 
Ui 
Lb 

< 

i   & &                                                                                                       I 
Si Is                                                                       i s s 
o -8 

■* s ■vL   *                                                                                                                                   i ^   «* 
JS .. S. 

a 
9) 

OC a 5 ^                                                                          1 
3 ü S 
Ho 1 ? « 
S ^ -s i a £ 
8   'S   Ä 

«   e III 
1 -a 1 ■S    u    et 

1 e« 
*                                                                                                                                                                                                                                                                                                                                                                                  1 

0» 

Ö 

***                                                                                                                                                        i! 

§ ^ >• 
- M                                                                                                                                                                                                                                                                   ! 

v 
1 *** i u $ 1 u 00 
1   "-I 
1 a 

"*' § 
3 

s § 
". t 
*  8 

^ 50 s 
^ 5 
CO     o 
to                                                                                                                                                                             j 

.tr 

P-S 1 
lii u K t. 
PM 

.^ 
Q.= Xf                                                                                                                                                                                                                         \ 

E 4 3> 5 i M r| 
30                                                                                                                                                                                                                                                                                               | w 

r 5                                                                                                   i 

fi^ o                                                                                                   j 

TPRC 

* ~ 



\ 

Thermal linear Expanakm, percent 787 

7 

s           en           »■ >         a 

i         e 
»          «          t-          <e        if 

>'         de          de c »          c 

)           e 1                "4              C 

>         d        e 
>   ** 
i         c 

CO 
] 1   

■--- 

 |_ 

j i 

i 
1 I 1 1 

| 

1  " 1 —j— j 

I 

—•— 
I i 

1 
 -4  

1 

1 
i 

1 1 

1 - 
J- 

i 

1 | 

1 
i 

' 1 
  -—- 

1 

; j 
t 

« 
i 

i - -4— _!— 
I ■ 1 

1 
1 
i 

_. — 
-    ■— 

|-   i      ;      1      1      i 
-• t       ■ r-; - i r~ ..-_ 

1 - 
i 

~ — -—- 
1    /^ i        1 

ii :. 

|. 
. 

._i— N 
o 

J — 

I 

- _;— - 

i - 
-   

i 

/'-ir ~    - - ■— . -1— 

at         9 ~ 

—  — —- 
_          i :/f ■ i 

o      8 

1 

._*.- 
i i 

. 
- „ 

1     i- 
f 

1 i    i 
( i 

~ 

A0:, i^. 
---■ -   

\ 
I 
1 

5   - i 
  ._^_ 

:> rr 
1 

  
1 

ii - — ...   i            ■ 

i 
.   ^1    1     1 

I 
«4 1   2K 1 

, 1 i 
1 
1 

1 - 
«4 

__!__ 1 "" 
-  _  I   •   ■     1 V 1 

i 

i 1 '■"•'I—- ̂ ^ I 

8- j 
l 

, 
i 

-—i— 
j 

X 
i j , i 

^^i 

\l 1 
1 — 

■--  - -■f— 

1 

1 ! 
\ 

§   ' 
, 

i 

l 
i \ 

i j 
j 

i — !   i 
 1    1  »-—— 

1 

i 
1 
i   ■ ■ r 1 i r 

j 1 1 
_ 4— - \— 

1 
.   -, — —!-~ 

i - i ' • 1 

1 

l 

I   . 
1 

.   1... 

I 

l 

I 
~:" i o  - 

i 
1 i 

8 

8 

I 
8 

8 O 

tf 

8 

§ 

i 

8 

e 0» öD         t>         «        ia        «         n 
4 o d         d         d        d        d         d 

juaaied 'uoivuedxg iw«n I»UU»IU, 

TPRC 

u 

+ 
W 

e 

u a 
s 
as 
O 
x 
& 
8 
X 
0. 

z o 

a 
B 
SI 
w 

w 

/ 



*. *j- 

I 
766 

O 

H 
< 
P. 
X 
O 

O 

X 
M 

u 
X 

I2 
u 

a? 

h 

^ 

§ 

■D 
V 
5 
■a 

0. 

I 
N 

o n 

4- 

N 

N 
I 

n 
N 

m 
n 

i 

s 

rPÄC 



r < 

Thermal diffusivity, ft1 hr"1 x 10' 7«9 

to o 

e4 

o 

o 

I ■ 

s 

s 

s  - 

e 
M 

OS 
o 

v 

I   i 
H       2 

S 
oo 

j r-V- 
1 

J— pl— r -r 1   '     1 
| J 

i ' 
i _ 

i—' i 
1      i 

1 i 
1 

|        j 1 
li — - i   i 1 

i i 
i. 

t 
-—'—■ 

«   _ «1- 
-3 ._ -3 

-o 

1 
—1—^ i 

i ]   | 

( 2* ^ ■ •1    5   t~ * 

ä       ä 9 2 
5 -1—0   ww 

3 '   a ■". ^ 
<  -i— oo    t-' m'  — 
-    i      its    to te 

1 
1 

i 

1 
1 s i 

—- 

f ■-( i 
i 

1 e 
I 
1 i i   ] 

1 
1 \   ^ I i 

i i 
1 1       C 5     1 
1 < 

\ 
aJa k       1^ 

I ! 
| 

\ N V \i i   i 
1 

* ¥ i 
1 

l\ \ i 

> W?b — _. 
i   i 

\^ \ 
i ■ 

\ H A ; I 
i 1   I 

\ w s\ i i 

1 
1 fe \n i 

\ Tl i 

\ * X . ' 
\ 

I V \ i i 

.._ " b & \ 
! 

"i 
! 

i 
i i 

1 — i 
i t 

i 
i 

1 1 i r      i 

. 
i 

1     j 

t 
1 
i 

i 
—j— 1 1 

i 

■   .1 

i i 

i ■ 

i .- 
i 

i 

4—1 

1          j 

I      ; 1 i 
1—• 1 

1    . '' i _4__ 
i i         | | i 

1 
1 i 

i — 
i i 

u_ 
i 

i i  u 

o 

§ 

§ 

o 
g 

s 

§ 

o 

tu 
u 

I u 

U 

o 

u 
a I 

i 

3 
U. 
b 
Q 
■4 

( 
{ 

■ 

■i 

: 

o 
to 

o 
in 
O 

n 

c» o 
o 

o 

|0T f T-39S ,ui3 'ityAjBnjjiP iTOijaqi 

TPRC 

>j>_- 



I 
790 

• 

u 

S 

e 
5 

■o 
« 
2 

I 
a 

.2 

a 

I 
ü 
.5 

B 
2 

I 

S 

I 

| s | 

8, ^ is » I I 

1 
5 I 

* a 
M 

O 
33 

to 

u 

a I 
•a .. 
1 I w bfi 

I 5 ß ? 

3 I I! 
'S    -3 

>  2 
3   in 

■S     (4 

Ä 
ID 

2 

i n 

I 

i 

I 

I n 

I 
O 

1 
e 
3 

TPäC 



,, Ar 

O 

H 
< 

a 
0 

■■j 
z 
■ji 

s 

OS 

791 

TPäC 

-r. 



792 
Thermal Linear Expansion, percent 
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794 Normal Spectral Emittance 
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Thermal Conductivity, Btu hr"1 ft-1 R"1 
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802 Thermal Linear Expansion, percent 
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804 Thermal liiwar. Expansion, percent 
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PROPERTIES OF SILICON DIOXIDE + IRON (IC) OXIDE 

Density 

V     2.17 F^Oj 

O     2.17 FejOs 

REPORTED    VALUES 

gem"3 

2.628 

2.321 

lb ft-3 

164.0 

144,9 
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Thermal Linear Expansion, percent 
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PROPERTIES OF SILICON DIOXIDE + 2X4 

REPORTED VALUES 

Density gcm", lb ft"' 

0     2. 87 A1A + FeA 2.658 165.9 

D     2. 87 Mfis + FejOj 2.339 146.0 

A     2. 87 Al,Oj + FeA 2.635 164.5 

0     2. 87 AIA + FeiO, 2.341 146.1 
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PROPERTIES OF STRONTIUM OXIDE + TITANIUM DIOXIDE 

REPORTED    VALUES 

Melting Point K R 

0      72. JSiO. 2073 ±20 3732 ± 36 

G      73, 6 - 83. 8 SrO. 2013 3624 
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PROPERTIES OF THORIUM DIOXIDE + ALUMINUM OXIDE 

Melting Point 

O     27.9 AljOj. 

REPORTED VALUES 

K 

2188 ±5 

R 

3938 ± 8 

TPRC 
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PROPERHES OF THORIUM DIOXIDE + ALUMINUM OXIDE + BERYLLIUM OXIDE 

REPORTED    VALUES 

Melting Point K 

O     15.6 AljOj and 3. 8 BeO 2078 ±5 

R 

3741 ±9 
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836 Vapor Pressure, mm Hg 
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838 Thermal Linear Expansion, percent 
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844 Thermal Linear Expansion, percent 
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Thermal linear Expansion, percent 
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Normal Spectral Emlttance 
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Thermal diffuaivity, ft1 hr"1 x 10s 
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918 Thermal diffusivity, ft» hr"» x lO1 
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Thermal diffuslvlty. ft» hr-1 x lO2 
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Thermal Linear Expansion, percent 
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REPORTED    VALUES 

947 

PROPERTIES OF ZIRCONIUM DIOXIDE + MAGNESIUM OXIDE + BERYLLIUM OXIDE 
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PROPERTIES OF ZIRCONIUM DIOXIDE + NIOBIUM PENTOHDE 
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REPORTED VALUES 

Melting Point K R 
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PROPERTIES OF ZIRCONIUM DIOXIDE + URANIUM DIOXIDE 

REPORTED   VALUES 

Density gem n lb ft-3 

O     10 UO, 
D      15 UO, 

5.18 
5.45 

323 

340 

Melting Point See figure. 
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Thermal Lineur Expansion, percent 
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Thermal Conductivity. Btu hr"1 tt^R-1 
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