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Foreword 

This report was prepared "by the Materials Section of the Engineering 

Division of Midwest Research Institute, Kansas City, Missouri, under USAF 

Contract No. AF 33(657)-10478, Project No. 7381, "Follow-on Sheets for Thermo¬ 

physical Properties of Thermal Insulating Materials," and Task No. 738103. 

The program was administered by Air Force Materials Laboratory, Research and 

Technology Division, Air Force Systems Command, and directed by Mr. John H. 

Charlesworth, Applications Division. Mr. Hyman Marcus directed the first 

edition. 

This report is a revision and updating of a previous report, 

"Thermophysical Properties of Thermal Insulating Materials," ASD-TDR-62-215, 

and covers work conducted from 1 February 1961 to 19 January 1962, and from 

15 January 1963 to 15 December 1963. 

The literature search and the evaluation and compilation work for 

both the first edition and this revised edition were carried out by Mr. J. B. 

Loser, Mr. C. E. Moeller, and Mr. M. B. Thompson. Mr. R. J. Schroeder as¬ 

sisted on the first edition. The reading of published curves, plotting and 

typing was done by Mrs. Mary E. Jacobs for both the first edition and this 

revised edition. 

Mr. Vern Hopkins, Head, Materials Section, Engineering Division, 

and Mr. Harold L. Stout, Director, Engineering Division, served in an ad¬ 

visory capacity. Mr. C. E. Moeller was the project leader for the first 

edition and Mr. J. B. Loser was the project leader for this revised edition. 



Abstract 

This handbook is a compilation of thermophysical property data of 

insulating materials, which can be used in both cryogenic and high-tempera¬ 

ture applications. Thermal conductivity, linear thermal expansion, specific 

heat, total normal emittance, thermal diffusivity, and compressive strengths 

are plotted with respect to temperature. Density, melting point, continuous 

service temperature, typical available form, and modulus of elasticity are 

given in tabular form in a General Properties Table . 

The data listing is arranged on the basis of two principles; first, 

alphabetically, and then by form (powders, foams, multiple layers, etc.). 

References are listed in a Reference Table directly below the | 

plotted data on each data sheet. Material composition and methods by which 

the data were obtained are included for each set of data. Data for commer¬ 

cial materials as well as laboratory samples are given. 

Various experimental methods for determining thermal properties are 

described and their accuracies are indicated. 

The other sections also included in the handbook are: Glossary of 

Synonyms and Trade Names, Conversion Factors, References, and Author Index. 

This technical documentary report has been reviewed and is 

approved. 

DONALD A. SHINN, Chief 

Materials Information Branch 

Materials Applications Division 

Air Force Materials Laboratory 
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Introduction 

SUMMARIZING INTRODUCTION 

General Information 

Thermophysical properties of thermal insulating materials are pre¬ 

sented in this handbook for both cryogenic and high temperatures. Only in¬ 

sulating materials with a thermal conductivity less than 12.0 Btu/hr ft. °R 

(0.05 cal/sec cm. °K) at any point within their useful temperature range 

were considered and included in this handbook. These thermal properties have 

been compiled, through a comprehensive literature survey and analysis, from 

original test data, published from 1940 through 1962. 

The following sources were used to locate appropriate data: 

a. American Rocket Society Abstracts, 

b. Bibliographies in Articles (as obtained), 

c. Ceramic Abstracts, 

d. Chemical Abstracts, 

e. Defense Documentation Center (formerly Armed Services 

Technical Information Agency) Abstracts, 

f. Engineering Index, 

g. International Union of Pure and Applied Chemistry, Commission 

on High Temperatures and Refractories, Sub-Commission on 

Condensed States (index), 

h. Journal of the American Ceramic Society, 

i . Nuclear Science Abstracts, 

j . Publications of the National Bureau of Standards, 

k. Retrieval Guide to Thermophysical Property Research Literature, 

Manuscript released by the authors January 1964 for publication as an ML 

Technical Documentary Report. 

1 



Introduction 

l. Science Abstracts - Physics, and 

m. U. S. Government Research Reports. 

In addition to the data provided by abstracts, indices, and guides, 

data on insulating materials were solicited from manufacturers and distribu¬ 

tors • 

Materials are not included in the handbook if conductivity data 

were not located. However, some materials were found that may be thermal 

insulators, but only thermophysical properties other than conductivity were 

given. The change of density with temperature was not obtained for any of 

the materials included in the handbook. Data on cermets, fiber reinforced 

plastics, metals, glasses, or ordinary insulation (0° to 300°C) are not pre¬ 

sented because of temperature limitations, or the materials are not consid¬ 

ered as insulations. 

Some references are listed in the Reference Tables, and their data 

are not plotted for one or more of the following reasons: (l) because the 

material was inadequately described, (2) the experimental procedure was sub¬ 

ject to large inaccuracies, or (3) the data were in complete disagreement 

with data from other sources for the same material. In all such cases the 

comment "insufficient information, data not plotted," appears in the Remarks 

column. 

Description of Handbook 

The handbook is organized in the following order: 

Data Listing 

Glossary of Synonyms and Trade Names 

General Properties Table 

Data Sheets 

Experimental Methods 

Conversion Factors 

References 

Author Index 

2 
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The Data Listing* and Data Sheets are in alphabetical order, by 

material. The Data Listing indicates available data and gives its location 

in the handbook. 

The Glossary of Synonyms and Trade Names clarifies the names by 

which materials are listed in this handbook. A general Properties Table is 

provided for quick reference and for comparative purposes. 

The Data Sheets for each material are arranged in the following 

order: Conductivity, Linear Expansion, Specific Heat, Total Normal Emittance, 

Diffusivity, and Compressive Strength. Each Data Sheet is comprised of a 

data grid or data table and a reference table. Two types of grids are used: 

property versus temperature, and property versus pressure . The ..ata tables 

are used only for honeycomb and multiple layer materials. The reference 

table contains the investigator's name, reference number, temperature range 

of the particular investigation, test sample description and/or composition, 

test method, and any pertinent remarks. 

In the Experimental Methods Section, the basic methods used to 

determine various properties are described. Estimated accuracies of proper¬ 

ties determined by these methods are given. Conversion factors are recorded 

for various units of the different properties. The references listed are 

in a purely random order. In addition, an Author Index is provided for 

cross-reference purposes. 

Locating Data in the Handbook 

First locate the material of interest in the Data Listing, which 

lists the page number of each property included. If the space is blank, 

there are no data for that property. If the material is not listed in the 

Data Listing, consult the Glossary of Synonyms and Trade Names to see if the 

material is listed under a different name. 

General Comments 

When possible, the plotted points shown are those of the original ' 

investigator. However, in many instances, data sources reported information 

: only with curves. In these instances, the curves were read at convenient ; 

'• * Materials are listed a second time by material forms. 
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Introduction 

points and plottedj ths fact that ths data wsra taksn from a smoothed curve 

is noted in the "Remarks" column of the reference table. 

The "most probable value" curves are not included. Interviews 

with many data users indicated that these users are interested in the proper¬ 

ties of specific materials, and not in the average properties of groups of 

materials of approximately the same composition. They also indicated that 

the "most probable value" curves could be misleading. 

It is intended that the user will select the data from this hand¬ 

book which is for a material identical with or the nearest to that which he 

is considering. 

Where data have been taken from sales literature, the "Remarks" 
column so states. 

Another frequent comment is "Author Accuracy;" this always refers 

to the estimate of the original investigator and not to any judgment of the 

authors of this handbook. 

The general layout and format of the original handbook were devel¬ 

oped after numerous interviews with investigators of insulating materials and 

users of thermophysical property data. The layout and format of this re¬ 

vised edition were developed after consultation with the users of the origi¬ 

nal handbook. 

Because of the rapidity of changes in this field of technology, the 

need for another revision of this handbook in the foreseeable future is an¬ 

ticipated. Comments by users of this second edition about the improvement or 

clarification of data tables, or any of the information contained herein, are 

particularly welcome. They should be addressed to J. B. Loser, Midwest 

Research Institute, 425 Volker Boulevard, Kansas City, Missouri 64110. 

4 



Data Listing 

Material 

Acrylic Resin 

Alu®lnum-Chro»iun Oxide System 

Aluminum Oxide 

Aluminum Oxide Granules 

Aluminum Oxide-Lithium Carbonate System 

Aluminum Phosphate Coatings 

Aluminum Silicate 

Asphalt-Glass Wool Pad 

t 
0) 
a 
o 

0) 
c 
0) 

O 

ii 

il 

n 
ii 

ii 

ii 

ii 

15 

16 

10-21 

20 

29 

31 

34-37 

41 

17 

22-23 

30 

32 

38 

c 
0 
£ 

Ê 
tu 

a> 
a 
in 

o 

Ê 
o 
Z 

“5 ■*- 
o 

>. 
*— 

*> 

3= 

Q 

D 

E 

in 

0) 
> 

« 
t- 
a 

E 
o 
u 

24 25 26 27 

39 

33 

40 

Barium Fluoride 

Beryllium Carbide 

Beryllium Oxide 

Boron Carbide 

Boron Nitride 

11 

11 

11 

11 

M2 

43 

45 

51 

54 

46-47 

52 

55 

44 

40 

53 

56 

49 

57 

50 

Calcium Fluoride 

Calcium Oxide 

Calcium Silicate 

Carbon - Special Forms 

Cellulose Fiber Board 

Cerium Dioxide 

Cesium Bromide 

Cesium Iodide 

Cork Granules 

Cork-Rubber Board 

Corkboard 

Cotton Fiber 

11 

11 

11 

11 

11 

11 

11 

11 

58 

60 

62-64 

68-70 

77 

78 

82 

83 

84 

85 

59 

61 

71-72 

79 

65 

73 

80 

11 86-87 

11 88-89 

74 

66 67 

75 76 

81 

Dlatomaceoua Earth 11 90-91 92 93 

Epoxy Foam 

Epoxy, Reinforced 

11 

11 

94 

95 

Foraterlte 11 96 97 

aiaaa Fiber 

Oleas Fiber Board 

Olaae Foam 

11 

12 

12 

98-102 

103 

104 

Hafoluii Carbide 

Hafnlun Dioxide 

Hafnium Nitride 

Hair Felt 

Honeycombe 

12 

12 

12 

12 

105 

108 

111 

114 

115-117 

106 

109 

112 

107 

110 

113 

Continued on next page 



Data Listing 

Material 
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Lithlu« Hydride 

T teilte 

12 118 

121 

119 320 

MagneBlum-Alunlnun Oxide System 

Magnesium-Beryllium Oxide System 

Magnesium Fluoride 

Magnesium-Nickel Oxide System 

Magnesium Oxide 

Magnesium Oxide and Others 

Magnesium Oxide - Spinel System 

Magnesium Silicate 

Mineral Fiber Board 

Mineral Wool Fiber 

Molybdenum Dlslllclde 

Multiple Layer 

Mylar 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

122 

125 

126 

129 

130-131 

136 

137 

138-139 

142 

143-144 

145 

148-152 

154 

123 

127 

132 

140 

146 

128 

133 134 

141 

147 

153 

124 

135 

Nickel Monoxide 

Niobium Berylllde 

Nylon Fiber 

12 

12 

155 

158 

160 

156 157 

159 

Perlite Board 

Perlite Granules 

Phenolic Granules 

Phenolic, Reinforced 

Polyethylene 

Polystyrene Board 

Polystyrene Fiber 

Polystyrene Foam 

Polystyrene Granules 

Polyurethane Foam 

Polyvinyl Chloride Foam 

Potassium Chloride 

Potassium Tltanate 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

l6l 

162-165 

166 

167 

168 

169 

170 

171-173 

174 

175-177 

179 

180 

l8l 

178 

182 

Redwood Bark 

Rubber 

Rubber Foam 

13 

13 

183 

184 

185 

Samarium-Gadolinium Oxide System 

Sawdust 

Seaweed Powder 

Silica Aerogel 

Silica Aerogel and Metal 

Silicon Carbide 

Silicon Dioxide 

13 

13 

13 

13 

13 

13 

186 

187 

188 

I89-191 

192-194 

195-196 

200-202 

197 

203-204 

198 

205 

199 

20b 207 

t 

Continued on next page 





Data Listing - Material Form 

Castables 
Alumlnua Oxid« 

Aluminum Oxide-Lithium 

Carbonate System 

Aluminum Silicate 

Beryllium Oxide 

Boron Carbide 

Boron Nitride 

Hafnium Carbide 

Lithium Hydride 

Magnesium-Aluminum 

Oxide System 

Magnesium-Beryllium 

Oxide System 

Magnesium Fluoride 

Magnesium Oxide 

Magnesium Silicate 

Niobium Beryllium 

Potassium Titanate 

Silicon Carbide 

Silicon Dioxide 

Silicon Nitride 

Sillimanlte 

Thorium Dioxide 

Titanium Carbide 

Titanium Dioxide 

Uranium Dioxide 

Zirconium Dioxide 

Zirconium Silicate 

Fibers 
Cotton Fiber 

Glass Fiber 

Hair Felt 

Mineral Wool Fiber 

Nylon Fiber 

Polystyrene Fiber 

Fibers (cont.) 
Potassium Titanate 

Wood Fiber 

Foams 
Epoxy Foam 

Glass Foam 

Polystyrene Foam 

Polyurethane Foam 

Polyvinyl Chloride Foam 

Rubber Foam 

Silicon Dioxide Foam 

Powders and Granules 

Aluminum Oxide Granules 

Barium Fluoride 

Calcium Silicate 

Cesium Bromide 

Cesium Iodide 

Cork Granules 

Diatomaceous Earth 

Hafnium Carbide 

Lithium Hydride 

Magnesium Fluoride 

Perlite Granules 

Phenolic Granules 

Polystyrene Granules 

Potassium Chloride 

Redwood Bark 

Sawdust 

Seaweed Powder 

Silica Aerogel 

Silica Aerogel and Metal 

Silicon Carbide 

Powders and Granules (cont.) 

Silicon Dioxide 

Silicon Dioxide and Carbon 

Silicon Dioxide Powder 

Titanium Carbide 

Titanium Dioxide Powder 

Uranium Dioxide 

Vermiculite 

Solids 
Acrylic Resin 

Asphalt-Glass Wool Pad 

Calcium Silicate 

Cellulose Fiber Board 

Cork-Rubber Board 

Corkboard 

Epoxy, Reinforced 

Glass Fiber Board 

Lucite 

Mineral Fiber Board 

Mylar 

Niobium Beryllium 

Perlite Board 

Phenolic, Reinforced 

Polyethylene 

Polystyrene Board 

Potassium Chloride 

Rubber 

Sodium Silicate Laminate 

Teflon 

Vermiculite Board 

Wood - Balsa 

Wood Fiber Board 

Wood Fiber Cement 

Wood - Pine 

Wood - Plywood 

Zirconium Silicate 



Glossary of Synonyms and Trade Names 
Synonym or Trade Name 

Aerogel . 

Aerotube 

Alfrax . 

Alumina . 

Alundura . 

Anataae . 

ARP . . . 

Asbestos 

Baddeleyite . 

Banroc . . . 

Berlox . . . 

Beryllla • . 

Brazil Zircon 

Bromelllte 

Brooklte . . 

Bunsenlte . . 

Listed Name Synonym or Trade Name 

Silica Aerogel 

Rubber Foam 

Aluminum Oxide 

Aluminum Oxide 

Aluminum Oxide 

Titanium Dioxide 

Phenolic, Reinforced 

Magnesium Silicate 

Fesco Board 

Flberfrax 

Fiberglas 

Flbrocel . 

Fibrolite 

Fluorite . 

Fluorspar 

Foamglas . 

Foam Glass 

Foam Sil . 

Zirconium Dioxide 

Mineral Wool Fibers 

Beryllium Oxide 

Beryllium Oxide 

Zirconium-Silicon 

Dioxide System 

Beryllium Oxide 

Titanium Dioxide 

Nickel Monoxide 

Graphite 

Hafnia . 

Hyacinth 

Hypalox 

Listed Name 

Perlite Board 

Aluminum Silicate 

Glass Fiber 

Perlite Board 

Sillimanlte 

Calcium Fluoride 

Calcium Fluoride 

Glass Foam 

Glass Foam 

Silicon Dioxide Foam 

Carbon - Special Forms 

Hafnium Dioxide 

Zirconium Silicate 

Aluminum Oxide 

Cab-O-Sil . Silica Aerogel 

Cabotherm .Silica and Carbon 

Calda.Calcium Oxide 

Carbofrax . Silicon Carbide 

Carbon Felt.Carbon - Special Forms 

Celite . Diatomaceous Earth 

Cerefelt . Aluminum Oxide 

Ceria . Cerium Dioxide 

Ceric Oxide . Cerium Dioxide 

Charcoal.Carbor '■Special Forms 

Clinoenstatlte . Magnesium Silicate 

Cordlerite . Magnesium-Aluminum 

Oxide System 

Corundum ..- . Aluminum Oxide 

Crlstobalite . Silicon Dioxide 

Crystal-M . Sodium Silicate 

Cryatolan . Silicon Carbide 

lolite.Magnesium-Aluminum 

Oxide System 

Isocyanate . Polyurethane Foam 

Isomica . Epoxy, Reinforced 

J-Foam . Polystyrene Foam 

J-M Oil Free Banroc.Mineral Wool Fiber 

Kay10.Calcium Silicate Board 

Lampblack . Carbon - Special Forms 

Lechatellerite . Silicon Dioxide 

Lime.Calcium Oxide 

Lock Foam. Polyurethane Foam 

Dlchrolte . 

Du Ray Foam 

Duraboard . 

Durestos 

Durhy . . . 

Magnesium-Aluminum 

Oxide System 

Epoxy Foam 

Wood Fiber Board 

Magnesium Silicate 

Silicon Carbide 

KPcm . Epoxy, Reinforced 

Exal on.Silicon Carbide 

Magnesia .... 

Magnesite . . . 

Magnorite . . . 

Marinlte .... 

Mica. 

Micro-Cel . . . 

Microquartz . . 

Mln-K . ... 

Min-Klad Interlok 

Mullite .... 

Magnesium Oxide 

Magnesium Oxide and 

Others 

Magnesium Oxide 

Calcium Silicate Board 

Vermiculite 

Calcium Silicate Powder 

Silicon Dioxide 

Glass Fiber Board 

Glass Fiber Board 

Aluminum Silicate 

Continued or. next page 



Glossary of Synonyms and Trade Names 
Synonym or Trade Name 

Nlgrlne 

Norton 

Octahedrite 

Ouso . . . 

Pericias« .... 

Perlox . 

Pliofoam .... 

Polycel . 

Polyflber .... 

Pyrogrey .... 

Pyrolytic Graphite 

Listed Name Synonym or Trade Name 

Titanium Dioxide 

Aluminum Oxide 

Titanium Dioxide 

Silicon Dioxide Powder 

Selectra Foam 

Sellalte . . , 

Silica . . . , 

Slag Wool . . 

Soapstone . , 

Spinel . . . . 

Magnesium Oxide 

Perlite Granules 

Polyurethane Foam 

Polyurethane Foam 

Polystyrene Fiber 

Phenolic, Reinforced 

Carbon - Special Forms 

Spodumene 

Stafoam 

Steatite 

Styrofoam 

Superpox 

Syloid . , 

Listed Name 

Polyurethane Foam 

Magnesium Fluoride 

Silicon Dioxide 

Mineral Wool Fibers 

Magnesium Silicate 

Magnesium-Aluminum 

Oxide System 

Aluminum Oxide-Lithium 

Carbonate System 

Polyurethane Foam 

Magnesium Silicate 

Polystyrene Foam 

Zirconium Silicate 

Silicon Dioxide Powder 

Quartz . Silicon Dioxide 

Refrasll . Silicon Dioxide 

Refrex . Silicon Carbide 

Rock Cork.Mineral Fiber Board 

.Aluminum Oxide 

Roklde Z.Zirconium Dioxide 

Rooflnsul.Wood Fiber Board 

Rubatex Board . Rubber Foam 

Rut^le . Titanium Dioxide 

Talc.Magnesium Silicate 

Textrafluff . Glass Fiber 

Thermobestos . Calcium Silicate Board 

Thermostone . Wood Fiber Cement 

Thompsoglas . Glass Fiber 

Thorta . Thorium Dioxide 

Tlpersll . ... Potassium Tltanate 

Titania ..Titanium Dioxide 

Tridyraite . Silicon Dioxide 

Water Glass . Sodium Silicate Laminate 

Salt . Sodium Chloride 

Santocel . Silica Aerogel 

Zincite.zinc Oxide 

Zircon.Zirconium Silicate 

Zirconia . Zirconium Dioxide 



General Properties 

Material 

Acrylic Resin 

Aluminum-Chromium Oxide System 

Aluminum Oxide Al2°3 

Aluminum Oxide Granules 

Aluminum Oxlde-Llthlum Carbonate 
System AI2O3-LI2CO3 

Aluminum Silicate 3AI2O3-2SÍO2 

Asphalt-Qlass Wool Pad 

Beryllium Carbide 

Beryllium Oxide 

Boron Carbide 

Boron Nitride 

Calcium Fluoride 

Calcium Oxide 

Calcium Silicate 

Be2C 

BeO 

B¿jC 

BN 

CaFg 

CaO 

CaSi03 

Carbon - Special Forms C 

Cellulose Fiber Board 

Cerium Dioxide CeOg 

Cork Granules 

Cork-Rubber Board 

Corkboard 

Cotton Fiber 

Dlatomaceous Earth 

Epoxy Foam 

Epoxy, Reinforced 

2MgO-S10? 

Glass Fiber 

c 
0) 

Û 

0 
QJ 

JC 

Ib/ft ' 

198.0 
to 

250.0 

2^7.5 

125.0 

165.5 

196.5 

17.7 

188.0 

156.0 

137.0 

198.5 

209.0 

3.7 to 
7.1 

112.5 
to 

138.5 

85.5 

455.0 

6.3 to 
6.4 

10.5 

6.5 to 
20.0 

8.2 

14.0 to 
17.0 

13.0 to 
15.0 

40.0 

203.8 

1.0 to 
4.0 

0) 
c 

°F 

>37io 

3660 

3660 

2552 

3290 

>3810 

4585 

4440 

543O 

2480 

4675 

6600 

4710 

3425 

2678 

Ol <i> 

E 3 ! 
3 O O 

I = g. 
g c E 

■’F 

2192 (0) 

3600 (0 
3500 [R 
3270 (V 

3600 (0 
3500 ÍR 
3270 (V 

1652 (0) 

3270 (0) 
2730 to 
3090 (R) 

1800 (0) 

4350 (0) 
3630 (V) 

2010 to 
2550 (0) 

1202 (0) 

4350 (Oj 
.2500 (R) 

I8OO 

4890 (0) 
SISO 

4350 (0) 

200 

-300 to 
200 

I5OO to 
2000 

350 to 
i>00 

1800 to 
2000 (0) 

Unbonded 
1000 
Bonded 
450 to 
6OO 

O) 
c 
Q> 

a 
E 
0 
u 

0 
K 

RSI 

23,000 

760 to 
5,300 

52,400,000 

105,000 

420,000 

40,000 

I50 

60 to 
1,000 

60,000 

85,000 

0 
K 

psi 

45,600,000 

45,000,000 

65,000,000 

13,050,000 

Typical Forms 

Solid solution; 
crystal 

Crystal-fused; powder; 
bubbles 

Granules 

Crystal -ß 

Bricks; glass 
tank blocks 

Solid - translucent 
amber 

Crystal; powder 

Solid - block 

Solid, powder, hard 
cubic form 

Crystal 

Glass; glaze 

Block, slab 

Solid 

Porcelain enamel; glass 

Granules 

Tangled thread; medical 
cotton 

Fine powdor; cylinders; 
blocks 

Epoxy resin "oam blocks; 
closed cell 

Glass spheres and 
fibers; slabs 

Steamblown; flameblown 

Method of 

Shaping 

Slip cast; sintering; 
fused 

Fired and pressed 

Cast 

Cast; rammed, ex¬ 
trusion; pressed 

Pressed; cold molding 
and sintering 

Hot pressed; machined 

Machined (diamond or 
carbide tools) 

Loose fill 

Baked under pressure 

Foamed In place or 
prefoamed; machined 

1 
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General Properties 

Material 

C 
a> 
Û 

lb/ft' 

o 
CL 

0) 
c 

"Õ 

0) 

I o 1 
E c 

Sw 
u 

°F 

o 
tv 

psi 

o 
tv 

psi 

Typical Forms 

Method of 

Shaping 

Oíase Fiber Board 

Olaas Foam 

Hafnium Dioxide 

Hafnium Nitride 

Hair Felt 

Honeycombs 

Lithium Hydride 

Hf02 

HfN 

LiH 

Magnesium-Aluminum Oxide System 
MgC-Al203 

Magnesium-Beryllium Oxide System 
MgO-BeO 

Magnesium Fluoride MgP2 

Magnesium-Nickel Oxide System 
MgO-NiO 

Magnesium Oxide MgO 

Magnesium Oxide and Others 
MgO and others 

Magnesium Oxide-Spinel System 
MgO-MgAl2Oij 

Magnesium Silicate MgO-SiOg 

Mineral Fiber Board 

Mineral Wool Fiber 

Molybdenum Disllicide MoSig 

Multiple Layer 

13.7 tc 
34.C 

10.0 tc 
11.C 

604.5 

10.9 

tl8.6 

224.5 

152.0 

181 to 
200 

200.0 

223.5 

188.0 

187.0 
to 

212.0 

171.5 

5090 

1272 

3860 

2544 

5070 

Nickel Monoxide 

Nylon Fiber 

Perlite Board 

Perlite Granules 

Phenolic Granules 

Phenolic, Reinforced 

Polystyrene Board 

Polystyrene Fiber 

Polystyrene Foam 

N10 

10.0 to 
16.7 

389.0 

3.8 to 
7.5 

465.0 

8.5 to 
12.0 

0.14 tc 
10.0 

76.0 tc 
115.0 

1.8 to 
64.4 

17.6 

2.0 to 
10.0 

>2372 

3398 

3614 

450 

Felt 1000 
Block 2200 

2012 to 
3272 (0) 

4600 

300 to 
400 

100 to 
I30 200,000 

1832 to 
2012 (0) 

1832 (0) 

2192 (0) 

4,000 to 
9,000 

2202 
3020 
3452 

1832 (0) 

2330 (0) 

I8OO to 
1900 

-400 to 
1000 

3092 (0) 

350 

2012 (0) 

40,000,000 

4,950 

10 to 200 

200,000 

-400 to 
350 

2,000 to 
50,000 

185 

160 to 
170 

900 to 
5 j 300 

Felted without binder 
foamed into blocks; 
closed cell 

Powder - white 

Sheets, panels, filled 
or non-filled core 

Solid 

Solid 

Solid 

Crystal 

Ferro spinels 

Crystal 

Block 

Lc-'se fill or blanket 

Powder 

Panels, usually 1/2 in. 
thick 

Ferrites; colorant in 
ceramics and glass 

Drawn monofilament, 
2 mm. diameter 

Fine powder, expanded 

25-100 microns 

Sheets 

Logs, boards, foamed in 
place; closed cell 

Cut sawed 

Cut to shape 

Slip cast 

Slip cast 

Fused 

Pressed; machined; 
extrusion 

Spun mineral wool 
fibers 

Pressed; sintering; 
slip cast 

Loose fill 

Cut sawed, foamed In 
place 

Continued on next page 



General Properties 

Material 

Polystyrene Granules 

Polyurethane Foam 

Polyvinyl Chloride Foam 

Potassium Tltanate K2T:1L6013 

Redwood Bark 

Rubber Foam 

Sawdust 

Seaweed Powder 

Silica Aerogel 

Silica Aerogel and Metal 

Silicon Carbide SIC 

Silicon Dioxide S10o 

Silicon Dioxide and Carbon 

Silicon Dioxide Foam 

Silicon Dioxide Powder 

Sillimanlte A12C>3-S102 

Sodium Chloride 

Teflon 

Thorium Dioxide ThOo 

Titanium Carbide TIC 

Titanium Dioxide TIOg 

Titanium Dioxide Powder 

Titanium Nitride TIN 

Uranium Dioxide 1J02 

Vermiculite 

Vermiculite Board 

Wood - Bala 

c 
o 

D 

ib/ft 

1.9¾ to 
17.6 

1.0 to 
20.0 

12.0 to 
26.0 

3.¾ to 
71.5 

4.0 

5.0 to 
6.3 

15.5 

7.3 

6.0 to 
8.7 

8.4 to 
11.8 

201.0 

166.0 

3.5 to 
5.0 

12.0 to 
16.0 

3.3 to 
6.7 

202.0 

49.0 

138.0 

624.5 

307.5 

266.0 

21.8 

338.5 

680.0 

9.0 to 
13.5 

18.9 

8.0 to 
12.0 

O 
a. 

ai 
_c 

"3 
2 

°F 

2950 

5520 

5680 
+ 194 

2984 

5340 

3950 

2400 

E 3 
5 ° 
E c 
* ï 

2 y 

°F 

4710 

<2678 

200 to 
400 

ISO 

2200 

250 to 
290 

1300 

3000 (0 
4000 (V 

2000 

0) 
c 
01 

a 
E 
0 
u 

0 
K 

psi 

20 to 700 

650 

35 to 
300 

3270 (0) 
2550 to 
2730 (V) 

4530 (0) 

2732 (0) 

2912 (0) 

1470 to 
2950 (0) 

1992 (0) 

1292 to 
1832 

350 

O 
is 

psi 

5#000 to 
36,000 

Typical Forms 

Dense - 68,500,000 
150,000 

Foam - 70 
to 400 

I50 to 6OO 

750 

10,500,000 

Dense - 
190,000 

Foam - 
200 

90 

60,000 

21,000,000 

45,000,00c 

Slabs, foamed In placej 
closed cell 

Liquid or paste; open 
or closed cell 

Bark or fibers 

Tube, cord, strip; open 
or closed cell 

Granules 

Powder and block 

Fine powder; granules 

6-8 microns S.A.; 10- 
5056 AI. powder 

Crystal - open cell 
foam 

Crystal 

Powder, up to 60% 
carbon 

Blocks; foamed In place; 
closed cell 

Expanded granules 

Crystal; fused crystal 

Method of 

Shaping 

Cut sawed; foamed In 
place 

Molded; foamed In 
place 

21,000,00c 

25,000,000 
(single 
crystal) 

210,000 to 
825,000 In 
bending 

Solid 

Solid - gray 

Polycrystalline ; 
crystal 

Crystal - yellow bronze 

Granules, exfoliated 
micaceous mineral; 
powder 

Blocks, slabs 

Cut; foamed In place 

Loose fill 

Loose fill 

Loose fill 

Bonded with clay and 
fired; hot pressed 

Fused 

Loose fill 

Prefoamed or foamed 
In place 

Loose fill 

Cast 

Fused; cast 

Pressed 

Pressed; extrusion 
slip cast 

Pressed; slip cast 

Loose fill 

13 
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General Properties 

Material 

C 
a> 
Û 

Ib/ft ’ 

o 
a. 

CD 
c 

“i 
5 

°F 

0) 
Ul 

E 1 
li 
5 ï 
Soi 

“F 

O 
a 
£ 
o 
u 

o 
N. 

psi 

3 
D 

“O 
o s 

o 
rs 

psi 

Typical Forms 

Method of 

Shaping 

Wood Fiber 

Wood Fiber Board 

Wood Fiber Cement 

Wood - Pine 

Wood - Plywood 

Zinc Oxide 

Zirconium Dioxide 

Zirconium Hydride 

ZnO 

ZrH 

Zirconium Nitride ZrN 

Zirconium Silicate ZrSiO^ 

3.5 

Í3.3 . 
to 66 £ 

32.0 

24.1 

31.9 
to 33.2 

341.0 

40 to 
3^5.5 

376.0 
to 

392.0 

M2.0 

286.0 

Bark Fibers 

90,000 to 
700,00 Ir 
bending 

>3272 

4890 

5395 

4620 

4400 to 
4800 (0) 

4700 

3600 

21,500,000 

Crystali powder 

Crystalî refractory 
shapes ; foam 

Slip cast 

Fused; pressed; 
cast 

Pressed; Blip oast 

A 



.w-w'........-..................... 

Acrylic Resin 

Apparent Thermal Conductivity 
T«mp«ratura, 0Kelvin 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Berman, R., 
Foster, E. L., 
Rosenberg, H. M. 

013 3-40 An English organic glass 
thermo-plastic similar to 
Luclte or Plexiglass, 
acrylic and methacrylate 
resin 

Not given 
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Aluminum - Chromium Oxide System 

Thermal Conductivity 
Temperature, “Kelvin 

o 500 1000 1500 ?00 2500 

Temperature, “Rankine 

Sym¬ 
bol 

Investigator 

O Klngery, W. D. 

Ref. 

001 

Range, °R Test Sample 

672-852 Single crystal; O.I656 Cr?Oo 
(Linde Co.) J 

Test Method 

Comparative method 

Remarks 

Author accuracy t 4# 

□ Klngery, W. D. 001 672-1572 Single crystal; 0.75# Cr->0, 
(Linde Co.) 5 

Comparative method Author accuracy ± 4# 

A Klngery, W. D. 001 672-1572 Single crystal; 1,10# CroOn 
(Linde Co.) ^ 

Comparative method Author accuracy i 4# 

V Klngery, W. D. 

^ Klngery, W. D. 

Û Klngery, W. D. 

Û Klngery, W. D. 

Dk Lee, D. W., and 
Klngery, W. D. 

001 

001 

672-1932 

672-1932 

Polycrystalline; slip cast 
and cold pressed; 0.30# CroOo 
(Linde Co.) -3 

Comparative method 

Polycrystalline; 
and cold pressed 
(Linde Co.) 

slip cast 
I.26# CrgOg 

Comparative method 

001 672-1932 Polycrystalline; 
and cold pressed 
(Linde Co.) 

slip cast 
2.88# Cr203 

Comparative method 

001 672-I932 Polycryetalllne; slip cast 
and cold pressed; 6.42# Cr^Oo 
(Linde Co.) ¿ ^ 

Comparative method 

071 789-2067 Single crystal; 1.10# C^Oo, 
cut and polished, gravimetric 
density - 4.00 

Comparative method 

Author accuracy ± 4# 

Author accuracy ± 4# 

Author accuracy ± 4# 

Author accuracy t 4# 

Results approximately 20# 
higher than previously re¬ 
ported; measured with C-axis 
of crystal inclined 60° to 
direction of heat flow 

A Ruh, E., and 
McDowell, J. S., 

230 781-2520 Chrome brick; 18.2# MgO, Guarded refractory brick 
29.7# CT203, and 34.1# AI2O3 method 
15.8# porosity; 194 lb/ft3; 
cold crushing strength 
14,580 pol 

Author accuracy +10#; 
precision +5# 

T
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Aluminum - Chromium Oxide System 

Linear Thermal Expansion 
Temperature, °Kelvin 

0 250 500 750 1000 1250 

Temperature, “Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

O 

Shevlln, T. S., 
and Hauck, C. A. 

Shevlln, T. S., 
and Hauck, C A. 

079 

079 

5^7-1932 

537-1990 

Polycrystalline; 10% CrgO^ 

Polycryatalllne; 20% CrgO^ 

Interferometer method 

Interferometer method 

L
in
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m
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Aluminum Oxide 

Thermal Conductivity 

oc 
o 

4: ‘3 

D 
Sät 

> 

3 
“O 

o 
u 

500 

Temperature, 0Kelvin 

1000 1500 2000 

~r — 
ï- 

. 

Q 

- r 1 
-c r~ p 

0 
I iV 

"S 
— -%■ n 

a 
p 

a- cai > a 
—i Ò- 

> T r 
~T r O a ■>1 

b> 9 ) T 1 /1 C ... ±5 V ■ 

i V 7 YK ) 0 V D 
P n n n V _D 3 

T r ~x r T it \ 

2500 

°.oo 2000 2400 2Q00 

Temperature, °Rankino 

3200 3600 4000 

,0.025 

1.020 

* 
0 

E 
W 

w 
3 

“5 

> 

3 
“0 
c 
0 

0.005 

4400 4800 

Sym¬ 
bol 

Investigator 

Clements, J. F. 
and Vyse, J. 

Ref. Range, °R Test Sam pie Test Method 

056 1139-2561 178 lb/ft3; 22.1# porosity; 
fused alumina brick; IO.O05É 
SIO2; 2.08* TIO2; 86.90* 
AI2O3; 0.66* Fe203J 0.24* 
CaO; 0.35* KgO; 0.10* Na20 

Guarded hot plate method 
(Twin plate) 

Remarks 

□ Franc1, J., and 
Klngery, W. D. 

061 599-214? 48.7* porosity; cast from 
Norton Co. 30 x 220P alumina 

Comparative method 

A Shulman, A. 017 2111-3911 Polycrystalllne; baked 
aluminum oxide 

Method of displacement of 
specific characteristics 
of heat capacity 

y 

o 

o 

Ci 

Whlttemore, Jr., 
0. J. 

Vhittemore, Jr., 
0. J. 

Knapp, W. J. 

Knapp, W. J. 

Knapp, W. J. 

Carborundum Co. 

Carborundum Co. 

129 

129 

038 

038 

038 

043 

1160-2550 

1410-2230 

680-138c 

700-1380 

>80-1750 

2360 

043 2380 

53* porosity; 99±* pure 
A1203; 120 lb/ft3 

23* porosity; 99t* pure 
A1203; 195 Ib/ft^ 

Polycrystalllne; Corundum 
(African) 

Polycrystalllne; synthetic 
sapphire 

Polycrystalllne; Corundum 
( African) 

Fused alumina bubbles, 
mullite forming bond; 
87 lb/ft^ 

Alumina bubbles,-alumina 
bonded; 87 lb/ftJ 

Guarded hot plate method 
(Tv/ln plate) 

Guarded hot plate method 
(Twin plate) 

Comparative method 

Comparative method 

Comparative method 

Not given 

Not given 

Insufficient Information, 
data not plotted 

Insufficient Information, 
data not plotted 

Johns-Manvllle 227 Not clven Pelted alumina and silica 
fibers; 3-24 lb/ftJ; 
'Cerafelt" 

Not given Insufficient Information, 
data not plotted 

Swarts, E. L., and 
Crandall, W. B. 

081 3011 35'/ Porosity Calculated from observed 
values of dlffuslvlty, bulk 
density, and heat capacity 

Insufficient Information, 
data not plotted 

Norton Company 110 Not given 116 Ib/ft^; alundum grain, 
99.49* Al29o, O.05* S102, 
0.10* ?e203, 0.01* T102, 
0.35% Na20 

Insufficient Information, 
data not plotted 

18 
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Aluminum Oxide 

Thermal Conductivity 
Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

D 

P 

O 

O 

Ruh, E.f and 
McDowell, J. S. 

Ruh, E,, and 
McDowell, J. S. 

Carborundum 
Company 

Ruh, E., and 
McDowell, J. S. 

Rub, E,, and 
McDowell, J. S, 

Ruh, E., and 
McDowell, J. S. 

Powers, D. J. 

230 

230 

043 

230 

230 

230 

229 

737-2379 

720-1928 

860-3060 

762-2450 

765-2473 

814-2166 

1196-2175 

Alumina brick (90# AlpOo): 
16.256 porosity; I86 Ib/ft^ 

Alumina brick (9956 AloOo): 
23.^ porosity; I8I lb/rt3 

8156 AI0O3, 16.856 S10 + others 
8l lb/ft3; 5A-6756 porosity; 
"Alfrax Bi" (fused alumina 
bubbles)- AlgO^ 

Alumina brick (70$ AlpO^): 
21.856 porosity; 154 lb/ft3 

Alumina brick (9056 AI2O3): 
21.356 porosity; 174 lb/rt3 

Guarded refractory brick 
method 

Guarded refractory brick 
method 

umlna brick (6056 AI2O3): 
,7$ porosity; 148 lb/ft3 

Alumina foam; 37 lb/ft^; 
crushing strength, 1170 psl 

Not given 

Guarded refractory brick 
method 

Guarded refractory brick 
method 

Guarded refractory brick 
method 

Comparative method 

Author accuracy +1056; pre¬ 
cision +5$¡ cold“crushing 
strength, 2570 psi 

Author accuracy +IO56; pre¬ 
cision +J5i6; cold^crushing 
strength, 5300 psi 

Usable at temp, up to 
3000°P 

Author accuracy +IO56; pre¬ 
cision +5#» cold^crushing 
strengtn, 1540 psi 

Author accuracy +IO56; pre¬ 
cision +55^; cold^crushing 
strength, I6OO psi 

Author accuracy +IO56; pre¬ 
cision +556; cold”crusbing 
strength, 760 psi 



Aluminum Oxide 

Thermal Conductivity 

28 

24 

at 
o 

4= 

3 

¿3 

> 
X 
u 
3 
"Ü 
C 
o 
u 

"5 
E 
k. 
o 

-C, 

16 

500 

Temperature, °Kelvin 

1000 1500 2000 
__ — — — — — — — — — —. —: — — - — —j — — — 

— 

JQ 

-- 
' ' 

O j 
T3 

- ij L 

A 7- 
1 

1_ > 
-b }- 

' 1 g — — 

— ï 3 P “ 

l-j j 2 
c 

JE* q£ 
__ 

3 
T N 

_ 
— 

T 
—i 1-- % 

r»= 
n r rn _1 5 

j ry 
I 

T t_j| 
i_ c i 

8“ 
Ï1 S 

7, he 
t i t-J 

u _ -imj __ __ J_ __ & I Ù J 
w 1 r 

r — at ittlZ'l-rcPPKXV'KI?: K1 
Cr 
1 

ir ÛT 

_S1 \_ a IUJ 
't 11 

-— __ 
"8 "i r 

_ _ _ -_ _ _ _ _ _ i_ _ _ □ 
-j 
J _ 3- __ ! 2 __ □ r 

J r 
d i—i 

Temperature, °Rankine 
44C0 

Æ.10 

0.08 

o 

E 
u 

V 
a 
<A 

a 

O.C6 >■ 
■> 
Ç 

o.on 
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t. 
0 
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0.02 

Sym¬ 
bol 

O 

o 

A 

V 

Û 

D 

D 

U 

b. 

Investigator 

Charvat, F. R. 

Lee, D. W., u”d 
Klngery, W. D. 

Weeks, J. L., and 
Seifert, R. L. 

Franol, J., and 

Klngery, W. D. 

Franc 1, J., and 
Flngery, W. D. 

McQuarrle, M. 

Klngery, W. B., 
Prancl, J., Coble, 
R. L,, Vasilos, T. 

Charvat, F. R. 

Watson, A. F., 
~lemonts, F., 
and Vyse, J. 

Lee, D. W., and 
Klngery, V/. D. 

ee, D, W., and 
Klngery, V/. D. 

.ee, D, W#, and 
Klngery, W. D. 

Smoke, 2. J., and 
Illyn, A.V. 

Ret. 

068 

071 

Vt6 

058 

061 

059 

O62 

068 

018 

07] 

071 

071 

O80 

Range, °R 

959-2723 

563-2381 

620-670 

563-1639 

'190-2100 

2291-3693 

671-3371 

1090-2669 

1909-2579 

671-2561 

1211-2633 

959-2363 

566-732 

Test Sample 

Single crystal, zero poros¬ 
ity (Linde Company) 

Single crystal 

Single crystal; synthetic 
sapphire 

Polycrysballlne; 228-231 lb/ 
ftJ; zero porosity; slip 
cast 

Polycrystal]Ine; 23.4* poros¬ 
ity; alundum abrasive 
(Norton Company) 

Polycrystalline; slip cast; 
O.3I* FegOo, 0.24* SlOp 
0.01* TlOg, remainder Al^O^ 

Polycrystall1 ne ; 230-236 lb/ 
Kt ; 4.5-7.3* porosity; slip 
cast 

PolycrystaJline; zero poros¬ 
ity (j. T. Barker Chemical 
Company) 

Polycrystalllne; dense fused- 
alumlna brick (Oo* alumina) 

Polycrystalllne; 30* ooros- 
Ity 

Polycrystalllne; 12.5/ 
porosity 

Polycrystalllne; 25/ porosity 

Polycrystalllne; 211-230 lb/ 
ft , 94-95/ pure 

Test Methcd 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Prolate spheroidal method 

Prolate spheroidal method 

Comparative method 

Guarded hot plate 
(Twin plate) 

Comparative method 

Comparative method 

Comparative method 

Not given 

Remarks 

Author accuracy ± 4* 

Corrected to zero porosity 
by author 

60° from C-axls 

Author accuracy 1 13.5* 

Author accuracy ± 4* 

Author accuracy ± 5* 

Continued on next page 
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Aluminum Oxide 
Thermal Conductivity 

5ym 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

Francis, R. K., 
and Brovm, R. 

08^1 813-1751 Polycrystallinej Wesco 
alumina 

Comparative method and 
prolate spheroidal method 

O McNamara, E. P., 
Francis, R. F., 
and Tinlclepaugh, 

J. R. 

'd Sutton, W. H. 

086 851-1931 Polycrystalline; 3.3^5 poros¬ 
ity; hot pressed 

Comparative method 

114 75*1-1920 Polycrystalline; 184 Ib/ft^, 
25.69^ porosity; 99.5?5 M2O3 
"Type AP-30" (McDanel 
nefractory Porcelain Co.) 

Guarded hot plate method 
(Twin plate) 

V 

0 

a 

Adams, M. O57 1503-2709 

Fleldhouse, I. B. , 
Hedge, J. C., and 
Lang, J. I. 

Kingery, W. D. 

Paladino A. E., 
Swarts , E. L., 
Qlng, J. L. , 
Crandall, W. B. 

036 585-339O 

060 779-2777 

008 Not given 

Smoke, E. J., and 
Koenig, J. H. 

026 560-760 

Polycrystalllne; 228-230 lb/ 
ftj¡ 6.35-7.11/ porosity; 
slip cast 

Polycrystalllne 

Polycrystalllne; slip cast 

Polycrustalllne; 10# poros¬ 
ity; slip cast; from Norton 
38-900 alundum, Norton 
38-5OO alundum and calcin¬ 
ated aluminum trihydrate 

Polycrystalllne; 231 lb/ft^; . 
98# pure; 233 lb/ft3, 95# 
pure; 224 lb/ft3, 92.5# pure; 
210 lb/rt3, 85# pure; high 
alumina porcelain, 223 Ib/ft-3 

Prolate spheroidal method 

Cylindrical envelope 
method (Radial heat flow) 

Spherical envelope and 
cylindrical envelope method 

Guarded hot plate method 
(Twin plate) 

Comparative method 

Average of five runs 

Author accuracy ± 5# 
Helium atmosphere 

Insufficient Information, 
data not plotted 

Insufficient Information, 
data not plotted 

Frenchtown 
Porcelain Company 

052 671 Polycrystalllne; castable, 
215 Ib/ft3, 87# pure "Alumina 
#6096"; 232 lb/ft3, 94# pure 
"Alumina I6536"; 154 lb/ft3, 
96# pure "Alumina #9170"; 185 
lb/ft3* 79# pure "Alumina 
#7873"; 233 Ib/ft3, 94# pure 
"Alumina #4462" 

Not given Insufficient information, 
data not plotted 

Centralab 

Coors Porcelain 

Company 

ohakhtin, D. M., 
and Vishnevski!, 
I. I. 

053 

054 

076 

671 

530-2460 

Not given 

Polycrystalllne; castable, 
215 Ib/ft3, 85#-pure "Body 
205"; 234 Ib/ft3, 95# pure 
"Body 206"; 239 Ib/ft3 "Body - 
208", 99# pure; 100# pure 
"Body 207" 
Polycrystalllne; castable, 
211-215 lb/ft3, 85# pure 
"AD-85”; 223-227 lb/ft3, 94# 
pure "AD-94"; 230-233 lb/ft3- 
96# pure "AD-96"; 237-243 
lb/ft-5, 99# pure "AD-99"; 
238-241 lb/ft3, 99.5# pure 

"AD-995" 
Polycrystalllne; 3 samples 
of 4.5 to 40# porosity 

Not given 

Comparative method 

Insufficient Information, 
data not plotted 

Insufficient information, 
data not plotted 

Insufficient information, 
data not plotted 

a 

Truesdale, R. S., 
Swlca, J, J., 
Tlnklepaugh, J.R. 

088 Not given Polycrystalllne; alumina 
body 

Comparative method 

Norton Company 110 Not given Polycrystalllne; "Rokide-A" 
ceramic spray coating, 98.55# 
pure AlgOo, O.58# pure SlOo 
0.10# FegOj, 0.04# pure TiOg 
O.31# pure NaOg, 0.19# pure 
CaO, 0.23# pure MgO 

Not giver}, 

American Feld- 
muehle Corp. 

045 528-1932 Sintered AlpO-j ; 23 1 lb/ft3 

"Hypalox Grade E2" 

Not given 

Insufficient Information, 
data not plotted 

Insufficient information, 
data not plotted 

Samples are injection molded 
static molded or extrusion 
molded at elevated tempera- 

ture; comp, strength, 300 
kg/mnF 

o Truesdale, R. S., 
Swlca, J. J., 
Tlnklepaugh, J. R. 

235 682-2222 99.3# A120v 0.22# SlOp + 
others; 244 lb/ft3; 0# 
porosity; hot pressed; 
"Guitón HS-B Alumina" 

Comparative method Author accuracy +2#; grain 
size 4 micron; data cor¬ 
rected to zero porosity 

* Truesdale, R. S,, 
Swlca, J. J., 
Tlnklepaugh, J. R 

234 852-1932 Alumina, Wesgo; hot pressed 
at 1650°C; purity not giver 

Comparative method Tests conducted In vacuum 

¢3 

O 

Schwlete, H. E,, 
Granltzkl, K. E., 
Karsch, K. H. 

233 

Truesdale, R. S., 
Swlca, J. J., 
Tlnklepaugh, J. R. 

235 

837-3008 

726-2234 

98# AI2O3J 22.3# porosity; 
"Corundum" 

Norton H. P. Alundum; 99*5# 
AI2O3 + 0,40# MgO + others; 
hot pressed; 248 lb/ft3 

Cylindrical envelope method 
(Radial heat flow) 

Comparative method Author accuracy +2#; 
material hot pressed 

to zero porosity 



Aluminum Oxide 

Linear Thermal Expansion 
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1.20 

0.80 

a> 
a 

a 
a 
X 

0.40 

-0.40 
1Ó00 2000 2400 2800 3200 3600 4000 4400 4800 

Temperature, "Rankine 

Sym¬ 
bol 

Investigator Ref Range, °R Test Sample Test Method Remarks 

O 

a 

A 

V 

ô 

o 

û 

D 

D 

C7 

Fieldhouse, I. B., 
Hodge, J. C., 
Lang, J. I. 

Fieldhouse, I. B,, 
Hedge, J. C., 
Lang, J. I. 

Engberg, C. J., 
and Zehms, F. H. 

Whlttemore, 0. J.j 
Jr., and Ault, 
N. N. 

Whlttemore, 0. J., 
Jr., and Ault, 
N. N. 

Whlttemore, 0. J., 
Jr., and Ault, 
N. N. 

Mason, C. R., and 
Walton, J. D. 

McNamara, E. P., 
Francia, R. F., 
Tlnklepaugh, J. R, 

Schwartz, B. 

Coble, R. L., and 
Klngery, W. D. 

Beals, R. J., and 
Cook, R. L. 

Mauer, F. A., and 
Bolz, L. H. 

032 

036 

021 

0ÜU 

0i|l4 

0UH 

078 

086 

132 

IU0 

]li2 

14Í4 

620-3210 

540-2953 

2291-3731 

IO3I-319I 

IO3I-3191 

IO3I-319I 

599-2273 

851-2291 

530-2830 

530-2830 

530-2650 

490-3090 

Single crystal; synthetic 
sapphire 

Polycrystalline 

Polycrystalline; 24o lb/ft^; 
cold pressed 

Polycrystalline; 99# coarse 
fused grain 

Polycrystalline; 9956 sintered 
high density 

Polycrystalline; 885¾ clay 
bonded fused grain 

Polycrystalline; 174 lb/ft^; 
arc-sprayed 

Polycrystalline; 3.5# poros¬ 
ity, hot pressed 

Polycrystalline; slip cast, 
dried, fired; commercially 
pure fused refractory grains 

Polycrystalline; various 
porosities; sintered 

Polycryatalline; reagent 
grade 

Polycrystalline; commercial 
grade 

Telemicroscope method 

Telemicroscope method 

Tülemicroscope method 

Telemicroscope method 

Telemicroscope method 

Telemicroscope method 

Dilatometer method 

Dilatometer method 

Telemicroscope method 

Telemicroscope method 

X-ray diffraction method 

X-ray diffraction method He atmosphere 

Continued on next page 



Aluminum Oxide 

Linear Thermal Expansion 
Sym¬ 
bol 
L 

O 

O 

<3 

P 

a 
a 

û 

o 

o 

¢3 

O 

Investigator 

"Trombe, F. 

Trombe, P. 

Centralab 

Centralab 

Centralab 

Centralab 

Coors Porcelain 
Co. 

Coors Porcelain 
Co. 

Coors Porcelain 
Co. 

Coors Porcelain 
Ce. 

Coora Porcelain 
Co. 

Shevlln, T. S., 
and Hauck, C. A. 

Smoke, E. J., and 
Koenig, J. H. 

Smoke, E. J. 

Saxonburg Ceramics 
Inc. 

Saxonbui’g Ceramics 
Inc. 

Trombe, P. 

Truesdale, R. S., 
Swica, J. J., 
Tinklepauch, J.R. 

Norton Company 

American Feld- 
muehle Corp. 

Prenchtown Por¬ 
celain Co. 

Wa^htman. Jr., 
J.P., Scuderl, 
T. 0., Cleek, 
G.W. 

Wachtman, Jr., 
J. B., Scuderl, 
T. 0., Cleek, 
0. W. 

Wachtman, Jr., 
J. B., Scuderl, 
T. 0., Cleek, 
0. w. 

Wllfong, R. L., 
et al. 

Wachtman, Jr. 
J. B., Scuderl, 
T. 0., Cleek, 
0. w. 

Burk, M. 

Burk, M. 

Burk, M. 

Burk, M. 

Carborundum Co. 

Ref. 

131 

131 

053 

053 

053 

053 

054 

054 

054 

054 

054 

079 
and 
136 

026 

130 

047 

047 

131 

088 

045 

052 

239 

239 

238 

239 

240 

240 

240 

240 

043 

Range, °R 

■330-337« 

530-1930 

527-1571 

527-1571 

527-1571 

527-1571 

220-3160 

220-3100 

220-3160 

220-3160 

220-3150 

530-1930 

67I-I75I 

45O-6OO 

536-1751 

536-1751 

670 

Not given 

Not given 

492-2472 

492-2067 

O-1980 

0-1980 

239 0-198() 

537-2296 

0-1980 

I5O-5IO 

150-510 

I5O-5IO 

I50-5IO 

460-1860 

Test Sample 

Polycryetalllne; 95.55Í pure 

Polycrystallinej 99Í pure 

Polycrystalline; 215 lb/ft3 
85£ pure, "Body 205" 

Polycrystallinej 234 Ib/ft^ 
95# pure, "Body 206" 

Polycrystallinej 239 Ib/ft3 
99# pure, "Body 208" 

Polycrystallinej 100# pure 

Polycrystallinej 211-215 
Ib/Tt’j 85# pure; "AD-85" 

Polycrystallinej 224-227 
Ib/ftJ; 94# pure; "AD-94" 

Polycrystallinej 230-233 
Ib/ft^j 96# pure; "AD-96" 

Polycrystallinej 237-243 
lb/rt3j 99# pure; "AD-99" 

Polycrystallinej 238-241 
lb/rt3; 99,55s pure; "AD-995" 

Polycrystalline 

Not given 

Not given 

Pol, 
S 

Polycrystallinej 100# pure; 
S-T-61 

Polycrystallinej pure 

Polycrystallinej alumina 
body 

Polycrystallinej alundum 
grain; 99.'tO# AlpOo, 0.05# 
310,, 0,10# Fe,0,,'0,01# 
T10p, 0,35# Na20, 116 ib/rt3 

olycrystalllne; 222 lb/rt3; 
-640, 96# pure 

¡4 lb/rt3; 97# Al,o,¡ 
lypalox Orade E2" 

232 lb/rt3; 94# pure ; dry 
pressed ; 2.^9% porosity 

Single crystal: 249 lb/ft3; 
(Linde Company) 

Single crystal: 2^9 lb/ft3i 
(Linde Company) 

Single crystal: 2^9 Ib/ft^; 
(Linde Company) 

Single crystal; 995¾ pure 

Polycrystallinej sintered; 
2^8.5 lb/ft-*; (Oeneral 
Electric Co.) 

9*1$ AI2O3: zero porosity; 
227 Ib/fU 

100# AlpOa; 18-21# porosity; 
19;< lb/ft3 

85# A100t: zero porosity; 
206 lb/ft5 

99# AlpOo: zero poros!tv; 
2All lb/ft5 

Fused il'jmlna bubble;;; 8l# 
AlpOï, I6.8# riOo i others; 
8] lb/ft5; r;/i-67# porosity; 
Vlfr ix 81" 

Test Method 

Not given 

Not given 

Not given 

Not given 

Not given 

Not given 

Not given 

Not given 

Not given 

Not given 

Not given 

Dilatometer method 

Not given 

Dilatometer method 

Not given 

Not given 

Not given 

Dilatometer method 

Not given 

Not given 

Dilatometer method 

Interferometer method 

Interferometer method 

Interferometer method 

Interferometer method 

Interferometer method 

Dilatometer method 

Dilatometer method 

Dilatometer method 

Dilatomete?r method 

Not given 

Remarks 

Sales literature 

Salen literature 

Sales literature 

Sales literature 

Sales literature 

Sales literature 

Sales literature 

Sales literature 

Sales literature 

Insufficient Information, 
data not plotted 

Insufficient Information, 
data not plotted 
Insufficient information, 
data not plotted 

Insufficient Information, 
data not plotted 

Insufficient Information, 
data not plotted 

Insufficient information, 
data not plotted 

Insufficient Information, 
data not plotted 

Compressive strength, 300 
kg/mm2; max. temp, (stable) 
1700•c 

Author accuracy t 25# 

0B to C-axls 

90* to C-axis 

57.6* to C-axls 

600 from C-axls 

Usable .t temp, up *0 
3000®F; compre/::1 vc* .• f.renHh 
1? nri at 270:)° F 
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Aluminum Oxide 

Specific Heat 

o 500 

Temperature, 0 Kelvin 
1000 1500 2000 2500 

Sym¬ 

bol 

O 

□ 

A 

V 

Û 

Û 

b 

O 

D 

C7 

Investigator 

Olnnlnco, D. C., 
and Furukawa, G. T 

Glnnincs, D. C.f 
and Corrucclni, 

R. J. 

Shomate, C, H., 
nd Naylor, B. F. 

Furukawa, G. T., 

et al. 

Fieldhouse, I. B,, 

Hedge, J. C., 

Lange, J. I. 

Rodigina, E. N., 

and Gomel'skll, 

K. Z. 

Orland, R. A,, and 
Murphy, W. K, 

Ewing, C. T., and 

Baker, B. E. 

Fleldhouse, I. B,, 
Hedge, J. C,, 
Lange, J. I, 

Lucko, C. F,, and 
Deem, H. W. 

Lucks, C. F., 
Blng, G. F., et al, 

Hoch, M., and 
Johnston, H. L. 

Ref. Range,0 R 

134 

022 

12Î 

141 

032 

138 

135 

030 

036 

139 

075 

242 

O-2I7O 

491-2111 

820-3220 

10-2170 

1070-3260 

2470-3020 

570-1410 

670-1760 

960-2960 

930-2720 

1020-1400 

2796-4092 

Test Sample 

Single crystal; Corundum; 
synthetic sapphire (0.01- 
O.0255 Impurities) 

Single crystal; synthetic 
sapphire 

Single crystal; 1005¾ pure; 
colorless sapphire 

Single crystal; 99.9ty> pure; 
cc-AlgOß; synthetic sapphire 

Single crystal; synthetic 
sapphire 

Single crystal; 99.95¾ pure; 
a-Al2o3 

Single crystal; high purity 
corundum; ot - AI2O3 

Polyci'ystalllne, castable 

rolycrystalllne, castable 

I’olycryotalilne, castable 

Polycrystalline, castable 

246 Ib/ft3 (Nat. Bur. of 
Standards ) 

Test Method 

Drop method (Mixtures) 

Drop method (Mixtures) 

Drop method (Mixtures) 

Drop method (Mixtures) 

Drop method (Mixtures) 

Drop method (Mixtures) 

Drop method (Mixtures) 

Drop method (Mixtures) 

Drop method (Mixtures) 

Drop method (Mixtures) 

Drop method (Mixtures) 

Remarks 

Author accuracy 0.255 

Author accuracy i 0.45¾ 

Author accuracy 0. jo-2.975 

Author accuracy 1-2% 
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1.0 

0.6 

0.¾ 

0.2 

Aluminum Oxide 

Total Normal Emittance 
Temperature, 0Kelvin 

D D 
0 0 D D D 

fl □ A 
Ü 

a 
A 

O A 

a 
O A 

O 
À A 

□ O A 

1 
n . 

' 10 % 

i i 
~£ 1— 

\ 
□ 

7 
7\ 7 0 

□ 
/ V V 

u ki 
n c 

Û 
Û - 

3- -6 
Í 5 

1 —L— 1 

0.8 

0.6 

0.2 

Temperature, 0Rankine 

Sym¬ 

bol 
Investigator Ref. Range, °R Test Sample Test Method Remarks 

Olson, C. H., and 
Morris, J. C. 

034 160-3160 Polycrystalline; aluminum 
oxide on stainless steel; 
Norton "LA 603" 

Enclosed specimen method 
(rotating ) 

□ Olson, 0. H., and 
Morris, J, C. 

034 I6O-3160 Polycrystalline; aluminum 
oxide on stainless steel; 
Norton "RA 4213" 

Enclosed specimen method 
(rotating) 

A Olson, 
Morris, 

H., and 
C. 

034 160-3150 Polycrystalline, aluminum 
oxide on stainless steel; 
Roklde on stainless steel 

Enclosed specimen method 
(rotating) 

V Pattlson, J. n. 009 2176-3141 Polycrystalline; sintered 
AI2O3 Rotating cylinder in flame 

method 

Blair, G. R, 064 1211-3461 Polycrystalline; "Frenchtovm 
Alumina 4402" 

Totally exposed specimen 
method 

o 

û 

a 

0 

Coors Porcelain 
Co. 

Sully, A. H., 
Brandes, E. A., 

and Waterhouse, 
n. B. 

Carborundum Co. 

Carborundum Co. 

Wade, W, R., and 
Slemp, W. S. 

054 

O95 

1382-3389 

1210-1940 

Polycrystalline; "Coors 
Alumina AD 99" 

Polycrystalllne; "Pure" 

043 2010 Polycrystalllne; 87 lb/ft3; 
fused alumina bubbles; 5.55$ 
porosity; mullite forming 
bond 

043 I960 

231 1060-2260 

Polycrystalllne; 87 lb/ft3; 
5.896 porosity; alumina 
bubbles, alumina bonded 

Aluminum oxide paint spray 

Not given 

Totally exposed specimen 
method 

Not given 

Not given 

Totally exposed specimen 
method 

Oxidized 30 min. at 1800°P 
prior to test 
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.... 

Z 

■» 

..Cl 

V- j .- ■.- '_Âi ■,' v'v,v '.-Jv.'.-' "-k. -•'• - - -‘- 

Aluminum Oxide 

Thermal Diffusivity 

O.lts 

0.36 

0.30 

>■0.211 

’> 
’Si 
3 

SOO 

Temperature, “Kelvin 

1000 1500 2500 

0.18 

0.06 

V- 

V 

V 
f ï 

0 
u ’ c 1 

} 

1 

■ 0.09 

3 
X 

Q 

"Õ 

E 

0.031 

itoo SCO 1200 I6OO 2000 2I1OO 28OO 

Temperature, “Rankine 

3200 3600 1(000 UHOO H800 

Sym¬ 

bol 

□ 

A 

V 

Investigator 

Paladino, A« E,, 
SwartB, E, L., 
Oing, J. L. 
Crandall, W. B. 

PltZBlmmona, E, S, 

SwartB, E, L., and 
Crandall, W, B, 

Plummer, W, A., 
Campbell, D. E,, 
Comstock, A, A. 

Ref. 

008 

055 

081 

243 

Range,0 R 

3191-3731 

1211-1751 

3011 

537-2292 

Test Sample 

Polycrystalllnej 225 lb/rt^¡ 
10# porosity; Blip cast; 
"Norton 3O-90O" alundum, 
"Norton 38-5OO" alundum and 
calcinated aluminum tri- 
hydrate 

Polycrystalllne; 
slip cast 

218 Ib/ff3; 

Polycrystalllne; 355¾ porosity 

Sandwich plate; I90 Ib/ft-^ ; 

Test Method 

Double furnace method 

Drop-llquld ba h 
method 

Double furnace method 

Fixed Plate Method 
(Transient Heating) 

Remarks 

Average of experimental 
results (spread in data 

± 255Í) 

Author accuracy 2.55¾ 

Author accuracy +.15% 



700 

6oo 

• ljOO 
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Temperature, ° Kelvin 
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] 
X 

D 

( > 

& 

1 
J > -G 

Aluminum Oxide 

Compressive Strength 

2000 2500 

40000 

3000C 

20000 

loooc 

Temperature, 0Rankine 

Sym¬ 
bol 

Investigator Ref. Range,aR Test Sample Test Method Remarks 

O 

□ 

A 

V 

Bradshaw, V. G., 
and Matthews, C.O. 

/ioerlcan ?eld- 
muehle Comoratlon 

National Beryllla 
Corporation 

Carborundum 
Company 

029 

045 

049 

043 

330-3372 

527-2631 

327-2651 

ii60-1860 

Not given 

Not given 

Hot given 

8ljt AlpOo; 16.8% SIO2+ others 
8l lb/rt3j "Alfrax Bl" (fused 
alumina ’’bubbles" - AI2O3); 
54-67% 

Not given 

Not given 

Not given 

Not given 

Sales literature 

Weight approx. 85 lb/ft3; 
usable at temp, up to 3000*P,* 
12 psl at 2700 

27 

C
om

pr
ci

ii
v*
 

S
tr

en
gt

h,
 

k
g

/e
m

 



A
p

p
a

re
n

t 
T

h
e
rm

a
l 

C
o
n
d
u
c
ti
v
it
y
, 

B
tu

/h
r 

Aluminum Oxide Granules 

Apparent Thermal Conductivity 

Pressure, mm Hg 
0.00001 0.0001 0.001 0.01 0.1 10 100 1000 

Sym¬ 
bol 

Investigator Ref. Range,0 R Test Sample Test Method Remarks 

O Corruccinl, R. J. 10J» 338 Granular, fused alumina; 
125 lb/ftp 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: 540oR (hot 
surface) to 137°^ (cold 
surface), specimen test 
pressure <10’5 mm. Hg. 
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Aluminum Oxide - Lithium Carbonate System 

Thermal Conductivity 
Temperature, °Kelvin 

oc 
O 

1.^ 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0 

?50 500 750 1000 1250 

Sym¬ 
bol 

Investigator Ref. Range, ° R Test Sample Test Method Remarks 

O 

□ 

Thlelke, N, R, 

Duessem, W. R,, and 
Bush, E. A. 

096 

031 

693-201¾ 

730-2040 

Porosity lOSSj 133 lb/ft3 ; 
corresponded to the compound 
L120 + Al203 + 4S102, CP 

LI2CO3 A1203 24.5ÎÎ, 
pottery flint 57.8f< 

57.¾ Pottery flint, 24.5SÉ 
AlpO,, 17.7¾ LlpCO, , fired 
5 hr; at 1345¾ J 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 



Aluminum Oxide - Lithium Carbonate System 

Linear Thermal Expansion 

250 

Tamper ature, ° Kelvin 

500 750 1000 1250 
32 

24 

16 

32 

24 

16 

« 8 
c 
a a 
X 

-8 

16 

c 
3 

-15 

-24 
24 

200 400 600 800 1000 1200 1400 l600 1800 2000 2200 2400 

Temperature, "Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Thlelke, N. R. 096 581-2201 Porealty 10(t; 133 lb/rt3; 
corresponded to the co^ound 
LloO * AloOa • 4S10pe CP 
LloCO, 17.7?, AlpO, 24.5(4, 
pottery «Int 5758?, fi 
Spodueene 

Not given Data taken from smoothed 
curve 
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Aluminum Phosphate Coatings 

Thermal Conductivity 

250 

> 

u 
3 
TJ 
C 
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u 

"5 
E 

Temperature, °Kelvin 

500 750 

— 
— 
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— — — 

— — — 
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n 

, r i 
IT 

— 
0 0 ■) 

■ — 

■ 
■ 

1250 

O 

0.00? 

0,004 

).003£ 
*> 

z 
D 

*0 
c 
0 

I.002U 

0.001 

Temperature, “Rankine 

1600 1800 2000 2200 2400 

r—- 
Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

0 

□ 

A 

Eubanks, A. 0, 
and Moore, D. 0, 

Eubanks, A. 0., 
and Moore, D. 0. 

Eubanks, A. G. 
and Moore, D. 0. 

316 

316 

316 

035-1^35 

910-1625 

015-1Û10 

Aluminum phosphate coatings 
and filler of diatomaceous 
earth plus powdered quartz; 
53.2# porosity; 88 Ib/ft^; 
1-1/2 ln. dia. X 0.002 to 
0.20 In. thick 

Aluminum phosphate coatings 
and filler of powdered quartz 
and black-color oxide: 38.3# 
porosity; 127.5 Ib/ftB; I-1/2 
ln. dia. X 0.002 to 0.20 In. 
thick 

Aluminum phosphate coatings 
and filler of powdered quartz; 
40.4# porosity; 114 Ib/ftB; 
1-1/2 in. dla. x 0.002 to 
0.20 In. thick 

Comparative method 

Comparative method 

Comparative method 

% 

1 



Aluminum Phosphate Coatings 

Linear Thermal Expansion 

1,2 

1.0 

0) 
a 

0.8 

*5» 0.6 
c 
0 
a 
X 

0.4 

0.2 

250 500 

Temperature, “Kelvin 

750 1000 

'1 

IT 

IÍ 

1250 
1.2 

1.0 

0.8 

0.6 

4> 
a 

c 
q 
a 
X 

0 
E 
o 

JL 

0.2 0 
Q> 
C 

0.4 

-°-20 200 «00 600 800 1000 1200 1M0 1600 1800 2000 2200 2400 

Temperature, “Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Eubanks, A. 0., 
and Moore, D. 0. 

250 540-2060 Aluminum phosphate coatings 
and filler of powdered quartz; 
114 lb/ft3; 40.4% porosity; 
1/2 In. dla. x 1/2 In. long 

Dilatometer method Sample prepared In paste 
form and molded, then cured 
at 400°F (2 hr.) 

cylinder 

□ Eubanks, A. 0., 
and Moore, D. 0. 

A Eubanks, A. 0., 
and Moore, D. 0. 

250 540-2060 

250 540-2060 

Aluminum phosphate coatings Dilatometer method 
and filler of dlatomaceous 
earth and powdered quartz; 
88 lb/ft^; 53.2# porosity; 
1/2 In. long and 1/2 In. dla. 

Aluminum phosphate coatings Dilatometer method 
ana filler of black-color 
oxide and-powdered quartz; 
128 Ib/ft-5; 38.3% porosity; 
1-1/2 In. dla. x 1-1/2 In. 
long cylinder 

Sample prepared In paste 
form and molded, then 
cured at 400°F (2 hr.) 

Simple prepared In paste 
form and molded, then cured 
at 4000P ( 2 hr.) 
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Aluminum Phosphate Coatings 

Total Normal Emittance 

0.8 

r 0.6 

o 
Z 

0.2 

250 

Temperature, °Kelvin 

500 750 1250 

6oo Qoo 1000 

Temperature, 0Rankine 

0 

D Q 

O c 1 
C :C 

r 
ï 

O 

c 1 
— 

i.o 

0.3 

0.6 £ 

o.u 
o 
Z 

0.2 

Sym¬ 
bol 

Investigator 

Eubanks, A, 0., 
and Moore, D. G. 

Eubanks, A. 0., 
and Moore, D. 0. 

Ref. Range, °R 

250 

250 

805-1990 

920-1995 

Test Sample 

Aluminum phosphate coatings 
and Filler of black-color 
oxide and powdered quartz; 
128 Ib/ft^; 38.3# porosity; 
0.010 X 0.266 X 8,0 In. strip 

Aluminum phosphate coatings 
and filler of powdered quartz; 
ll^t Ib/ft-^; ¿JO.45É porosity; 
0,010 X 0,266 X 8.0 In. strip 

Test Method 

Totally exposed specimen 
method 

Totally exposed specimen 
method 

Remarks 

Conducted on cured specimen 
In vacuum, heated by current 
and Internal friction 

Conducted on cured specimen 
in vacuum, heated by current 
and Internal friction 

„1 
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Aluminum Silicate 

Thermal Conductivity 

.. lipilll 

r 500 

Temperature, °Kelvin 

1000 1500 2500 

14 

oc 
0 

hm 
JC 
\ 
3 
2 

;> 
w 
3 

“O 
c 
0 
u 

"5 
E 
k. 
0 

-c 

... 

A 

ï 

A 

A 

2 3 \ □ E JO 

1 7- 7 V V 1 _i 

0.05 

E 
0.04 w 

O.O3 

0.02 

0.01 

400 800 I6OO 2000 2400 2Ö00 3200 

Temperature, °Rankine 
3600 4000 4400 4800 

Sym¬ 
bol 

□ 

A 

V 

Investigator 

Ruh, E., and 
McDowell, J. S. 

Ruh, E., and 
McDowell, J. S. 

Truesdale, R. S 
Swlca, J. J., 
Tinklepaugh, J. 

Ruh, E., and 
McDowell, J. S. 

Ref. 

230 

230 

23't 

23O 

Range, °R 

792-2M5 

768-7502 

852-1932 

682-2141*6 

Test Sample 

Silica brick (cake-oven); 
gk.git S102, l.Qif MgOv, 2.9)6 
CaO; 107 lb/ft3; 25.6% 
porosity; cold crushing 
strength, 4240 pel 

Silica brick (superduty); 
96.3* Si02, 0.2* AI2O3, 2.9% 
CaO; 117 lb/ft3; 19.6% 
porosity; cold crushing 
strength, 4990 psl 

Alumina + 7.5% silica; hot 
pressed at l650*C 

Silica brick (insulating); 
92.5% Si02; 59 lb/ft3 

Test Method 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Comparative method 

Guarded hot plate method 
(Twin plate) 

Remarks 

Author accuracy +10%; 
precision +J35I 

Author accuracy +10%; 
precision +£% 

Test conducted In vacuum 

Author accuracy +10% 
precision +£% 
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c too 800 1200 1600 2000 2400 2800 3200 3G00 4000 4400 4800 

Temperature, 0Rankine 

/• 

» 
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i 

Sym¬ 

bol 
Investigator Ref. Range,0 R Test Sample Test Method Remarks 

(1 
A 

j 

Í 
j 

1 
•i 

1 
■ 

.1 
k 1 

ïj 

,1 

.1 

.1 

■1 

: 
-s 

O 

□ 

A 

Klngery, W. D., 
Francl, J., Coble, 
n. L., vafllloa, T. 

Klngery, W. D,, 
Franc1, J., Coble, 
R. L., Vaalloa, T. 

Smoke, E. J., and 
Koenig, J. H. 

Brown, R. W. 

062 

062 

026 

010 

672-2652 

852-2652 

560-760 

Porosity ll,4st; 174 Ib/rt3; 
pure fused material, ground, 
slip caat, firing temperature 
1780°C, 695É AlpO-a, 31.956 
sl02 

Porosity 29.856; 138 lb/ft3 

Mullite-type porcelain 

Not given 

Prolate spheroidal method 

Prolate spheroidal method 

Comparative method 

Not given " Inoufflclent Information, 
data not plotted 

r-r 
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Aluminum Silicate 

Thermal Conductivity 
Temperature, "Kelvin 

Temperature, "Rankine 

Sym¬ 
bol 

Investigator 

Carborundum Com¬ 
pany 

Carborundum Com¬ 
pany 

Carborundum Com- 
pa ny 

Carborundum Com¬ 
pany 

"arborundcm Com¬ 
pany 

Carborundum Com¬ 
pany 

Carborundum Com¬ 
pany 

• arbcrunnum Com- 

Ret. 

228 

228 

228 

228 

228 

228 

228 

Range, °R 

106C-2-''60 

860-2^6c 

860-2^:60 

86c-2^60 

960-2^60 

1060-2''60 

106c-2'160 

lo60-2'-6'j 

Test Sample 

" Plberfrax" oca ting;-cement ; 
ceramic fibern bonded with 
air setting binder; 
SiOp> AloOo, 2^ ethers 
115-122 lb/ft3 

"Plberfrax" ceramic fiber 
õ’-35 castable mix, ceramic 
fibers and inorganic binder 
mix; 20-28 lb/ft3 

"Plberfrax” ceramic fiber 
block, ceramic fibers, com¬ 
bined with Inorganic binder; 
12 Ib/f t3; " Plberfrax Block, 
Type P-13" 

"Plberfrax" ceramic fiber 
block, ceramic fibers com¬ 
bined with incrtanlc binder; 
20 1 b/f13; "Plberfrax Block, 
Type P-20" 

"Plberfrax" beard, rl -,Id 
sheet form of "Plberfrax" 
ceramic fibers; 25 lb/ft.3; 
1/' In0 thick 

"Plberfrax"-X7 felt, fine 
diameter fibers Interlocked 
Into flexible felt; 6,0 
1 b/f'.3 

"'■’Iberfrax" ceramic fiber, 
biankc* ; short staple fine 
fiber flanket ; 51 • 2$ AlpOî, 

l.'-v others; ' 

"'’llw.-rtx" ceramic f 1 
J en.' et 1 ; 11 r blanket ; XLF 
(l^r- am-•‘ ••r flt-r); '> lb/ 

7 mi :r n •, b !-r: -r f 

Pli'C’.cI ’ 1 !: 1 n r , * 1 ;'.<nes, 
1/ - In, ■ - 1/r 1 : . 

Test Method 

Not given 

Not given 

Not given 

Remarks 

Sales literature 

Bales literature 

Sales literature 

Sales literature 

Sales literature 

Sa 1er litera* ur-- 

Sale ? lit erature 
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Aluminum Silicate 

Thermal Conductivity 

Carborundum 
Company 

228 1060-2260 "Fiberfrax" ceramic fiber, 
lent, staple fibers (aluminum 
silicate fibers); sample size 
not given; 2.0 lb/ft3; packing 
density recommended 6.0 lb/ft’; 
fiber length 1/2 in. to 10 in. 
(average 2-3 in.) fiber diameter 
(mean) 4-10 microns 

Not given Sales literature 

D Carborundum 
Company 

228 1060-2460 "Fiberfrax" bulk fiber, sample 
size not given; bulk density, 
4.0 lb/ft3; packing density, 
6.0 lb/ft3; composition, 51»2% 
A1203, 47.4$ Si02, others 1.4£ 

Not given Sales literature 
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Aluminum Silicate 

Linear Thermal Expansion 
Temperature, °Kelvin 

0 500 1000 1500 2000 2500 

Sym¬ 
bol 

Investigator Ref. Range,3 R Test Sample Test Method Remarks 

O
 
□
 

<
 
>
 

McDanel Refractory 
Porcelain Co. 

McNamara, E. P#, 
Francis, R. K., 
Tinklepaugh, J.R. 

McKlnstry, K. A., 
and Hocker, C. F. 

Carborundum 
Company 

065 

086 

182 

228 

564-2292 

852-2292 

540-2280 

492-2760 

Density 200 lb/ft3; MV-30 
vitreous refractory nullité 

Porosity 7.556} hot pressed 
mullite 

Not given 

'Fiberfrax" coating cement, 
ceramic fibers bonded with 
air setting binder; density 
(dry) 116-122 lb/ft-*; 5*i- 
57# Si02, '11-4'i# AI2O3, 
2.0# others 

Dilatometer method 

Dilatometer method 

Not given 

Not given 

Sales literature, data 
taken from smoothed curve 

Sales literature 
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j 
Aluminum Silicate 

1 

i-l 

s 
K\, 

i 

'■* 

c 

Specific Heat 
famperatute, "Kelvin 

1. 

« 

« 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Carborundum 
Coapany 

??8 672-1482 "Fiberfrax" coating ceaent, 
ceramic fibers bonded with 
air setting binder: density 
(dry), 115-122 lb/ft3; 
54-572 S102, 41-44ÎÎ AI2O3, 
2.0 others 

Mot given Sales literature 
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Aluminum Silicate 

.«P.. 

Total Normal Emittance 
Temperatur«, "Kelvin 

0 500 1000 1500 2000 2500 

Temperature, "Ranlcine 

(U 
V> 
C 
O 

1 
LU 

O 
E 
O 
Z 

ö 
O 

b i 

jft'i 
■« i 

N 

Sym¬ 
bol 

Investigator Ref. Range,0 R Test Sample Test Method Remarks 

O Pattiaon, J. R. 009 2050-3150 Not given Enclosed specimen method 
(rotating) 



Asphalt - Glass Wool Pad 

Apparent Thermal Conductivity 
Temperatur«, °Kelvm 

0 125 250 375 500 625 

Temperature, °Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Rowley, F. B., 
Jordan, R. C,, 
Lander, R. M. 

039 420-560 Asphalt-elass wool pad, 17.7 
Ib/ftJ, specimen 1 In. thick, 
moisture content as received 

Guarded olngle plate 
method 

Test chamber partially de¬ 
humidified at atmospheric 
pressure 

■oae * 
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Barium Fluoride 

Thermal Conductivity 

14 
125 

Temperature, “Kelvin 

250 375 500 625 

ac 
O 

£ 

3 
CO 

3 
U 
C 
o 

KJ 

0.05 

0.04 S 

O.03 >■ 
■> 
z 
3 

•a 
0 

0.02W 

0 
E 

100 200 300 400 500 600 TOC 

Temperature, “Rankine 

800 900 1000 1100 1200 

Sym¬ 
bol 

O McCarthy, K. A., 
and Ballard, S. S. 

Investigator Ref. 

244 

Range, °R 

405-666 

Test Sample 

Barium fluoride crystals; 
2.0 cm. dla. x 0.50 cm. 
thick (Optovac Company) 

Test Method 

Comparative method and 
Ouarded rod method (Axial 
heat flom) 

Remarks 
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Sym¬ 
bol 

Investigator Ref. Ronge,0 R Test Sample Test Method Remarks 
» 1 
* -] 
r\ 

kl 

, 1 

S 

O Heely, J. J., 
Teeter, C. S. 
Trice, J. B. 

070 1032-2112 Polycrystalllne; 805É Be^, 
Impuritler mostly BeO and 
Be3N2 

Cylindrical envelope 
method (Radial heat flow) 

Author accuracy ± 2000 

1 
\ 1 

'■ •" .',1 
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Beryllium Carbide 

Specific Heat 

1.4 

1.2 

A 

2 0.8 

a 
« 
X 

a 

0.6 

0.4 

0.2 

500 

Temperature, 0 Kelvin 
1000 1500 2500 

1.4 

1.2 

0.8 

0.6 

0.4 

0.2 

0> 

0 

0 
0 

s a 
i/> 

0 400 800 1200 1600 2000 2400 2800 3200 36OO 4000 4400 4800 

Temperature, 0Ranlcine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Neely, J. J., 
Teeter, C. E. 
Trice, J. B. 

070 '192-2652 Polycrystalline; before test 
80# pure, after test 74# 
BepC; most of impurities vrere 
oxide and nitride 

Drop method (Mixtures) Author accuracy 10-15ÍJ 
(not corrected for 
impurities) 

4 4 

■ 
« 

■^i 

1 

1 
a
. 

. 
.-

. 
. 

-t
 



140 
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Beryllium Oxide 

Thermal Conductivity 
Temperature, °Kelvin 

1000 1500 2000 2500 

7 
«dl 

S0 
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0 
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V 

r in 
2 1 

V 

1 / 1 
u| 5 1 

1 \ ¿j ? 
? 

J 
AÍ 7, 

D * A 
h I 

£ ) A - 
/ 

Li 
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i Æ n 
C 1 1 % 

M 
\ p « ' U 

1. X 1 1, y 
6 3 c 1 y § ñ 1 J n 

m 0 “I m 

H 9 y 4 DO 1 200 1 y 2 OOO ? inn 2 _L □ZL ii 

0.5 
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0.3 
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0.1 

* 
o 

E 

Temperature, °Rankme 

Sym¬ 
bol 

□ 

A 

y 

'Q 

Û 

Q 

Ci 

A 

O 

C7 

Ci 

Investigator 

Klngery, W. D., 
Prancl, R. L., 
Coble, R. L., 
Vaslloa, T 

McQuarrle, M. 

Adams, M. 

Prancl, J., and 
Klngery, W. D. 

Klngery# W. 0., anc 
Norton P. H. 

Powell, R, W, 

Powell, R. W, 

Powell, R. W. 

Dltmars, D. A., anc 
G Innings, D. C. 

National Beryllla 
Corporation 

Booker, J., 
Paine, R. M., 
Stonehouse , A. J. 

Taylor, R. E. 

Taylor, R. E, 

Ref. 

062 

059 

057 

058 

137 

11(5 

1K5 

11*5 

1**3 

049 

2**5 

2**6 

296 

Range, °R 

871-3371 

2363-3731 

1175-2651 

635-1499 

1290-2330 

600-1050 

600-1580 

600-1580 

560-1840 

851-1931 

1260-3060 

1080-3960 

1440-3600 

Test Sample 

Polycrystalllne; I68-178 lb/ 
ft3; 4.67-9.95# porosity; 
slip cast 

Polycrystalllne; 5-10# poros 
itys 0.01# Fe203, 0.08# AI2O3, 
O.I8# MgO remainder BeO 

Polycrystalllne; 9.7# poros¬ 
ity; 168 Ib/ft3; slip cast 

Polycrystalllne; 178 lb/ft3; 
slip cast 

Polycrystalllne; 174 lb/ft^ 

Polycrystalllne; 169.7 lb/ft^ 
hot pressed 

Polycrystalllne; 115.4 lb/ft3 
99# ♦ BeO 

Polycrystalllne; 143,5 lb/ft^ 
99# ♦ BeO 

Polycivstalllne; I63 lb/ft3 
99.8# BeO 

Polycrystalllne; I88 lb/ft^ 
100# dense body; "Berlox" 

Polycrystalllne (Brush 
Beryllium Company) 

Polycrystalllne; 170-I8I lb/ 
ft3; hot press; slip cast 

Polycrystalllne; 18I lb/ft3; 
hot press; grain size 60 
microns 

Test Method 

Comparative method and 
prolate spheroidal method 

Prolate spheroidal method 

Prolate spheroidal method 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Guarded rod method 
(Axial heat flow) 

Not given 

Cylindrical envelope method 
(Radial heat flow) 

Cylindrical envelope method 
(Radial heat flow) 

Cylindrical envelope method 
(Radial heat flow) 

Remarks 

Author accuracy ± 12# 

Author accuracy ± 3# 

Saleo literature 

Author accuracy ^5# 

Author accuracy 5# 

Author accuracy Í5# 
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Beryllium Oxide 

Linear Thermal Expansion 
Temperature, °Kelvin 

Temperature, ° Rankine 

Sym- 
bol 

Investigator Ref. Range,0 R Test Sample Test Method Remarks 

Engberg, C. J., 
and Zehma, £. H. 

021 2291-4091 Polycrystalline; 100 Ib/ft-*; 
hot pressed, EPL-2 

Telemlcroacope method 

□ Engberg, C. J., 
and Zehms, E. H. 

021 2292-4092 Polycryatalllne, i8o lb/ft^; 
hot pressed; EP1-3 

Telemicroscope method 

A Engberg, C. J., 
and Zehms, E. U. 

021 2292-4092 Polycryotalline; 183 
hot pressed, DQ-1 

Telemlcroacope method 

V 

Û 

Û 

Q 

A 

Engberg, C. J#, 
and Zehms, E. H. 

Selbel, R. D,, and 
Mason, G. L. 

National Beryl11a 
Corp. 

Beals, R. J., and 
Cook, R. L. 

Schwartz, B. 

Coors Porcelain Co. 

Frenchtown 
Porcelain Co. 

021 2292-4092 

063 

049 

142 

I23O-313O 

851-2291 

590-2660 

133 590-2300 

059 

052 540-2060 

Polycrystalllne, 172 Ib/ft^j 
extruded, PF-1 

Polycrystalline; 109-135 lb/ 
ftJ (Beryllium Corp.) 

Polycryatalllne; 188 Ib/ft3; 
IOO56 dense body; "Berlox" 

Reagent grade 

Wot given 

Polycrystalline; 6.675Í poros¬ 
ity; 175 lb/ft3; slip cast; 
dry press; "Prenchtown #7198" 

Telemlcroacope method 

Dilatometer method 

Not given 

X-ray diffraction method 

Dilatometer method 

Not given 

Dilatometer method 

D Taylor, R. E. 246 360-3690 Polycryatalllne; 186 lb/ft^; 
hot pressed 

Dilatometer method 

Sales literature 

Insufficient Information; 
data not plotted 

Estimated accuracy i. 0.23)( 

Author accuracy 3)6 
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Beryllium Oxide 

Linear Thermal Expansion 

Sym¬ 
bol 

D 

P 

Investigator 

Burk, M. 

Grain, C. F., and 
Campbell, W. J. 

Grain, C. F., and 
Campbell, W. J. 

Rel. 

2ko 

2^’f 

24? 

Range, °R 

150-510 

542-2530 

542-2530 

Test Sample 

Berylllaí 96JÉ BeO; zero 
poroaity; 178 Ib/ft’ 

99+% BeO j powdered 

99+% BeO j powdered 

Test Method 

Dilatometer method 

X-Ray diffraction method 

X-Ray diffraction method 

Remarks 

Cooled by liquid nitrogen; 
expansion measured from 20*C 

Platinum reflection used for 
furnace alignment and cali¬ 
bration; expansion measured 
parallel of A-axis 

Platinum reflection used for 
furnace alignment and cali¬ 
bration; expansion measured 
parallel of C-axis 



Beryllium Oxide 

Specific Heat 

0.56 

0.48 

0.40 
oc 
o 

M 
\ 

2 0.32 

0 

X 

il 

I 
0,24 

0.16 

0.08 

500 

Temperature, °Kelvin 

1000 1500 2000 

£ 

i 

]! ! 

2500 
0.56 

0.48 

0.40 

o 

01 
\ 

0.32 Ti 

0.24 

D 
« 

X 

3 
a 
i/> 

0.16 

0.08 

'•oo 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 

Temperature, °Rankine 

Sym¬ 
bol 

Investigator Ref. Range,0 R Test Sample Test Method Remarks 

O 

□ 

A 

V 

National Beryllia 
Corp, 

Walker, Jr., B. E. 
Ewing, C. T., 
Miller, R. R. 

Walker, Jr., B.E., 
Ewing, C. T., 
Miller, R. R. 

Walker, Jr. B.E., 
Ewing, C. T., 
Miller, R. R. 

Chirkin, V. S. 

049 

249 

24g 

24g 

248 

527-2111 

546-1932 

546-1932 

546-1932 

312-2292 

Polycrystalline* 188 lb/ft3j 
10C$ dense bodyj "Berlox" 

97% BeO-3% Be; hot press 

88# BeO-12# Be; hot press 

100# BeO, hct press 

Pure BeO; sintered and cast; 

I38-I63 lb/ft3 

Not given 

Drop method (Mixtures) 

Drop method (Mixtures) 

Drop method (Mixtures) 

Not given 

Sales literature 

Author accuracy ^# 

Author accuracy ^3# 

Author accuracy ^3# 

Translation of selected 
Russian articles 
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Beryllium Oxide 

Total Normal Emittance 
Temperature, ° Kelvin 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

>
 

□
 

O
 

Seifert, R, L, 

Seifert, R. L. 

Seifert, R. L. 

128 

128 

128 

2180-3610 

2180-3900 

2170-3890 

Polycrystalline; 178 lb/ft^; 
hot pressed 

Polycrystalline; 177 Ib/ft3; 
hot pressed 

Polycry s tal line j 173 Ib/ft3,* 
hot pressed 

Radiant heat measured with 
thermopile, sample temperature 
by calibrated optical pyrometej 

Radiant heat measured with 
thermopile, sample temperature 
by calibrated optical pyrometei 

Radiant heat measured with 
thermopile, sample temperature 
by calibrated optical pyrometer 

Author accuracy ± 205¾ 

Author accuracy ± 205¾ 

Author accuracy ± 20# 
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Beryllium Oxide 

Compressive Strength 

. .... 
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'■;v 
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I 

i 
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Temperature, ° Kelvin 
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15000 
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1100 800 1200 1600 2000 2400 2800 

Temperature, °Rankine 
3200 3600 4000 4400 4800 

Sym¬ 
bol 

O 

□ 

Investigator 

Bradshaw, W. 0,, 
and Matthews, C.O. 

National Beryllia 
Corporation 

Ref. 

029 

049 

Range, °R 

530-2832 

527-3371 

Test Sample 

Not given 

Polycrystalllne: 188 lb/ft^j 
1009Í dense body; "Berlox" 

Test Method 

Not given 

Not given 

Remarks 

Sales literature 
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Boron Carbide 
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Thermal Conductivity 
Temperatur«, "Kelvin 

0 500 1000 1500 2000 2500 

Temperature, 0 Rankine 

2r 
'> 

-o 
c 
o 
U 

Sym¬ 
bol 

Investigator Ref. Range,0 R Test Sample Test Method Remarks 

O 

O 

A 

Deem, H. W., and 
Lucka, C. F. 

Deem, H. W., and 
Lucks, C. F. 

Deem, H. W., and 
Lucks, C. F. 

215 

215 

215 

660-1930 

850-1930 

890-1930 

Polycrystalline; castable, 
119 Ib/ft-3; boron carbide 
(No. Dll,793-1) 

Polycrystallinc; castable, 
145 lb/rt3; boron carbide 
(Norton No. 011,776-2) 

Polycryatalllne; castable, 
156 Ib/ftP; boron carbide; 
77.If B, 22,2% 0(83.850), 
hot pressed 

Comparative method 

Comparative method 

Comparative method 
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Temperatur«, 0 Rankine 

Sym 
bol 

O 

□ 

A 

V 

Investigator 

Engberc, C. J., 
and Zehma, E. H. 

Engberg, 0. J,, 
and Zehmn, E. H. 

Whlttemore, 0. J,, 
and Ault, N. N. 

dangler, J. J. 

Ref. 

021 

01) lt 

188 

Range,0 R 

2292-4092 

2292-4092 

1032-2112 

540-1560 

Test Sample 

Polycryetalllne; castable, 
136 lb/rtd; hot pressed 

PolycryotalUne; castable, 
156 lb/ft3j hot pressed 

Polycrystalline; castable, 
hot molded; specimen compo- 
oltion not given 

Polycrystalline; castable, 
156 Ib/rtd; 79,0¾ B, 10.fg* 
combined 0, 3.85)6 freo C, 
hot presaed graphite mold 

Test Method 

Telemicroscope method 

Telemicroscope method 

Telemlcroscope method 

Dilatometer - 
Interferometer method 

Remarks 

First specimen 

Second specimen 
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Boron Carbide 

X 
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Specific Heat 
Temperature, "Kelvin 

0 500 1000 1500 2000 2500 

Temperature, "Rankine 

Sym¬ 
bol 

Investigator Ref. Range, ° R Test Sample Test Method Remarks 

0 Kelley, K. K. 213 100-530 Polycrystallinej B4C, 
free and Included graphite 

Ouarded sample method Author accuracy 0.5JÍJ 
results corrected for 
graphite 

i 
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Boron Nitride 

Thermal Conductivity 

28 
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Temperature, °Kelvin 
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1,00 800 1200 1600 2000 21100 2800 3200 3600 WOO ItliOO lt800 

Temperature, °Runkine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method 

O McNamara, E. P,, 
Francia, R. K., 
Tinklepaugh, J, R. 

086 352-1932 Polycryntallinej hot pressed; 
measurements made parallel 
to grain orientation 

Comparative method 

Remarks 

□ McNamara, E. P., 
Francis, R. K., 
Tinklepaugh, J. R. 

086 852-1932 Polycrystalllne; hot pressed; 
measurements made perpendic¬ 
ular to grain orientation 

Comparative method 

A Taylor, K. M. 216 1120-2290 Polycrystalllne; 131 lb/ft3; 
9T/' BN, 2.04* BpOo, 0.250 
SiOg, 0.150 AlgOo, 0.000 C, 
measurements made parallel 
to pressine direction 

Not given 

V Taylor, 21Ó II2O-2290 Polycrystalllne; 131 
970 BN, 2.040 B0O3, 0.250 
S102, 0.150 AI2O3; 0.000 C, 
measurements made perpendic¬ 
ular to pressing direction 

Not given 

Moeller, C. E., 
and Wlleon, D. R. 

225 965-2980 Commercially pure boron 
nitride, 120 porositv 
(Carborundum Company; 

Cylindrical envelope 
method (Radial heat flow) 

Properties measured on axis 
perpendicular to pressing 
axis; Argon gas 

Û Moeller, C. E., 
and Wllaon, D. R. 

225 900-2620 Commercially pure boron 
nitride, 120 porositv 
(Carborundum Company; 

Cylindrical envelope 
method (Radial heat flow) 

Argon gas, measured during 
cooling 

Û Moeller, C. E., 
and Wilson, D. R. 

225 1450-2940 Commercially pure boron 
nitride; 120 porositv 
(Carborundum Company; 

National Develop- 252 
ment Corp. 

1032-2292 '1r .mil ir BN; l?5-13l 
hot press« ! disc 

Cylindrical envelope 
method (Radial heat flow) 

'ot glv n 

Argon gas, measured during 
cooling 

Higher values - perpendic¬ 
ular; Lower values - parallel 

A Ingles, T. A., 
and Popper, B. 

pc, ; ICJn-2260 970 RN, 2Ji# FW ,, ¿0 others; 
HI Vb/ft : 

Measurement' parallel to 
pressing direction 

o Ewing, C. T., 
W? 1 ker, dr., R. •:., 
Spann, J. R,, et 
al. 

253 1032-22:2 'iT0 nN, 2.- » IV.Ot, 0., f 1 
;nd A1 ; rpt clrr r,, In. 

'omfv.r tlv tMo., Author accura- , to f ; 
av î «re d^vlatlori < 1 . ^ 
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Boron Nitride 

Linear Thermal Expansion 

h. 

i. 
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*3 
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îE 

a 
c 
2 

Temperatur«, 0 Kelvin 
0 500 1000 1500 2000 2500 

Temperature, ° Rankin« 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Heel, D. 3., and 
Pears, C. D. 

107 510-3850 Not given Dilatometer method 
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Boron Nitride 

Specific Heat 

250 

Temperature, “Kelvin 

500 750 1250 
0.7 

0.6 

0.5 

O.it 

0.3 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 0.1 

0 200 400 6OO SCO 1000 1200 1400 I6OO 1800 2000 2200 2400 

Temperature, “Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

0 Walker, Jr., B.E., 
Ewing, C. T., 
Miller, R. R. 

249 546-1932 97 , 45S BN, 2.4)* BjOa, 0.2JS Al 
and 31¡ hot pressed 

Drop method (Mixtures) Author accuracy 
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Boron Nitride 

Total Normal Emittance 
Temperature, ° Kelvin 

500 

0.Ö 

0,6 
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D Nn 

1.0 
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0.6 
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Temperature, °Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 
O Neel, D. S., and 

Pears, C. D. 
107 1350-4540 Not given Enclosed specimen method 

(fixed) 
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Calc'um Fluoride 

Thermal Conductivity 
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Temperature, °Kelvin 
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200 400 600 Boo 1000 1200 1400 1600 1800 8000 8800 8400 

T.mp.ratur., "Rankin* 

Sym¬ 
bol 

□ 
A 

Investigator 

Charvat, P. R. 

Charvat, P. R. 

McCarthy, K. A., 
and Ballard, S.S. 

Ref. 

068 

068 

844 

Range, "R 

600-1690 

600-1870 

418-665 

Test Sample 

Single cryatal 

Polycryatalline; 510 Ib/ft-^ 

Polycryatalllne; disc pellet 
1.0 cm. radlua x 0.50 cau 
thick (Optovac Co.) 

Test Method 

Conparatlve method 

Comparative method 

Comparative method 

Remarks 

Data corrected to 
porosity 
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Calcium Fluoride 

Linear Thermal Expansion 
Temperature, ° Kelvin 

0 250 500 750 1000 1250 

Temperature, °Ranlcme 

c 
o 

•5 
C 

l 

0 e c 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Vhlttemorc, 0. J., 
Jr., and Ault, 
N. N. 

(M 1032-2112 Polycryatalllne; sintered 
high density 

Telemlcroscope method 
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Calcium Oxide 

Thermal Conductivity 
Temperatur«, °Kelv¡n 
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Calcium Oxide 

Linear Thermal Expansion 
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Temperature, 0 Kelvin 
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Temperature, DRankine 

Sym¬ 
bol 

□ 
A 

Investigator 

Whlttemore, 0. J. 
and Ault, N. N. 

Smoke, E, J., and 
Illyn, A. V. 

Beals , R. J., and 
Cook, R. L. 

V Grain, C. F., and 
Campbell, W. J. 

Ref. 

ouh 

030 

1^2 

23? 

Range, °R 

1031-532 

391-1391 

525-2350 

Test Sample 

Polycrystalline; coarse 
fused grain 

Not given 

Reagent grade 

533.25IS Reagent quality CaO.; 60« CaO 
and 30$ platinum 

Test Method 

Telemicroscope method 

Not given 

X-ray diffraction method 

X-ray diffraction method 

Remarks 

Ground and fired at 1400°C 
for 5 hr, Sample spread over 
a platinum coated aluminum 
holder. Platinum reflection 
used for furnace alignment 
und calibration 
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Calcium Silicate 

Thermal Conductivity 

Tempercture, “Kelvin 

Synv 
bol 

Investigator 

Spell, S. 

Spell, S. 

Spell, S. 

Spell, S. 

Spell, S. 

Spell, S. 

Spell, S. 

Spell, S. 

Spell, S. 

Ref. 

195 

195 

195 

195 

195 

195 

195 

195 

195 

Range, “R 

260-460 

340 

340 

340 

340 

340 

340 

340 

340 

Test Sample 

Calcium silicate, board; 
13.0 Ib/ftJ; "Thermobestoa" 
(Johns-Manvllle) 

Calcium silicate, board; 
3.7 Ib/ft3 (Johns-Manvllle) 

Calcium silicate, board; 
4.5 lb/rt3; (Johns-Manvllle) 

Calcium silicate, board; 
10.0 lb/ft3 (Johns-Manvllle) 

Calcium silicate- opacified, 
board; 4.8 ib/W (Johns- 
Manvllle) 

Calcium silicate- opacified, 
board; 7.2 lb/ft3 (Johns- 
Manvllle) 

Calcium silicate, opacified, 
board; 10.6 lb/ft3 (Johns- 
Manvllle) 

Calcium slllcate-asbestos, 
board; 24 lb/ft3; "Marlnlte 
23" (Johns-Manvllle) 

Calcium slllcate-asbestos, 
board; 39 lb/ftJ; "Marlnlte 
36" (Johns-Manvllle) 

Test Method 

Guarded single plats 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Remarks 

Temperature: 530° to 150°K 

Temperature: 5300 to 150°R 

Temperature: 530° to ISO?« 

Temperature: 530° to 150°n 

Temperature: 530° to 150°H 

Temperature : 530- to 150" 

Temperature: 530° to 150°R 

Temperature: 530° to 150°R 

Temperature: 530° to 150°R 

Continued on next page 
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Calcium Silicate 

Thermal Conductivity 
Sym¬ 
bol 

Investigator Ref. Ronge,0 R Test Sample Test Method Remarks 

D 

D 

O 

b. 

O 

Spell, S. 

Euener, 0. R., and 
Shapland, J. T. 

Owens-Corning 
Plberglaa Corp. 

Eusner, Q. R,, and 
Shapland, J. T. 

Eusner, 0. R,, and 
Shapland, J. T. 

195 

25^ 

271 

25^» 

25^ 

'i'IO 

910-11110 

560-960 

660-1260 

910-1560 

Calcium silicate-asbestos, 
board; 71 lb/ft3; "Marlnlte 
65" (Johno-Manvllle) 

Llme-sillcate; I69 Ib/ft^j 
92.6^ porosity; 12x12x3* 
blocks 

Calcium silicate (rigid); 
11-13 lb/ft3; "Kaylo-20" 

Lime-silicate; I56 lb/ft3; 
91*2^ porosity; 12 in, x 
12 in. x 3 in. blocks 

Llme-sillcate; 138 lb/ft^; 
89.9$ porosity; 12 in. x 
12 In, x 3 in. blocks 

Guarded single plate method 

Guarded single plate method 

Not given 

Guarded single plate method 

Guarded single plate method 

Temperature; 530° to 150°R 

Data taken from smoothed 
curve 

Data taken from smoothed 
curve 

Data taken from smoothed 
curve 
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Calcium Silicate 
Apparent Thermal Conductivity 

0,00001 0.0001 

Pressure, mm Hg 
0.001 0.01 0.1 1 100 1000 

0 

s 
ï 

1¾ 
1* 
U 

“5 
E 
e 

Í 
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Investigator 
bol_ 
0 Kropschot, R, H. 

Ref. Range, °R Test Sample 

O69 338 Calcium silicate powde 
(synthetic): 11 lb/ft^ 
0.02^ 

Test Method Remarks 

r Cylindrical envelope 
, method (Radial heat flow) 

Temperature! 540° to 137°n 

□ Kropschot, R, H. 069 338 Calcium silicate powder 
(synthetic)! 22 lb/ft3, 
0.02 to 0.0?p 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: 540° to 137°R 

A Kropschot, R. H. 069 338 

V Johns-Manvllle 157 338 

Johns-Manvllle 157 338 

Ô Johns-Manvllle 157 288 

Calcium silicate powder 
(synthetic): 22 lb/ft3, 
0,02 to 0.07/a 

Manvllle) 

Calcium silicate powder 
(synthetic): 7 lb/ft3, 
"Micro-Cel T-4" (Johns 
Manvllle) 

Calcium silicate powder 
(synthetic): 7 lb/ft3, 
"Micro-Cel T-4" (Johns 
Manvllle) 

Cylindrical envelope 
method (Radial heat flow) 

Not given 

Hot given 

Not given 

Temperature: 54o° to 137°R, 
pressure N2 at 628 mm. Hg 

Temperature: 540° to 135°R, 
emlsslvlty of walls 0,86, 
samp]es pre-drled, accuracy 
estimated by manufacturer 
not 
Temperature: 540° to 13r3°R 
emlsslvlty of walla 0.86, 
samples pre-drled, accuracy 
estimated by manufacturer 
±10* 

Temperature: 540° to 36°R» 
emlsslvlty of walla 0.86, 
samples pre-drled, accuracy 
estimated by manufacturer 
±10* 
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200 <400 600 Boo 1000 1200 1400 

Temperature, °Rankine 

1600 1Ö00 2000 2200 2400 

Sym¬ 
bol 

Investigator 

Owens-Cornlng 
Fiberglas Corpora¬ 
tion 

Ref. 

271 

Range, °R 

659 

Test Sample 

Calcium silicate (rigid); 
11-13 lb/ft3; "Kaylo-20" 

Test Method 

Not given 

Remarks 

( ( 
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Calcium Silicate 

Compressive Strength 
Temperature, °Kelvin 

Temperature, 0Rankine 

Sym¬ 
bol 

Investigator Ret Range, °R Test Sample Test Method Remarks 

O Eusner, Q. H., and 
Shapland, J. T. 

25*1 680-2360 Calcium silicate; 13.1 Ib/ft^; 
92.6% porosity 

Not given 

67 
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Carbon - Special Forms 

Thermal Conductivity 

500 

T«mp«rature, “Kelvin 

1000 1500 2000 2500 

280 

240 

4: 200 

3 
a 

160 
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3 
~0 
C 
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«J 

120 

1= 

f 
n 
-V ks 

r1 0 

0- A 
© 

A 

S’, 

r \ r 
r rl r 1 r 

r 7 A 

I Ö à- -fc 1- 
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A 
\7 a 

[A ’ 
■V a A i. 

u 1 

1.0 

0.8 

o 

E 

0.6 

0.4 

'> '1 
3 

T> 
C 
0 
o 

.0.2 

Temperature, “Rankine 

Sym¬ 
bol 

0 

□ 

A 

V 

Investigator 

Raytheon Company 

Raytheon Company 

Bourdeau, R. G. 

Pappls, J., and 
Blum, S. L. 

Slack, G, A. 

Ref. 

113 

113 

224 

266 

Range, °R 

640-1140 

560-1190 

490-4860 

684-4260 

5-540 

Test Sample 

Pyrolytic graphite; 135 lb/ 

Pyrolytic graphite; 12^ lb/ 

Pyrolytic graphite; 138 lb/ 

Pyrolytic graphite; 138 lb/ 

Pyrolytic graphite; 13? lb/ 
ft-1 (General Electric Co.) 

Test Method 

Not given 

Not given 

Not given 

Measured In the "A" direction 

Comparative method and 
cylindrical envelope method 
(Radial heat flow) 

yeasured In the "A" direction 

Comparative method and 
cylindrical envelope method 
(Radial heat flow) 

Remarks 

Measured in the "A" direction 

Measured in the "A" direction 
Data taken from smoothed 
curve 

Measured In the "A" direction 

*4 

“i 
-, 

1 
::1 

1 

1 

-1 
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Carbon - Special Forms 

Thermal Conductivity 
Temperatur«, "Kelvin 

0 500 1000 1500 2000 2500 

Temperature, "Rankine 

Sym- 
bci 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

V 

Û 

Û 

D 

A 

Raytheon Company 

Raytheon Company 

Dourdeau, R. 0. 

Pappia, J., and 
Blum, S. L. 

High Temper,iture 
Materials, Inc, 

Nitlonal Carbon 
Company 

Nation 11 C irbon 
Company 

National Carbon 
’ompany 

Slack, G. A. 

113 

113 

22*1 

211 

21H 

255 

255 

255 

266 

560-2090 

71O-I79O 

640-4860 

576-4250 

52Ö-1932 

560 

3960 

4Ö10 

7-540 

Pyrolytic graphite; 130 
lb/ft3 

Pyrolytic graphite; 138 
lb/ft3 

Pyrolytic graphite; 138 
Ib/ft-3 

Pyrolytic graphite; 138 
lb/ft3 

Pyrolytic graphite 

Carbon felt, VPF; 5.2 Ib/ft3; 
0.23 In, thick; melting temp. 
6600°F 

Carbon felt, VPF; 5.2 lb/rt3; 
0,23 In, thick; meltin', temp, 
66OO°P 

Carbon felt, VTF, 5,2 lb/ft^; 
0,23 In, thick; melting temp, 
6600°F 

Pyrolytic graphite; 137 lb/ 
ft’ (General Electric Co.) 

Not given 

Not given 

Not given 

Comparative method and 
cylindrical envelope method 
(radial heat flow) 

Not given 

Not given 

Not given 

Not given 

Guarded rod method (Axial 
heat flow) 

Meaoured in the "C" direction 

Measured in the "C" direction 

Measured in the "C" direction 
Data taken from smoothed 
curve 

Measured In the "C" direction 

Measured in the ’’C” direction 

Measured In the "C” direction 
sample In air, 760 mm. 

Measured In the "C direction 
sample in Argon, 760 mm. 

Measured In the "C" directior 
sample In ?60 mm. 

Measured In the MC" directior 
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Carbon - Special Forms 

Apparent Thermal Conductivity 

0.01 

0.00 

0.00001 

0.0001 0.001 

0.001 

Pressure, mm h8 
0,01 0.1 1 

0.01 0.1 

Pressure, mm Hg 

1000 

100 

0.1 

100 1000 

Sym 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

Pulk, M. M., 
Devereux, R. J,, 
Schrodt, J. E. 

Corrucclnl, R. J, 

Corruccini, R. J. 

126 

104 

104 

338 

338 

338 

Carbotlfl^mpbl&ck powder; 

Carbon laatpblack oowder; 
12 lb/rt3^ 

Peach pit charcoal (granular) 
30 Ib/Tt3j 20 to 30 neah 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: 540° to 137°R, 
specimen 1.0 In. thick, 
wall emleelvlty »0.8, 
nitrogen gae 

Temperature: 54o° to 137°R 

Temperature: 540° to 137°R 
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, 
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Carbon - Special Forms 

Linear Thermal Expansion 

c 
£ 
X 

c 
13 

Temperature, ° Kelvin 

Temperature, 0Rankine 

c 
e 

e 
a 

o 
•R 
c 
0 
a 
X 

o 
e 
c 

13 

Sym- 
bol 

Investigator Ref. Range, °R Test Sample Test Method 

Bourdeau, R. 0. 460-2440 138 lb/ft3 Hot given 

□ Pappla, J,, and 
Blum, S. L. 

A 
F’ippls, J,, and 
Blum, S. L. 

211 

211 

492-2436 Pyrolytic graphite; 138 lb/ 
ft3 (97.35Í theor.); singu¬ 
larly nucleated micro- 
structure as deposited 

492-2436 Pyrolytic graphite; 138 lb/ 
rt^ (97.3/^ theor.); singu¬ 
larly nucleated micro- 
structure heat-treated at 
3000 *C 

Not given 

Not given 

Remarks 

Measured in the "C" direction 
Data taken from smoothed 
curve 

Measured in the "CM direction 

Measured in the "C" direction 

71 
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Carbon - Special Forms 

Linear Thermal Expansion 

0.2ÜL 

0.16 

a> 
a 

'3» 0.12 
C 
0 
a 
X 

0.08 o 

E 
o 
-C 

■j O.o* 
K} 
L 

-0.04 

500 

Temperature, 0Kelvin 

1000 1500 

o 400 800 1200 1600 

2500 

t-1 
[_ 

u 

A L 

— 0 1 "i c , 

0 \ 

a 
A 

7 ' q 
0 
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f 1— j 
<5 a 0 A V 

$ 5 7 

_1_ 

0.24 

0.20 

0.16 

0.12 

0.08 

0.04 

2000 2400 2800 3200 36OO 4000 4400 4800 

Temperature, °Rankine 

-0.04 

I 

I 

4 

i 

Sym 
bol 

Invoitigator Ref. Range, °R Test Sample 

O Bourdeau, R. 0. 221' 460-2900 Pyrolytic graphite ; 
130 Ib/ft^ 

Test Method Remarks 

Not given Measured In the "A” direction 
Data taken from omoothed 
curve 

Pappls, J., and 
Blum, S. L. 

211 492-2418 Pyrolytic graphite; 138 lb/ 
ft3 (97.3% theor.); highly 
regenerative microstructure 
as deposited 

Not given Measured In the "A" direction 

A Pappls, J,, and 
Blum, S. L. 

211 492-2436 Pyrolytic graphite; I38 lb/ 
ft3 (97.3% theor.); singu¬ 
larly nucleated micro¬ 
structure 

Not given Measured In the "A" direction 

V Pappls, J., and 
Blum, S. L. 

Pappls, J., and 
Blum, S. L. 

2n 492-2292 

211 492-2436 

Pyrolytic graphite; 133 lb/ Not given 
ft-3 (97.3# tneor.); singu¬ 
larly nucleated micro¬ 
structure heat-treated 3 hr, 

at 2700°C 

Pyçolytlc graphite; I38 lb/ Not given 
ft3 (97.3% theor.); highly 
regenerative microstructure 
heat-treated 3 hr. at 2700°C 

Measured in the "A" direction 

Measured in the "A" direction 
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Carbon - Special Forms 

Specific Heat 
Temperature, °Kelvin 

0.7 

0.6 

o.s 

o.it 
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0 — 
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,o 
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c J 
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0> — 

A 
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0.7 

0.6 

0.5 

o.l) 

0.3 

0 
0 

X 

« 
a 

0.2 

0.1 

600 1200 1600 2000 2^400 2300 

Temperature, °Rankine 
3200 3600 liooo 1)400 4800 

Sym¬ 

bol 

O 

□ 

A 

V 

lnve*t:flator 

Bourdeau, R. G. 

High Temperature 
Material:!, Inc. 

Nt?el, D, S. , 
Pears, .:. !>, 
Oglesby, Jr., S, 

National Carbon 
Company 

Ref. 

224 

218 

274 

255 

Range, °R 

520-2460 

532-2292 

960-5460 

530-2960 

Test Sample 

Pyrolytic graphite; 139 

Pyrolytic graphite 

ATJ graphite; 110 Ib/fti; 
3A In. dla. x 3/^ In. lon^ 
(National Carbon Company) 

Graphite felt; 5.3 Ib/rt^; 
0.21 in. thick; "WDF” 

Test Method 

Not given 

Not given 

Prop method (Mixtures) 

Not given 

Remarks 

Data taken from smoothed 
curve 

a 
' «j 

ï. 

r1 
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J Carbon - Special Forms 

Total Normal Emittance 
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Temperature, ° Kelvin 
0 500 1000 1500 2000 2500 

n 
« > 
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0 11 

c 1 
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0 400 800 1200 1600 2000 2400 2800 3200 36OO 4000 4400 4800° 

Temperature, °Ranlcine 

a> 
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£ 
tu 

o 
£ U 
O 
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~0 
O 

Sym¬ 
bol 

Investigator Rof. Ronge,0 R Test Sample Test Method Remarks 

O 

□ 

Bourdeau, R. G. 

High Temperature 
Materiale, Inc. 

224 

218 

870-4010 

1392-3642 

Pyrolytic graphite; 
138 lb/rt3 

Pyrolytic graphite 

Hot given 

Not glvt.-n 

Data taken from smoothed 
curve 

Surface condition not 
reported 
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Carbon - Special Forms 

Thermal Diffusivity 

0.56 
500 

Temperature, “Kelvin 

1000 1500 

0.Í18 

0.40 

-C 

ci' 
£ 

£•0.33 

3 
% 

0.34 

0.16 

0.08 

‘‘OO 800 1200 1600 2000 2400 2800 

Temperature, “Rankine 

0.08 £- 

■> 

3 
* 
O 

0.04 

3200 36OO '4000 MOO 
0 

¿4000 

Sym 
bol 

Investigator 

Mrozowskl, S., 
Andrews, J. P., 
et al. 

Ref. 

256 

Range, “R 

2513-5520 

Test Sample 

National carbon rod; 102 1b/ 
ft3; extruded 1/2 ln. dia. 
(National Carbon Co.) 

Test Method 

Plxed cylinder method 
(Transient heating) 

Remarks 

75 
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Carbon - Special Forms 

Compressive Strength 
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a 
a 
E 
o 
u 

700 

800 1000 1200 lllOO 

Temperature, °Ranl<ine 
1600 18OO 2000 2200 2Ü00 

Sym 
bol 

O 

□ 

Investigator 

PapplB, J., and 
Blum, S, L. 

Pappls, J., and 
Blum, S. L, 

Ref. 

211 

211 

Rrnge, ° R 

892-1758 

892-1752 

Test Sample 

Pyrolytic graph!te : 
138 ib/rt3 

Pyrolytic graphlte ; 
138 lb/rt3 

Test Method 

Not given 

Not given 

Remarks 

Measured In HC" direction 

Measured In "A" direction 

iJ 
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Cellulose Fiber Board 

Apparent Thermal Conductivity 
Temperature, “Kelvin 

0 125 250 375 500 625 

Temperature, “Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Rowley, F. B., 
Jordan, R. C., 
Lander, R. M. 

039 415-560 Lignin-Impregnated cellulose 
fiber board, 85.5 Ib/ft^, 
cpeclnon 1-1/H In. thick 
moisture content as received 

Guarded single plate 
method 

Test chamber partially de¬ 
humidified at atmospheric 
pressure, temperatures not 
stated 

7? 
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Cerium Dioxide 

Thermal Conductivity 

500 

Temperature, °Kelvin 

1000 1500 2000 2500 

14 
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at 
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Æ 10 

3 
“0 5 
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I 
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May 
a □ 

I..1—. _ 

0.05 

,0.04 

0.03 

0.02 

0.01 

0 400 300 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 

Temperature, “Ranlrine 

Sym¬ 
bol 

O 

□ 

A 

V 

’'q 

Û 

Û 

Investigator 

Smoke, E. J., and 
Koenig, J. H. 

Smoke, E. J#, and 
Koenig, J. H. 

Smoke, E. J., and 
Koenig, J. H. 

Smoke, E. J., and 
Koenig, J. H. 

Smoke, E. J., and 
Koenig, J. H. 

Smoke, E. J., and 
Koenig, J. H. 

Ref Range, °R 

026 

026 

026 

026 

026 

Smoke, E. J., and 
Koenig, J. H, 

02 b 

026 

560-700 

560-760 

56O-76O 

56O-76O 

56O-76O 

56O-76O 

560-760 

Test Sample 

Polycrystalline; 387 
100)( pure 

Ib/ft3 

Polycrystalline; 361 Ib/rt^ 
90f> Ce02, 105É AI2O3 

Polycrystalllne; 332 
8o£ CeOg, 2¾¾ AlgOj 

lb/ft3; 

Polycrystalllne; 296 
70Í Ce02, 30(5 AlgOj 

lb/ftJ 

Polycryatalllne; 292 
90(5 CeOg, 10(5 MgO 

Ib/ft^ 

Polycryatalllne; 315 
B0$ Ce02, 20(5 MgO 

ib/rt3 

Polycrystalllne; 338 
905 CeOg, 10Í PbO 

lb/ft3; 

Test Method 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Remarks 
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Cerium Dioxide 

Linear Thermal Expansion 
Temperature, 0Kelvin 

a. 
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Sym¬ 
bol 

Investigator Ref. Range, 0R Test Sample Test Method Remarks 
O 

□ 

Neel, D. S., and 
Pears, C. D. 

Wllfon,:, R. L., 
et al. 

107 

238 

520-4290 

537-2290 

Not given 

Cerium oxide (Ceria); 400 lb/ 
ft-5 hoi pressed; 319 lb/ft.3 
dry pressed 

Dilatometer-Interferometer 
method 

Interferometer method 

Data In question by author. 
Specimen melted near end 
of test 

79 
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Cerium Dioxide 

Specific Heat 
Temperature, 0Kelvin 
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Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

0 King, E. G., and 
Chrlatenaen, A. V. 

173 51(0-32^0 99.9+ Pure OeOpj 255 lb/ft3 
preheated at 1050°C for 1 hr. 
(Lindsay Chem. Dlv., American 
Potash Corp.) 

Drop method (Mixtures) 
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CeriL.1! Dioxide 

Total Normal Emittance 

500 
Temperature, 0 Kelvin 

1000 1500 2500 
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Temperature, °Rankine 

o 
4800 

Sym¬ 

bol 
Investigator 

Sully, A. H., 
Brandes, E, A., 
Waterhouse, H, B, 

Ref. 

095 

Range, °R Test Sample 

"Pure" 

Test Method 

Totally enclosed specimen 
method 

Remarks 
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Cesium Bromide 

Thermal Conductivity 

£ 5 

125 

Temperature, “Kelvin 

250 375 500 

0 1 br 

D 0 

0 c 
— 

625 

o.o?5 

E 
0.020 V 

0.01Í 

0.01C 

0 '.00 200 300 «00 500 600 700 800 

Temperature, “Rankine 
900 1000 1100 1200 

Sym¬ 
bol 

Investigator Ref Range, “R Test Sample Test Method Remarks 

O McCarthy, K. A., 
and Ballard, S.S. 

2«« «12-662 Cesium bromide crystals; 
disc pellet; 1.0 cm.radius 
X 0.5 cm. thick (Harshaw 
Chemical Co.) 

Comparative method and Ouarded 
rod method (Axial heat now) 
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Cesium Iodide 

Thermal Conductivity 
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0 100 200 300 400 500 600 700 8OO 

Temperature, °Rankine 
900 1000 1100 1200 

Sym¬ 
bol 

Investigator Ref. Range, "R Test Sample Test Method Remarks 

O McCarthy, K. A., 
and Ballard, S. S. 

24 If '110-650 Cesium Iodide crystals; 
disc pellet; 1.0 cm. radius 
X 0.5 cm. thick (Harsha* 
Chemical Co.) 

Comparative method and guarded 
rod method (Axial heat flow) 
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mrent Thermal Conductivity 
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Investigator Ref. Range, ° R Test - Sample Test Method Remarks ,1 

•"1 
* 

f! 

-1 

•j 

*>1 

O 

□ 

Chow, C. S. 

Chow, C. S. 

06? 

06? 

341 

166-517 

Granulated slab cork (baked); 
5.4 Ib/rt^j meah : 4-10 

Granulated slab cork (baked)j 
6.3 Ib/ft^; 49,5^ mesh 10-20j 
50,5# thru mesh 20 

Cylindrical onvolopo 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cold temperature; -l8l°C; 
conductivity calculated 
from reference temperature 
and temperature at various 
radii; teat at atmospheric 
pressure 

Cold temperature; -l8l°C; 
conductivity calculated 
from reference temperature 
and temperature at various 
radii; test at atmospheric 
pressure 

« 
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Cork-Rubber Board 

Apparent Thermal Conductivity 
Temperature, "Kelvin 

0 125 250 375 500 62? 

Temperature, "Rankine 

Sym¬ 
bol 

Investigator Rel. Range, °R Test Sample Test Method Remarks 

0 Hager, Jr., N. E. 007 139-'300 Cork-r .bber composition 
board' 10.5 lb/ft3; 1/4 In. 
thic\ specimen; composition 
proportions not given 
'rtrmstrong Cork Company) 

Guarded hot plate method 
(Twin plate) 

Variation of temperature 
across specimen approxi¬ 
mately 40P, Author's 
estimated maximum error 

8 5 
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Corkboard 

Apparent Thermal Conductivity 
Temperature, "Kelvin 

Temperature, "Rankine 

Sym¬ 
bol 

Investigator Ref. Range, "R Test Sample Test Method Remarks 

O 

Verschoor, J. D. 

Gray, V. 1!., 
Gelder, T. F., 
Cochran, R. P,, 
Goodykoontz, J. H 

Gray, V. H., 
Gelder, T. F., 
Cochran, R. p., 
Goodykoontz, J, H, 

Gray, V. H., 
Gelder, T. F., 
Cochran, R. P,, 
Goodykoontz, J. H. 

Gray, V. H., 
Gelder, T. F,, 
Cochran, H, P., 
Goodykoontz, J, H. 

Gray, V. H., 
Gelder, T, F., 
Cochran, P. P,, 
Goodykoontz, J, H. 

Rowley, F, B., 
Jordan, R, C., 
Lander, R. M. 

093 

093 

093 

093 

09 3 

016 

225-275 

220-227 

165-172 

180-362 

182-352 

157-361 

itOO-550 

Commercial corkboard, 9,4 lb/ 
ft-*; test specimens dried for 
24 hr. at 225°F 

Corkboard A. 18-20 Ib/ft^; 
speclmert 1/4 In. thick 
"Armstrong Cork *P9530" 
(granules of rock and 
animal glue binder) 

Corkboard A, 18-20 Ib/ft^; 
specimen 1/4 In. thick 
"Armstrong Cork #9530" 
(granules of rock and 
animal glue binder) 

Corkboard C, "Armstrong 
Cushion Cork" (foamed eooxy 
resin and cork granules), 
12 Ib/ft^; test specimen 
1/4 In. thick 

Corkboard B, "Armstrong Cork 
#9520", 16 Ib/ft* (cork 
granules In animal glue 
binder); test specimen 1/4 
In. thick 

Corkboard A, "Armstrong Cork 
"9530", 18-20 lb/ft3 (cork 
granules In animal glue bind¬ 
er); test specimen 1/4 in 
thick 

Corkboard; 12.2 lb/ft3; 1 in. 
thick specimen moisture 
content, oven dry 

Guarded single plate 
method 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Guarded single plate 
method 

Temperature differences 
between -300°F and selected 
hot side temperatures, at 
atmospheric pressure 

Cold temperatures: -423®and 
-321°F, sealed, air at 1 
atmosphere 

Cold temperatures: -423°F 
only, unsealed, condensed 
air, 1 atmosphere 

Cold temperature: -321°F, 
-xatlon characteristics, 

etc., sealed specimens 

Cold temperature: -321°F, 
ablation characteristics, 
etc,, sealed specimens 

Cold temperature assumed 
-325 F, tensile strength, 
ablation characteristics, 
etc,, sealed specimens 

Test chamber partially de¬ 
humidified at atmospheric 
pressure, temperature not 
stated 

Continued on next page 
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Corkboard 

Apparent Thermal Conductivity 

Sym¬ 
bol 

Investigator 

Rowley, P. B., 
Jordan, R. C„, 
Lander, R. M. 

Rowley, P. B., 
Jordan, R. C., 
Lander, R. M. 

Spell, S. 

Spell, S. 

Spell, S. 

Ref. 

016 

016 

195 

195 

195 

Range, °R 

400-550 

400-550 

340 

260-360 

260-460 

Test Sample 

Corkboard; 8.0 lb/ft3; 1 in. 
thick specimen, moisture 
content, oven dry 

Corkboard; 6.5 Ib/ft^; 1 in. 
thick specimen, moisture 
content, oven dry 

Corkboard; 6.8 lb/ft3* 
(Armstrong Cork Company) 

Corkboard; 9,6 lb/ft^; 
(Ärmstronp; Cork Company) 

Corkboard; 14.8 lb/ft^; 
(Armstrong Cork Company) 

Test Method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Remarks 

Test chamber partially de¬ 
humidified at atmospheric 
pressure, temperature not 
stated 

Test chamber partially de¬ 
humidified at atmospheric 
pressure, temperature not 
stated 

Hot and cold face 
temperature not stated 

Hot and cold face 
temperature not stated 

Hot and cold face 
temperature not stated 
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Cotton Fiber 

Apparent Thermal Conductivity 
Temperature, °Kelvin 

125 2 50 375 500 625 

Temperature, 0Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

□ 

Chow, C. S. 

Rowley, F. B., 
Jordan, R. C., 
Lander, R. M. 

Rowley, F. B. 
Jordan, R. C. 
Lander, R. M. 

Rowley, F, B., 
Jordan, R, C., 
Lander, h. M. 

Chow, C. S. 

06? 

039 

039 

039 

067 

166-515 

420-560 

410-560 

415-560 

335 

Cotton-wool fibers; (crude 
cotton wool); 2,6 lb/ft^ 

Cotton fibers; test samples 
1 In, thick at selected 
densities, moisture content 
as received 

Cotton fibers; test samples 
1 in. thick at selected 
densities, moisture content 
as received 

Cotton fibers; test .samples 
1 In, thick at selected 
densities, moisture content 
as received 

Cotton waste (tangled thread 
form); 8.2 lb/ft3 

Cylindrical envelope 
method (Radial heat flow) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Cylindrical envelope 
method (Radial heat flow) 

Cold temperatures -l8l°C 
conductivity calculated from 
temperatures at various 
radii; atmospheric pressure 

Test chamber partially de- 
'lumldlfled at atmospheric 
pressure. Temperature 
difference not given 

Test chamber partially de¬ 
humidified at atmospheric 
pressure. Temperature 
difference not given 

Test chamber partially de¬ 
humidified at atmospheric 
pressure. Temperature 
difference not given 

Cold temperatures -l8l°C; 
conductivity calculated fror, 
temperatures at various radii- 
atmospheric pressure tests 
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Cotton Fiber 

Apparent Thermal Conductivity 

0.00001 0.0001 0.001 

Pressure, mm Hg 
0.01 0.1 1 10 100 

X 
o 

E 

Sym 
bol 

A 

Investigator 

Pov/ers, R. W., 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

Powers, R. W., 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

Powers, R. W., 
Johnston, H. L. 
Hansen, R. H,, 
Ziegler, J. B. 

Powers, R. w., 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

Pov;ers, R. W., 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

Powers, fU Vf,, 
Johnston, H. L,, 
Hansen, R. H., 
Ziegler, J. B. 

Ref. 

035 

035 

035 

035 

035 

035 

Ronge,0 R 

000 

197 

231 

09 

279 

230 

Test Sample 

Cotton fibers from bulk 
medical cotton; density not 
Given (sample in air) 

Cotton fibers from bulk 
medical cotton; density not 
given ('•ample in nltrocen) 

Cot on fibers from bulk 
medical cotton? density not 
Given (sample m nitrogen) 

Cotton fibers from bulk 
medical cotton; density not 
given (sample in hydrogen) 

Cotton fibers from bulk 
medical cotton; density not 
given (sample in hydrogen) 

Cotton fibers from bulk 
medical cotton; density not 
given (sample in hydrogen) 

Test Method 

Radial heat flow through 
spherical cavity, sealed 
and immersed in liquid gas; 
sample in selected gases 
(air, nitrogen and hydrogen) 
and at low pressures 

Radial heat flow through 
spherical cavity, sealed 
and immersed in liquid gas; 
sample in selected gases 
(air, nitrogen and hydrogen) 
and at low pressures 

Ri-dical heat flow through 
spner^.cal cavity, scaled 
anc immersed in liquid gas; 
sample in selected gasee 
(air, nitrogen and hydrogen) 
and at low pressures 

Radical heat flow through 
spherical cavity, sealed 
and immersed in liquid gas; 
sample in selected gases (air 
nitrogen, and hydrogen) and 
at low pressures 

Radical heat flow through 
spherical cavity, sealed 
and immersed in liquid ga*»; 
sample in selected gases 
(air, nitrogen and hydrogen) 
and at low pressures 

Radical heat flow through 
spherical cavity, sealed 
and Immersed in liquid gas; 
sample in selected gases 
(air, nitrogen and hydrogen) 
and at low pressures 

Remarks 

Temperature: 140’ to 8l°lt 

Temperature: 14:/to 77°K 

Temperature: 167*to 90°K 

Temperature: 70*to 20°K 

Temperature: 220" to 09°K 

Temperature: 140' to 89°K 

8<; 

A
p
p
a
re

n
t 

T
h
e
rm

a
l 

C
o
n
d
u
c
ti

v
it

y
, 

c
a
l/

s
e
c

 



A
p
p
a
re

n
t 

T
h

e
rm

a
l 

C
o
n
d
u
c
ti
v
it
y
, 

B
tu

/h
r 

Diatomaceous Earth 

Apparent Thermal Conductivity 

0.14 

, 0.12 

0.08 

0.06 

0.04 

lÿïP 

ïi T-f 
X-ÏÏ 

250 

Temperature, °Kelvin 

500 750 1250 

0.0005 SC 

O.OOOU 

0.0003 

O.OOOi 

0.0001 

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 

Temperature, °Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test 

Vcrnchoor, J. D. 233-259 DiatomaceouG 

14.0 Ib/ft3; 

Sample Test Method Remarks 

earth; powder; 
predried 

Guarded hot 

(Twin plate) 

plate method Temperature difference 

between -300°P and selected 
hot side temperatures 

□ Verschocr, J. D, 040 230-268 Diatomaceous earth; powder; 
17.0 Ib/ft3; predried 

Guarded hot plate method 
(Twin plate) 

Temperature difference 
between -300®K and selected 
hot side temperatures 

A Glaser, P. Ë., 
.nd Kayan, C. F. 

115 533-747 Diatomaceous earth; granular, 
25.? lb/ft3; dry calcined, 
8 to 20 mesh particle size; 
"Gellte" 

Cylindrical envelope method 
(Radial heat flow) 

Temperature change about 
]*P, air In specimen, 
accuracy ±2$ 

V Glaser, P. E., 
and Kayan, C. F. 

115 5IO-76O 

Glaser, P. F.., 
and Kayan, C. F. 

115 510-760 

o Susner, G. H., 
and 3hapl:.nd, J. 

254 960-1510 

Û Eusner, G. P., 
and Shapland, J.T, 

254 9IO-I56O 

Eusner, G, H., 
and Shapiand, J.T, 

254 910-1560 

4Ú Eusner, G. R., 
and Sha pi an-;, J.T. 

on;, 96O-I56O 

Diatomaceous earth; granular; 
In air at reduced pressure; 
25.2 lb/ft3; dried, calcined; 
particle size 8 to 20 mesh; 
"Gellte" 

Diatomaceous earth and 
selected gases; 25.2 lb/ft3; 
dry, calcined; particle size 
8 to 20 mesh; "Gellte" 

Dlatcmlte: apparent density, 
139 lb/ft3; bulk density, 2.12 
lb/ft3; 12x12x3" blocks; 
85.6% porosity 

Dlatomlte: apparent density, 
136 lb/ft3, bulk density, 2.5 
lb/ft3; 82.3# porosity; 12x 

12x3" blocks 

Dlatomltei apparent density, 
138 lb/ft3* bulk density, 
2.38 lb/ft3; 83.5^ porosity; 
12x12x3" blocks 

Dlatomlte: apparent density, 
142 1b/ft3; bulk density, 
2.38 lb/ft3; 83.65É porosity; 
12x12x3" blocks 

Cylindrical envelope method 
(Radial heat flow) 

Cylindrical envelope method 
(Radial heat flow) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Gellte and air tested at 
33 mm. Hg pressure 

Gellte and ammonia 

Data taken from smoothed 
curve; from Lompoc, Gal. 
area 

Data taken from smoothed 
curve; from Lompcc, Cal. 
area 

Data taken from smoothed 
curve; from Lompoc, Cal. 
area 

Data taken from smoothed 
curve; from Lompcc, Cal. 
area 
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Diatomaceous Earth 

Apparent Thermal Conductivity 

Pressure, mm Hg 

0.00001 0.0001 0.001 0.01 0.1 1 10 100 

Pressure, mm Hg 

>ym- 
bol 

Investigator Ref. Range,0 R Test Sample Test Method 

O Pulk, H. H., 
Devereux, R. J., 
Schrodt, J. E. 

126 338 Diatomaceous earth, powder; 
approx. 15 Ib/HPj size 
1-100 microns 

Cylindrical envelope 
method (Radial heat flow 

Remarks 

Temperature: 540° to 137011 
specimen 1.0 In. thick, 
wall etnisslvlty >0.8 
nitrogen gas 

□ Pulk, M. M. 105 342 Diatomaceous earth, powder; 
15 Ib/ftJ; particle size 
1.0 to 100 microns 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: 5470 to 137°R 
specimen 1 In. thick, walls 
etnisslvlty >0.8 

A Pulk, M. M. 105 342 Diatomaceous earth, powder; 
15.6 Ib/ftJ; particle size 
1.0 to 100 microns 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: 547° to 137°R 
specimen 1 In. thick, walls 
emiaalvlty >0.8 

V Pulk, M. M. 105 342 Dlatomaceoua earth, powder; 
18.1 lb/ft3; particle size 
1.0 to 100 microns 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: 547° to 137°R 
specimen 1 In. thick, walls 
etnisslvlty >0.8 
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Diatomaceous Earth 

Linear Thermal Expansion 
Temperature, “Kelvin 

0 250 500 750 1000 1250 

Temperature, “Rankine 

Sym¬ 
bol 

Investigator Rel. Range, °R Test Sample Test Method Remarks 

O 

□ 

A 

V 

Eusner, G. R., 
and Shapland, J. T. 

Eusner, G. R, 
and Shapland, J.T. 

Eusner, G, R., 
and Shapland, J.T. 

Eusner, 0. R, 
and Shapland, J.T. 

254 

254 

254 

1960-2U60 

1960-2360 

1960-2360 

1960-2360 

Diatomltej 83.6# porosity; 
apparent density, 142 lb/ft3, 
bulk density, 2.38 Ib/ft^; 
9x6x3 In. 

Diatomlte; 85.6# porosity; 
apparent density, 139 Ib/ft^, 
bulk density, 2.12 lb/ft3; 
from Lompoc, Cal. area 

Diatomlte; 83.55Í porosity; 
apparent density, I38 lb/ft3, 
bulk density, 2.38 lb/ft^; 
from Lompoc, Cal. area 

Diatomlte; 82.3# porosity; 
apparent density, 136 Ib/ft^; 
bulk density, 2.5 Ib/ft^; 
from Lompoc, Cal. area 

Dilatometer method 

Dilatometer method 

Dilatometer method 

Dilatometer method 
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Diatomaceous Earth 

j 

j 

b 

:t 

Compressive Strength 
Temperature, °Kelvin 

O) c 
0) 

a> 
a 
E 
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u 

Temperature, °Rankine 

es 

O) c 
a> 

a 
E 
o 

KJ 

. • 

k.... 

L. 

r ■ 
» ,j 

•S.1 

Í'- 

f 
« 4 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

0 

□ 

Eusner, G. R., and 
Shapland, J. T. 

Eusner, G. P,, and 
Shapland, J, T, 

2^ 

25H 

680-2360 

680-2360 

Diatomite: bulk density (dry) 
2.38 Ib/ftJ, apparent density 
1^2 Ib/ft^î 83.69t porosity 

Diatomitej bulk density (dry) 
2.12 Ib/ft^, apparent density 
1^2 lb/ft3; 85.05t porosity 

Not given 

Not given 

\0J 
r. H /»i» 

V' 
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Epoxy Foam 

Apparent Thermal Conductivity 

Pi assure, mm Hg 
0.00001 0.0001 0.001 0.01 0.1 1 10 100 1000 

: 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

0 Kropschct, R. H. 069 338 Epoxy Heflin Foam, 5.0 lb/ft3, 
"Du Ra Foam" (Debell and 
Richards) 

Cylindrical envelope 
method (Radial heat flow) 

Temperatures 540' to l'i7°H 
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Temperature, °Rankine 
44 0 48C 
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*S, 

■N 

Sym¬ 
bol 

Investigator Ref. Range,0 R Test Sample Test Method Remarks 
► j 

p 
iM..3di 

*>• 4 
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rs 

^'i 
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IM 
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r 1 t*- ' 

•* 

."'l 

\ 

O 

□ 

Gray, V. H., 
Gelder, T. F., 
Cochran, H, P., 
GoodyUoontz, J. H. 

ope11, S. 

093 

195 

152-337 

340 

P,poxy mastic laminate of" Epon 
815 "(Shell), glass spheres 
(Sohlo) and glass fibers; 
4o Ib/ft1; specimen 5/16 In. 
thick 

Reinforced epoxy, solid; 
129 lb/ft3; 'Isomica" 
(Minnesota Mining and 
Manufacturing ) 

Cylindrical envelope 
method (Radial heat flow) 

Guarded single plate 
method 

Cold temperature: -321°F; 
estimated errors In data 
less than 12JÉ, air at 1 
atmosphere 

Temperatures not stated 

9 5 
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Forsterite 

Thermal Conductivity 

5 

> 

13 
C 
0 
u 

250 

Temperature, °Kelvin 
500 750 1250 

■ 
A' \é , 

S 
r 

S” A A ii 

c cr á 
) _l 1- 

0 -€ - 
t 2. f 

0.025 

* 
o 

E 

•0.015 

0.010 

0.005 

o 200 400 600 
Temperature, °Rankme 

I 

« 

i 

4 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

A 

V 

Klncery# w. 0., 
and F'rancl, J. 

Francis, R. K., 
McNamara, lî. P., 
Tlnklepaugh, J.R. 

Francis, R. K.» 
3rown, R«* ^ 
McNamara, E. P.» 
Tlnklepaugh, J. R. 

Ruh, E., and 
McDowell, J. S. 

062 

193 

08i, 

230 

670-2(550 

1210-1760 

786-20111 

781-24H3 

Polycrystalllne,* 31.1^ poros¬ 
ity; 139 lb/ft3; 590 MgO, 
41% S102, fired at l650°C 

Polycrystalllne; 4.5^ poros¬ 
ity; 191 Ib/W 

Polycrystalllne; 4,4% poros¬ 
ity; 191 lb/ft3; Forsterite 
MgpSlOa, 45% treasure talc, 
45% Mg(oh)0» 3.6% rex ball- 
clay, o,4%nBaC03 by weight 

Postérité type brick; 22.1% 
porosity; 50.3% MgO, 29.5% 
S102, 10.9% a1?03» cold crush¬ 
ing strength, ^,950 psl; 
103 Ib/ft3 

Prolate spheroidal method 

Comparative method 

Comparative method 

Guarded hot plate method 
(Twin plate) 

Author accuracy -f_10% ; 
precision +£% 
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Forsterite 

Linear Thermal Expansion 

250 

Temperature, 0Kelvin 

500 750 1250 

1.2 

0.3 
« 
a 

0,0 

0 0.4 
E 
0 

-c 

0 0.2 
a> 
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¢. 

it 

Ùk 0 
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X 

0.4 

0 
a> 
c 
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0 200 400 300 300 1000 1200 1400 l600 l800 2000 2200 2400 

Temperature, °Ranlcme 

-0.2 

i 

Sym¬ 
bol 

O 

□ 

A 

Investigator 

Saxonburg 
OeraTilCP, Inc. 

General Ceramics 

Smoke, K. J., 
Rcoda, J., et al. 

Ref. Range, °R Test Sample 

0^7 :211-1701 

o^e )7i-i2u 

Po]ycrystalllne; 0.05/¾ poros¬ 
ity; 101.5 Ib/i't-^; "S-703-A" 
Forsterite (2 MgO-SiOg) 

Polycirystalllne; l80 Ib/ft^ 
Forsterite 

257 660-1760 77% Talc, 11.5% barium 
carbonate. 11.5% clay; 
176 lb/ft3; pressed bar; 
sero porosity; 4 in. x 
1 In. x 5/8 In. 

Test Method 

Not given 

Not given 

Dilatometer method 

Remarks 

Sales literature 

Sales literature 

Temp, rise at 2-3“C per min. 
bulk density by water dis¬ 
placement method 

f- 



Glass Fiber 

Apparent Thermal Conductivity 

0.028 

0.024 

'0.020 

■> 0.016 

••e 

c 
o 
o 

“5 
E 

0.012 

¡ 0.008 

a 
a 
a 
< 0.004 

Temperature, °Kelvm 

125 250 375 500 625 

E 

•0.00010 * 

■0.00008 

■0.00006 

0.00004 

•0.0000; 

100 200 300 400 500 600 700 

Temperature, °Rankine 

800 900 1000 1100 1200 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

Hickman, M. J. 
and Ratcliffe, 
E. H. 

Rowley, F. B., 
Jordan, R. C., 
Lander, R. M. 

Van Gundy, D. A., 
and Jacobs, R. B. 

Christiansen, R 
M., Hollingsworth, 
Jr., M., Marsh, 
Jr., H. N. 

Christiansen, P . 
M., Hollingsworth, 
Jr., M., Marsh, 
Jr., H. N. 

Christiansen, R. 
M., Hollingsworth, 
Jr., M., Marsh, 
Jr., H. N. 

Christiansen, R., 
M., Hollingsworth. 
Jr., M., Marsh, 
Jr., H. N. 

Christiansen, R. 
M., Hollingsworth, 
Jr., M., Marsh, 
Jr., H. N. 

014 

016 

118 

335-510 

410-585 

I85-5IO 

345-535 

345-535 

345-535 

345-535 

345-535 

Glass fibers; resin-bonded 
blanket; 1.0 lb/ft3 
specimen size, 30 cm, x 30 cm, 
X 3.5 cm. to 5.0 cm. thick 

Glass fibers (glass wool); 
1,64 lb/ft3; specimen within 
1 In. cavity; moisture 
content as received 

Glass fibers; 3.0 lb/ft3« 
2-7/16, 4-7/16 and 7-5/16 In. 
thick 

Glass fibers; 0.5 Ib/ft3; 
12 In. square flat specimens; 
"Fiberglas" (Oweno-Cornlng 
Corporation) 

Glass fibers; 1.0 lb/ft^; 
12 In. square flat specimens; 
"Fiberglas" (Ov/cns-Corning 
Corporation) 

Glass fibers; 4.0 Ib/ft ; 
12 In. square flat specimens; 
"Fiberglas" (Owens-Cornlng 
Corporation) 

Glass fibers; 8.0 lb/ft^; 
1? in. square flat specimens; 
"Fiberglas" (Owens-Cornlng 
Corporation) 

Glass fibers; 15.0 Ib/ftP; 
12 In. square flat specimens; 
"Fiberglas" (Ov/ens-Corning 
Corporation) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Cylindrical envelope 
method (Radial heat flow) 

Guarded single plate method 

Guarded single plate method 

Guarded single plate method 

Guarded single plate method 

Guarded single plate method 

Temperature differences from 
room temperature and -310°F, 
-103°F and 32°F 

Fiber size not listed; test 
chamber partially dehumid¬ 
ified at atmospheric 
pressure 

Te ineratures: 75 to 290°F, 
thermal gradients calculated 
rrom thermocouples at vari¬ 
ous radii; data deviation 
± 15 to 30$ from mean values 
due to specimen thicknesses 

Tests conducted at mean 
temperature of -115°F and 
75°F; emlsslvity of wall 
> 0.9 

Tests conducted at mean 
temperature of -115°F and 
75°F; emlsslvity of wall 
>0.9 

Tests conducted at mean 
temperature of -115°F and 
75°F; emlsslvity of wall 

> 0.9 

Tests conducted at mean 
temperature of -115°F and 
75°F; emlsslvity of wall 
>0.9 

Tests conducted at mean 
temperature of -115°F and 
75°F; emlsslvity of wall 
> 0.9 
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Glass Fiber 

Apparent Thermal Conductivity 
Sym 
bol 

Investigator 

Van Gundy, D. ft. 
and Jacobs, R. B 

Pittsburgh Plate 
Glass Company 

Owens-Cornlng 
Fiberglas Corp. 

Owens-Cornlng 
Fiberglas Corp. 

Pittsburgh Plate 
Glass Company 

H. I. Thompson 
Fiber Class Co. 

Ref. 

118 

278 

271 

271 

272 

176 

Range, 

210-510 

660-960 

530-860 

530-860 

66O-96O 

535-1060 

Test Sample 

Glass ribera; 8,0 lb/ft3; 
1-13/16 and 3-3/¿t In. thick 

Glass fibers; continuous 
filament, it lb/ftl; 
"Textrafluff" 

Glass fibers; loose-fill 
(TWL + TW-F Shreaded); 
k lb/rt3 

Glass fibers; I. S. Board 
(rigid); 3.0-3.5 lb/ft3 

Glass fibers; continuous 
filament; 6 Ib/ft^; 
"Textrafluff" 

Glass fibers; 4 lb/ft^; 
"Thompsoglas »AA* Fiber" 

Test Method 

Cylindrical envelope 
method (Radial heat flow) 

Not glv n 

Not given 

Not given 

Not given 

Not given 

Remarks 

Temperatures: 7i? to 290°F, 
thermal gradients calculated 
from thermocouples at vari¬ 
ous radii; data deviation 
-15 to 305I from mean values 
due to specimen thicknesses 
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Glass Fiber 

Apparent Thermal Conductivity 

Pressure, mm Hg 

0,00001 0.0001 0.001 0.01 o.l 1 10 

Sym¬ 
bol 

Investigator 

Chrlotiansen, R. 
M., Hollingsworth, 
Jr., M., Marsh, 
Jr., H. N. 

Christiansen, R. 
M., Hollingsworth, 
Jr., M., Marsh, 
Jr., H. N. 

Christiansen, R., 
M., Hollingsworth, 
Jr., K,, Marsh, 
Jr., H. 11. 

Christiansen, R. 
M., Hollingsworth, 
Jr., M., Marsh, 
Jr., H. N. 

Christiansen, R., 
M., Hollingsvrarth, 
Jr., M., Marsh, 
Jr., H. N. 

Powers, R. W., 
Johnston, H. L,, 
Hanson, R. H., 
Ziegler, J. B. 

Powers, R. W., 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

Powers, R. W., 
Johnston, H. L, 
Hansen, R. H., 
Ziegler, J. B. 

Ref. Range, °R 

ni 

035 

035 

035 

3^5 

345 

345 

345 

345 

19E 

255 

193 

Test Sample 

Glass fibers; 1/2 lb/ft3; 
12 in. square flat specimen; 
"Fiberglas AA" fibers (Owens- 
Cornlng Fiberglas Corporation) 

Glass fibers; 1,0 lb/ft^; 
12 in. square flat specimen; 
"Fiberglas AA" fibers (Owens- 
Corning Fiberglas Corporation) 

Glass fibers; 4.0 Ib/ft^; 
12 in. square flat specimen; 
"Fiberglas AA" fibers (Owens- 
Cornlng Fiberglas Corporation) 

Glass fibers; 8.0 lb/ft3; 
12 in. square flat specimen; 
"Fiberglas AA" fibers (Owens- 
Corning Fiberglas Corporation) 

Glass fibers; l*' lb/ft^; 12 in 
square flat specimen; "Fiber¬ 
glas AA" fioers (Owens-Corning 
'iberglas Corporation) 

Jlasa fibers; 10.2 lb/ft3; In 
hydrogen atmosphere; Fiberglas 
Superfine AA" (Ovrens-Corning 
Fiberglas Corporation) 

Glass fibers; 10.2 lb/ft3; In 
hydrogen atmosphere: "Fiber¬ 
glas Superfine AA" (Owens- 
Corning Fiberglas Corporation) 

Glass fibers; 10.2 lb/ft3; In 
nitrogen atmosphere; "Fiber- 
glas Superfine AA" (Owens- 
Corning Fiberglas Corporation) 

Test Method 

Guarded single plate method 

Guarded single plate method 

Guarded single plate method 

Guarded single plate method 

Guarded single plate method 

Spherical envelope method 

Spherical envelope method 

Spherical envelope method 

Remarks 

Temperature: -315°F and 
85°F; emlssivity of vialls 
>0.9 

Temperature: -3150^ and 85°F 
emissivlty of walls > 0.9 

Temperature: -315°F and 
85°?; emissivlty of walls 
>0.9 

Temperature: -315°F and 850F 
emlssivity of walls > 0.9 

Temperature; -315°F and 
850F; emissivlty of walls 
>0.9 

Temperature: 141^ to 79 ^ 

Temperature: 203' to 80 K 

Temperature: 141 to 79 
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Glass Fiber 

Apparent Thermal Conductivity 

0.00001 0,0001 0.001 

Pressure, mm Hg 
0.01 0.1 1 10 100 1000 
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Ë 
0 
a 
a 
< 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Teit Method Remark* 

O
 

□
 

<
 

£> 
F
 

O
 

Powers, R. W., 
Johnston, H, L., 
Hansen, R. H,, 
Ziegler, J. E. 

Powers, R. W., 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

Powers, R. W., 
Johnston, H. 1., 
Hansen, R. !!,, 
Ziegler, J. B. 

Powers, R, W,, 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

Powers, R. W,, 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

Powers, R. W., 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

035 

035 

035 

035 

035 

035 

197 

25't 

198 

255 

197 

253 

Glass fibersj 2.8? lb/ft3; 
samples In nitrogen: ''Fiber¬ 
glas Superfine PF" (owens- 
Cornlng Fiberglas Corporation) 
1/2 In. thick 

Glass fibers; 2.8? lb/ft3; 
In nitrogen; "Fiberglas Super¬ 
fine PF" blanket 1/2 In. 
thick (Owens-Corning Fiber¬ 
glas Corporation) 

Glass fibers; 2.8? lb/ft3; 
in hydrogen; "Fiberglas Super¬ 
fine PF" blanket 1/2 In. 
thick (Owens-Cornlng Fiber¬ 
glas Corporation) 

Glass fibers; 2.8? lb/ft3; 
In hydrogen; "Fiberglas Super¬ 
fine PF" blanket 1/2 in. 
thick (Owens-Cornlng Fiber¬ 
glas Corporation) 

Glass fibers; 4.8l lb/ft3; 
In hydroçen; "Fiberglas Super¬ 
fine E" (Owens-Cornlng Fiber¬ 
glas Corporation) 

Glass-fibers; 4,8l lb/ft3; 
In hydrogen; "Fiberglas Super¬ 
fine E" (Owens-Cornlng Fiber¬ 
glas Corporation) 

Spherical envelope method 

SpherJ il envelope method 

Spherical envelope method 

Spherical envelope method 

Spherical envelope method 

Spherical envelope method 

Temperature: 141" - 78°K 

Continued on next page 
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Glass Fiber 

Apparent Thermal Conductivity 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

C> 

A 

Powers, R. W., 
Johnston, H. L., 
Hansen, R. H,, 
Ziegler, J. B. 

Powers, R. W., 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

Powers, R. W., 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

035 

035 

035 

197 

253 

253 

Glass fibers; 4,8l lb/ft^; 
In nltroaen; "Fiberglas Super¬ 
fine E" (Owens-Cornlng Fiber¬ 
glas Corporation) 

Glass fibers; 4.81 lb/ft3j 
in nitrogen; "Fiberglas Super¬ 
fine E" (Owens-Cornlng Fiber¬ 
glas Corporation) 

Glass-fibers; 10,2 Ib/ft^; in 
nitrogen atmospheres "Fiber¬ 
glas Superfine AA" (Owens- 
Cornlng Fiberglas Corporation) 

Spherical envelope method 

Spherical envelope method 

Spherical envelope method Temperature: 203*- 78°K 

1C? 
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Glass Fiber Board 

Apparent Thermal Conductivity 
Temperature, °Kelvin 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method 

O Reichel, R. C. 098 15^-560 Board, molded compouite of 
fibrous and particulate 
materials, l6 ib/ft-3; 
"Mln-K 504” (Johns-Hanvllle) 

Cylindrical envelope 
method (Radial heat flow) 

Remarks 

Cold temperature: -320°P 
directional properties 
possible, sealed, air at 
1 atmobphere 

□ Reichel, R, C. 098 550 Board, molded composite of Guarded single plate 
fibrous and particulate method 
materials, l6 lb/ft3; 
”Mln-K 504" (Johns-Manville) 

Comparison of stacked disc 
and flat-plate methods 
within 3JÉ agreement 

A Spell, S. 

V Spell, S. 

195 340 

195 340 

Glass fiber boards, enclosed Guarded single plate 
In reinforced plastic; 34 method 
lb/ft3; "Min-Klad Interlok" 
(Johns-Manville) 

Glass fiber boards; l8 
lb/ft3; "Piexlble Mln-K" 
(Jchns-Manvllle) 

Guarded single plate 
method 

Temperatures not stated 

Temperatures not stated 

^ Spe11, 

Û Spell, 

195 340 

195 340 

Glass fiber boards; 20 
Ib/ft-*; "Mln-K-1301" (Johns- 
Vunvllie) 

Guarded single plate 
method 

Glass fiber boards; 13.7 
Ib/ftP; "Min-K-503" (Johna- 
Manvllie) 

Guarded ringle plate 
method 

Temperatures not stated 

T rip Tatures, not stated 



Glass Foam 

Apparent Thermal Conductivity 
Tamperature, °Kelvin 

Sym¬ 

bol 
Investigator Ref. Range, °R Test Sample Test Method Remarks 

V 

Rowley, P. B., 
Jordan, R. C., 
Lander, R, M. 

Verachoor, J. D. 

Pittsburßh Corning 
Corporation 

Kropachot, R. H. 
and 
Corrucclnl, R. J. 

Van Gundy, D. A. 
and Jacobs, R. B. 

Spell, S. 

016 

040 

042 

069 

104 

118 

420-610 

210-255 

110-1060 

338 

200-480 

195 340 

Glass foam block (cellular 
glass block); 10.3 lb/ft8; 
specimen 1 in. thick; 
moisture content as received 

Glass foam (cellular glass 
block); 9.2 lb/ft3; pre¬ 
dried 

Glass foam, cellular boro- 
silicate type glass; 9.0 lb/ 
ft-3; "Foamglasrr (closed cell) 
(Pittsburgh Corning Corpora¬ 
tion) 

Glass foam; 9 lb/ft3; "Foam 
Glass" (Pittsburgh Corning 
Corporation) 

Glass foam (rigid cellular 
glass); 10 lb/ft3; 2-1/4 and 
4-1/4 in. thick specimens 

Glass foam; 9.0 lb/ft3* 
"Foamglas" (Pittsburgh-Coming 
Corporation) 

Guarded hot plate method 
(Twin plate) 

Guarded single plate 
method 

Not given 

Guarded hot plate method 
(Twin plate) 

Cylindrical envelope 
method (Radial heat flow) 

Guarded single plate method 

Test chamber partially 
dehumidified, atmospheric 
pressure 

Specimen dried 24 hr, at 
225°F prior to test, 
atmospheric pressure 

Data obtained from graph 
in sales literature 

Temperature: 540"to 137°R, 
atmospheric pressure 

Temperature: 75° to -290°F 
various conductivities cal¬ 
culated from thermocouples 
at various radii; data 
deviation ± 15-30$ from 
mean due to various thick¬ 
nesses of specimens; 
atmospheric pressure 

1C4 
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Temperature, °Kelvin 
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Hafnium Carbide 

Thermal Conductivity 

2000 2500 

— 

p . 

□ 

— 

O 

O 
O 

Q 

_L 

0.10 

0 E 
0.08 W 

u 0) 
«/» 

a 
w 

0.06 ¿ 

tí 
3 
“O 
c 
o 

0.02 

BOO I6OO 2000 2h00 2800 

Temperature, °Rankine 
3200 3600 4000 4400 4800 

Sym¬ 
bol 

□ 

Investigator 

Neel, I), S., 
Pears, C. D., 
Oglesby, Jr., S. 

Neel, D. £., 
Pears, C. D., 
Oglesby, Jr., 3. 

Ref. 

274 

274 

Range, °R 

1045-3820 

1045-3820 

Test Sample 

Hafnium carbide; 627 Ib/ft^; 
hot pressed 

Hafnium carbide 627 Ib/ft^; 
hot pressed 

Test Method 

Cylindrical envelope method 
(Radial heat flow) 

Cylindrical envelope method 
(Radial heat flow) 

Remarks 

Author accuracy +10# ; Not 
heat soaked, broken on 
post Inspection 

Author accuracy +10#; heat 
soaked at 450O °F"~ 



Hafnium Carbide 

Linear Thermal Expansion 

i 

I 

C 

1 

i 

« 

2.4 
500 1000 

Temperature, °Kelvin 

1500 2000 2500 3000 

2.0 

1.6 
O 
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g 1.2 

O 
a 
X 

a 0.8 

O 0.4 
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2.4 

1.6 
e 
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o 
a 
X 

0.8 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 

Temperature, 0 Rankine 

-0.4 

Sym¬ 
bol 

O 

□ 

Investigator 

Neel, D. S., 
Pears, C. D., 
Oglesby, Jr., S. 

Levinstein, M. A. 

Ref. 

2T5 

Range, °R 

530-5680 

533-2292 

Test Sample 

Hafnium carbide; 62? lb/ft^¡ 
hot pressed; 3.0015 In. long 

Hafnium carbide; 700 lb/ft^; 
sprayed refractory; powder 
mesh size, -325 

Test Method 

Dilatometer method 

Dilatometer method 

Remarks 

Elevated temp, test In Inert 
atmosphere; produced by 
spraying HfC powder In a 
controlled atmosphere of 
nitrogen gas to a density 
of 92.0% theor. 

106 

« 



Hafnium Carbide 

o.in 

0.12 

0.10 
OC 
o 

M 

0.08 

0.06 

O 
a 

</> 

o.ol» 

0.02 

Specific Heat 

500 

Temperature, 0Kelvin 

1000 1500 2000 2500 3000 

i 

■ 

O « ) § 3 B □ □ c d 
< 0 3 U E u ■fc 

, 

n 

o.ll» 

0.12 

O) 

.08 o 

0.06 

a 
o 

X 

o 
a 
CO 

O.Ol» 

0.02 

o 500 1000 1500 2000 2500 3000 3500 HOOO 1*500 5000 5500 6ooc 

Temperature, ° Rankine 

Sym¬ 
bol 

Investigator Rel. Range, °R Test Sample Test Method Remarks 

O 

a 

Levinstein, M. A. 

Neel, D. S., 
Pears, C. D., 
ORlecby, Jr., S. 

273 

27I4 

760-2460 

960-5460 

Hafnium carbide; sprayed 
refractory; mesh, -325» 66l 
lb/ft3 

Hafnium carbide; 627 lb/ft3; 
3A In. dia. X 3/1* In. long 

Drop method (Mixtures) 

Drop method (Mixtures) Calculated values from 
slope of Enthalpy curve 

1C7 
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Hafnium Dioxide 

Thermal Conductivity 

o 500 1000 

Temperature, °Kelvin 
1500 2000 2500 3000 

Temperature, °Rankine 

.►.i,« 

- 

» 

Sym¬ 
bol 

Investigator Ref. konge, °R Test Sample Test Method Remarks 

O Norton, F. H,, and 
Klngery, W. D. 

152 680-191*0 Not given Comparative method 

f.': 

f,' ■ 
“V* 
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Hafnium Dioxide 

Linear Thermal Expansion 
Temperature, 0 Kelvin 

1500 2500 3000 

500 1000 1500 2000 2500 3000 3500 M000 

Temperature, °Rankine 

4500 5000 5500 
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>0.2 
6000 

Sym¬ 

bol 
Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

A 

V 

Û 

Q 

A 

Neel, D. S., and 
learr, C. D. 

Neel, D. S., and 
Fears, C. D. 

Shaffer, P. T. B. 

Cline, C. F., and 
Lewis, G. 

Cline, C. F., and 
Lewis, G. 

Curtis, C. E., 
Doney, L. M., 
Johnson, J. R. 

Curtis, C. E., 
Doney, L. M., 
Johnson, J. R. 

Cline, C. F., and 
Lewis, G. 

Grain, C. P,, and 
Campbell, W, J, 

IraIn, C. F., and 
Campbell, W. J. 

Grain, C. ?♦, and 
Campbell, V.'. J. 

107 

107 

O85 

153 

153 

150 
and 

151 

150 
and 

151 

153 

247 

247 

247 

52O-5IOO 

520-4310 

265I-3IOI 

520-2930 

530-2930 

520-2650 

530-2840 

530-2940 

542-2468 

542-2463 

542-2469 

Not given 

Not given 

Polycrystalllne; hot pressed 

Polycrystalline; stabilized; 
4.6* MgO 

Polycrystalllne; stabilized; 
2.1* MgO 

Polycrystalllne; stabilized; 
2.3* CaO; 524 lb/ft3 

Monoclinic; unstablllzed 

Unstablllzed 

99.5* HiOp ; mixture 65* Hf02 
and 35* platinum powder fired 
at 15Ó'-‘*C for 24 hr. 

99.5* HfOo; mixture 65* HfOg 
inn 35* pîatinur. powder fired 

Dilatometei method 

Dilatometer method 

Dilatometer method 

Not given 

Not given 

Dilatometer method 

Dilatometer method 

Not given 

X-ray diffraction method 

X-ray diffraction method 

at 150'.*C for 2'i hr. 

99.5* HfO-; mixture 66* HfCg X-ray diffraction method 
and 35* píatínum powder fired 

First run. Data in 
question by author. 

Second run. Data In 
question by author. 

Measured parallel to "A"- 
axis 

Measured parallel to "B" 
axis 

Measured parallel to "C" 
axis 
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Hafnium Dioxide 
Specific Heat 

o.U 
250 

Temperature, 0Kelvin 

500 750 

0.10 

oc 
o 

-Q 

O 
a> 

X 0.06 

o 
a 

»✓> 
0.04 

0.02 

- 

— 

1250 

"T 

o 
7 O0.10 

0.1Í4 

0.12 

0.08 

0.06 

0.04 

0.02 

Temperature, °Ranl<ine 
2000 2200 2400 

Sym¬ 
bol 

O 

Investigator 

Levlneteln, M. A. 

Ref. 

273 

Range, °R 

960-2i(60 

Test Sample 

Hf02i sprayed refractory; 
524 Ib/ftT; -325 mesh size 

Test Method 

Drop method (Mixtures) 

Remarks 

110 
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12 

at 
o 

£ 

3 
2£ 

3 
TJ 
C 
o 
u 

"Õ 
E 
». 
« 

-C 

500 

Temperature, °Kelvin 

1000 1500 

Q 

-1- 

400 800 

Hafnium Nitride 

Thermal Conductivity 

2500 

1600 2000 2400 2800 

Temperature, °Rankine 
3200 3600 

□ 

0.05 

5.04 S 

.03 £ 
'> 

Z 
3 

~0 

0.02 

“5 
E 
« 

_c 

0.01 

4000 4400 
0 

4800 

Sym¬ 
bol 

Investigator Ret. Range, °R Test Sample Test Method Remarks 
O Neel, D. 5., 

Pairs, C. D., 
Oglesby, Jr., £. 

274 1003-4010 95,4* Hr + 6.6l* N.; 677 lb/ 
ft-J; hot pressed 

Cylindrical envelope method 
(Radial heat flow) 

Author accuracy +10#j 
Max. temp., 4750^ 

7*J 

'.i 
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i 
r Hafnium Nitride 
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I, 

K. 

Ik 

Linear Thermal Expansion 
Temperature, “Kelvin 

1000 1500 2000 2500 3000 

it 

. 

Sym¬ 
bol 

Investigator Ref. Range, ° R Test Sample Test Method Remarks 

O Neel, D, S., 
Pears, C. D., 
Oglesby, Jr., S. 

27^ 530-5170 95.'*% Hf and 6.61% N2; 622 
lb/ft3; hot pressed; 
3.0015 In. long 

Dilatometer method Specimen deterioration at 
4750#F 
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Hafnium Nitride 

Specific Heat 

0.1*1 

0.12 

0.08 

0.06 

0.04 

500 

Temperature, °Kelvin 

1000 1500 2000 2500 3000 

— T" 

0 0 0 0 
0 

0 
0 

0 

1 
i 

_ — 

0.14 

0.12 

0.10 

o,o8 

0.06 

0.04 

0.02 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 

Temperature, 0Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Keel, L. S., 
Pears, C. I*, 
Oglesby, Jr., S. 

274 960-11960 Hafnium nitride; 677 Ib/ft3; 
3/4 ln. dia. x 3/4 ln. long 

Drop method (Mixtures) Calculated value from slope 
of Enthalpy curve; max. 
temp., 4750*P 
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Hair Felt 

Apparent Thermal Conductivity 
Temperature, ‘’Kelvin 

0 125 250 375 SOO 625 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Rowley, F. B., 
Jordan, R. C. 
Lander, R, M. 

039 410-560 Hair felt, composition not 
given; 10.9 Ib/ft-5; specimen 
3/4 In. thick; moisture 
content as received 

Guarded hot plate 
(Twin plate) 

Test chamber partially de¬ 
humidified at atmospheric 
pressure; temperature 
difference not given 
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Honeycombs 

Apparent Thermal Conductivity 
temperature, "Kelvin 

0 125 250 375 500 625 

Temperature, "Rankine 

Sym¬ 
bol 

Investigator Rel. Range, 0R Test Sample 

O Haskins, J. r'., 
and Hertz, -T. 

123 One Inch Fiberglas honeycomb 
cells filled with COp blovm 
foam, polyester based poly¬ 
urethane foam 

Test Method 

Guarded hot plate method 
(Twin plate) 

Remarks 

Test material aged at even 
temperature for 1-3 months, 
at atmospheric pressure, 
before tests 

□ Haskins, J. F., 
and Hertz, J. 123 17^-540 

A Gray, V. H., 
Gelder, T. F., 
Cochran, K, P,, 
Goodykcontz, J, H, 

093 170-342 

V Gray, V. H. 
Gelder, T. F., 
Cochran, K. P., 
Goodykoontz, J. H. 

093 156-270 

Gray, V. H., 
Gelder, T. F,, 
Cochran, H. P,, 
Goodykoontz, J. H. 

093 154-242 

Gray, V. H., 
Gelder, T, F., 
Cochran, R. P., 
Goodykoontz, J. H, 

093 172-358 

One Inch Fiberglas honeycomb 
cells filled with 00^ blown 
foam, polyester based poly¬ 
urethane foam (H. I. Thompson) 

Guarded hot plate method 
(Twin plate) 

Faces: Outer 0.025 in. Guarded hot plate method 
phenolic glass-cloth laminate; (Twin plate) 
inner O.OO9 in. epoxy glass- 
cloth. Honeycomb: Phenollc- 
glass-cloth 3/16 in. cell, 
0.15 in. core. Fillers: Air 

Faces: Outer 0.025 in. Guarded hot plate method 
phenolic glass-cloth laminate; (Twin plate) 
inner O.OO9 in. epoxy glass- 
cloth. Honeycomb: Phenolic- 
glass-cloth 3/16 in. cell, 
0.15 in. core. Fillers: Dry 
potassium tltanate (DuPont Co. 

Faces: Outer 0.025 in. Guarded hot plate method 
phenolic glass-cloth laminate; (Twin plate) 
inner 0.009 in. epoxy glass- 
cloth. Honeycomb: Phenol1c- 
glass-cloth 3/16 in. cel], 
0.15 in. core. Fillers: 
Potassium titanate and epoxy 
mastic 

Faces: Outer 0.025 in. 
phenolic glass-cloth laminate; 
inner 0.009 In. epoxy glass- 
cloth. Honeycomb: Phenollc- 
glass-cloth 3/16 in. cell. 
0.15 in. core. Fillers:,Mln- 
k #1301" (Johns-Manville) 

Guarded hot plate method 
(Twin plate) 

Test material aged seven 
temperature for 1-3 months, 
at atmospheric pressure, 
before tests 

Cold temperature: -321°^. 
Errors in data less than 
12$, air at 1 atmosphere, 
ablation characteristics 
and strength of insulate 10 
given in reference 

Cold temperature: -321°F. 
Errors in data lens than 
12$, air at 1 atmosphere, 
ablation characteristics; 
and strength of insulation 
given in reference 

Cold temperature: -321°F 
Errors in data lese than 
12$, air at 1 atmosphere, 
ablation characteristics 
and strength of insulation 
given in reference 

Cold temperature: -323.°F. 
Errors in data less than 
12$, air at 1 atmosphere, 
ablation characteristics 
and strength of insulation 
given in reference 
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Honeycombs 

Apparent Thermal Conductivity 

Sym¬ 

bol 

P 

Investigator 

Gray, V. H., 
Gelder, T. P., 
Cochran, R. P., 
Goodykoontz, J. H. 

Gray, V. H., 
Gelder, T. F., 
Cochran, R. P., 
Goodykoontz, J. H. 

Rowley, P. B. 
Jordan, R. C. 
Lander, R. H. 

Rowley, P. B. 
Jordan, R. C. 
Lander, R. H. 

Rowley, F. B. 
Jordan, R. C. 
Lander, R. H. 

Haskins, J. P. 
and Hertz, J. 

Ref. 

093 

093 

039 

039 

039 

123 

Range, °R 

178-368 

177-365 

900-550 

1)00-550 

900-550 

165-525 

Test Sample 

Paces: Outer 0.025 in. 
phenolic slass-cloth laminate 
inner 0.009 in. epoxy slass- 
cloth. Honeycomb: Phenolic- 
glass-cloth 3/l£ in. cell, 
O.15 in. core. Fillers: 
"Min-k #501" (Johns-Manville) 

Faces: Outer 0,025 in. 
phenolic glass-cloth laminate 
inner 0.009 in. epoxy glass- 
cloth. Honeycomb: Phenolic- 
glass-cloth 3/16 in. cell, 
0.15 in. core. Fillers: ^ 
Polyurethane foam, 4 Ib/ft-' 

One inch air space; bounded 
by ordinary building 
materials 

One inch air space; bounded 
on warm side by aluminum 
paint 

One inch air space: bounded 
on warm side by aluminum 
foil 

Teflon composite - 1/8 in. 
solid Teflon and 3/8 in. 
Teflon foam (DuPont Company) 

Test Method 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 

(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Remarks 

Cold temperature: -321°P. 
Errors in data less than 
12£, air at 1 atmosphere, 
ablation characteristics 
and strength of insulation 
given in reference 

Cold temperature: -321 .. 
Errors in data less than 
12£, air at 1 atmosphere, 
ablation characteristics 
and strength of insulation 
given in reference 

Test chamber partially de¬ 
humidified, atmospheric 
pressure; frost formation 
occurred; temperature 
difference not given 

Test chamber partially de¬ 
humidified, atmospheric 
pressure; frost formation 
occurred; temperature 
difference not given 

Test chamber partially de¬ 
humidified, atmospheric 
pressure; frost formation 
occurred; temperature 
difference not given 

Test material aged at room 
temperature for 1-3 months, 
at one atmosphere pressure, 
before test 
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Honeycombs 
Apparent Thermal Conductivity 
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Sample Radiation Shields Spacers Environment 
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P
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in lb/ft3 in in °R °R mm Hg Btu/hr ft °R 

O 

a 

A 

i/'t 

ia 

1/4 

1 
1 

1 
1 

1 
1 

henolic glass cloth laminate 
poxy glass cloth laminate 

Phenolic glass cloth laminate 
Epoxy glass cloth laminate 

Phenolic glass cloth laminate 
Epoxy glass cloth laminate 

.01 

.01 

.01 

.01 

.01 

.01 

Cellular phenolic glass cloth 
honeycomb with polyurethane 
foam filler 

Cellular phenolic glass cloth 
honeycomb with polyurethane 
foam filler 

Cellular phenolic glass cloth 
honeycomb with polyurethane 
foam filler 

3/16 

3/16 

3/16 

139 

37 

37 

315 

227 

233 

760 

760 

760 

.0296 

.0458 

.0502 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

O 

A 

Gray, V. H., 
Gelder, T. F., 
Cochran, R. P., 
Goodykoontz, J. H. 

Gray, V. H., 
Gelder, T. F., 
Cochran, R, P., 
Goodykoontz, J. H. 

Gray, V. H., 
Gelder, T. F., 
Cochran, R. P., 
Goodykoontz, J. H. 

093 

093 

093 

Above 

Above 

Above 

Above 

Above 

Above 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 
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Lithium Hydride 

Thermal Conductivitivity 

250 

Temperature, °Kelvm 
500 750 1250 

4: 

-C 

CÛ 

> 
€ 
3 

“O 
C 
o 
u 

t 2 

-1 r~ 

R 
EJ_j 

1 
1 \ 

n 
■t r a A ) 

O 

J A 

J 

0.025 

E 
.020 u 

.015 £ 
> 

“0 
c 
0 

.oiov 

.005 

400 800 1000 1200 1400 

Temperature, °Rankine 
l600 1800 2200 2400 

Sym¬ 
bol 

O 

□ 

A 

Investigator 

Pleldhouse, I. B., 
Hedge, J. C., 
Lang, J. I. 

Manning, L., and 
McKee, D. J. 

Manning, L., and 
McKee, D. J. 

Ref. 

036 

264 

264 

Range, °R 

600-1420 

710-1460 

710-1460 

Test Sample 

Not given 

Cast lithium hydride aalt 
In cylindrical shape; 6 In. 
dia. X 36 ir. long 

Cast lithium hydride aalt 
In cylindrical shape; 6 in. 
dia. X 36 In. long 

Test Method 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope method 
(Radial heat flow) 

Cylindrical envelope method 
(Radial heat flow) 

Remarks 

Test conducted in vacuum and 
in helium atmosphere 

Teat conducted In helium; 
variation in effective thermal 
conductivity caused by shrink¬ 
age cracks in material and 
bonding to test containers 
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Lithium Hydride 

Linear Thermal Expansion 

250 

Temperature, °Kelvin 

500 750 

O 

c 
o 
a 
X 

e 
JL 

a 
o 
c 

1250 

n 
, 3 

“f 

r 
t3 

T 
O 

r 1 ■ 

n 
- j 

□ 
_1 }C q 

_E 
aS ¡f b 

s 
a 0 u 

200 400 600 800 

c 
o 
•» 
c 

2. 
X 

0 
e 
c 
3 

1000 1200 1400 

Temperature, °Ranlcine 
1600 1800 2000 2200 

-2 
2400 

Sym 
bol 

O 

□ 

Investigator 

Laquer, H. L. 

Pleldhouse, I. B., 
Hedge, J. C., 
Lang, J. !• 

R«(. 

196 

032 

Range, °R 

10-5S0 

550-1630 

Test Sample 

Made from 20 mesh powder at 
400°C and 20,000 psl 

Not given 

Test Method 

Dilatometer method 

Telemicroscope method 

Remarks 
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Lithium Hydride 

Specific Heat 

2.8 

2.4 

2.0 

JÛ 

\ 
2 1.6 

1.2 

Ä 

I 

0.4 

250 
Temperature, 0Kelvin 

500 750 1000 1250 

2.8 

2.4 

2.0 

o 
a» 

X.6^ 

1.2 

8 
a 

V) 
0.8 

0.4 

0 200 400 600 800 1000 1200 1400 l600 l800 2000 2200 2400 

Temperature, 0Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Fleldhouse, I. B., 
Hedge, J. C., 
Lang, J. I. 

032 76O-I5IO Not given Drop method (Mixtures) 
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Lucite 

:c 

a 

•ï 

■c 

« 

« 

Thermal Conductivity 
Temperature, “Kelvin 

0 125 250 375 500 625 

Temperature, “Rankine 

Sym¬ 
bol 

Investigator Ref. Range, “R Test Sample Test Method Remarks 

0 

□ 

A 

Eiermarn, K. 

Eiermarn, K. 

Eiermar ., K. 

2^41 

2^41 

2'U 

168-650 

168-560 

168-582 

Lucite 

Lucite 

Lucite 

Unguarded hot plate method 

Unguarded hot plate method 

Unguarded hot plate method 

Author accuracy +4# 

Author accuracy +4# 

Author accuracy +4# 
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Magnesium - Aluminum Oxide System 

Thermal Conductivity 
Temperature, °Kelvin 

£ 
fc. 

JC 

3 
Cfl 

3 
“0 
c 
0 
u 

H > V . 

- ■ 

-- 
T ? 

C 
q 1 

¿i 
□ 

— 
t ï- 

À 
L, 

iSw 
Q 3 7 

17 

lD j 7 
— - V 

rC C7 \ 
— 

-1 y 
fck. 

•£) 

hi A 
£ D- 

z A Z A A r> 

F 
L> D 

7- 
7 _L 

0.025 

0.020 

.03.5 >“ 

'> 
t 
D 

TJ 
c 
o 

.010U 

0.005 

Temperature, °Ranlcine 

Sym¬ 
bol 

O 

□ 
A 

Investigator 

Weeks, J. L., 
and Seifert, R. A. 

New Jersey Ceramic 
Research Station 

New Jersey Ceramic 
Research Station 

û 

D 

/1 

D 

P 

Kincr,ery, W. D., 
and Prancl, J. 

Centralab 

Smoke, E. J., and 
Koenig, J. H. 

Smoke, E. J., and 
Koenig, J. H. 

Smoke, E. J., and 
Koenig, J. H. 

Bueseem, W. R., 
and Bush, E. A. 

Ruh, E., and 
McDowell, J. S. 

Ruh, E., and 
McDowell, J. S. 

Slack, G. A. 

Ref. 

184 

183 

183 

062 

053 

026 

026 

026 

031 

230 

230 

268 

Slack, 0. A. 268 

Range, °R 

610 

560-740 

570-680 

850-2660 

Test Sample 

Single crystal, spinel¡ 225 
lb/rt3 

Polycrystalllne; MgC AlpOa + 
10* S102 J 

Polycrystalllne; Mp.0 AloO^ + 
20* S10, J 

671 

67I-IO3I 

67I-IO3I 

671-1031 

725-3201 

728-2436 

782-2123 

9-540 

40-540 

Polycrystalllne; porosity 
7.65*; 204 lb/ft3; 71.9*' 
Al203, 29.0* Kgo 

Polycrystalllne; I65 lb/ft3; 
"Body 401" 

Polycrystalllne; density 
189 lb/rtJ; 10* £- SlO-i spinel 
MgO A1S03 + 10* SIO2 

Polycrystalllne; I81 lb/rt,3; 
20* S10j; spinel MgO AlpOo 
+ 20* S102 3 

Polycrystalllne; 144 lb/ft^; 
"Cordlerlte 0-10A" 

Polycrystalllne; 132 Ib/ft^; 
0.3* porosity; 6* Sierra talc 
34.6* C & C ball clay, 52.1* 
Florida kaolin, 7.3* MgO; 
Cordlerlte; Tired at l4oo“c 

55.6* MbO, 15.4* CrpOg, 14.6* w . --, pu2 ' 
23.4% porosityj 174 

comp, strength 4050pal 

93.6¾ MgO; 19.7¾ porosity;174 
Ib/ft^; comp, strength 9H0pei 

Single crystal; Mg0 7c, 
^0.41» All.85» Ou;’!.! 12 

length, O.34 cm. dia. 

Single crystal; MgO 
All .93» 04; 1.00 cm 
0.24 cm. dia. 

:1, 
eo.3 

ength 

Test Method 

Comparative method 

Comparative method 

Comparative method 

Prolate spheroidal method 

Not given 

Comparative method 

Comparative method 

Comparative method 

Cylindrical envelope method 
(Radial heat flow) 

Guarded 1od method 
(Axial heat flow) 

Guarded rod method 
(Axial heat flow) 

Remarks 

Sales literature 

Author accuracy £lC^; 
precision +5¾ “ 

Author accuracy +10¾} 
precision +5¾ ” 

Guarded rod method 
(Axial heat flow) 

Guarded rod method 
(Axial heat flow) 

Opaque, water worn crystal 
of pleonaste spinel from 
Queensland, Australia 

Opaque, water worn crystal 
of pleonaste spinel from 
Queensland, Australia 
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500 

Magnesium - Aluminum Oxide System 

Linear Thermal Expansion 
Temperature, °Kelvin 

1000 1500 2500 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

A 

V 

Û 

Û 

D 

Heals, H, J., and 
Cook, H, L. 

Geller, H, F,, et 
al. 

Whittemore, 0, J. 
and Ault, N. N, 

Rigby, G. R., 
Uvell, G. H. B., 
Green, A. T, 

S txonburg 
Ceramics, Inc. 

Smoke, K. J., 
Rooria, J,, et al. 

Smoke, E. J., 
Recela, J., et al. 

1^? 

185 

OUk 

186 
and 
18? 

053 

OUJ 

2 37 

2 37 

860-2660 

530-2300 

I0if0-3132 

700-2660 

851-1571 

1211-1751 

660-176 

6( -1760 

Prepared from reagent grade 
materials 

Prepared from 994 AlpO^, 
97# MgO (Perlclase) 

Coarse fu.sed grain 

PolycrystalUne; density 
222 Ib/ftJ; oxides mixed 
with 5# boric acid, molded, 
fired 2 hr. at 1530°C, 
crushed, molded, refired to 
1530°C, repeated 

Porosity. 0.02#; I65 lb/ft3, 
"Body i*0l" 

Porosity, 1.1#; 177.5 lb/ft3 

25.5# MgO, 53.5# AlpO}, 21# 
clay; zero porosity; Í92 
lb/ft3; pressed bar 

U.7% 37.H* Al?7,, '10. 
cluyi zfiro porosity; 179 16/ 
ft.'; pressed bar 

X-ray diffraction method 

Interferometer method 

Telemicroscope method 

Not given 

Not given 

Not given 

Dll itometer method 

Dilatometer method 

Sample reacted with fused 
silica Interferometer 
plates 

Sales literature 

Sales literature 

Temp, rise at 2-3#C per min. 
bulk density by water dis¬ 
placement method 

Temp, rise at 2-3°C per min. 
bulk density by water dis¬ 
placement method 
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Magnesium - Aluminum Oxide System 

Compressive Strength 

500 

Temperature, 0 Kelvin 

1000 1500 2500 

280 

240 

200 

J ISO 

« 
*5 120 
O h. 
a 
E 
o 

80 

40 

JL 5000 
<N 

5000 

400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 

Temperature, °Rankine 

Sym¬ 
bol 

Investigator 

Bradshaw, W. 0., 
and Matthews, C.O. 

Rei. Range, ° R 

029 530-3372 

Test Sample 

Not given 

Test Method 

Not given 

Remarks 
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Magnesium - Beryllium Oxide System 

Thermal Conductivity 
Temperature, °Kelvin 

r—- 
Sym¬ 
bol 

Investigator Ret. Range, °R Test Sample Test Method Remarks 

o 

□ 

Kinder y, W. L. 

Taylor, R, E. 

001 

2-46 lJii)0-3600 

Hulycryatal line; 25.7* 
poroElty; 151.5 Ib/rt^; 
5^.3* volume BeC, sintered 
at 1H00 ®C 

99* BeO + 1* MgO; 1Ö7 lb/rt3; 
2.0 in. X 0.5 ln. x 3.0 in.; 
hot pressed 

— .. 

Comparative method 

Cylindrical envelope method 
(Radial heat flow) 

Data corrected for porosity 

Author accuracy average 
grain size, 6o/< 
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250 
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5C 

Temperature, °K< 
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tlvin 
>° 1000 1250 
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0.005 
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s 
41 
a 

c 200 boo 600 800 1000 1200 11400 1600 1800 2000 2200 2^00 

Temperature, °Rankine 

m 
- 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 
* 

1 
u 

o Buckner, D, A., 
Hafner, H. C., 
Krledl, N. J. 

263 1310 MgFgj *99 lb/ft3; granular; 
hot pressed at 600-700*0 and 
25*000-^5,000 psl to form 
transparent specimen 

Not given 

pH 
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Magnesium Fluoride ^ 

Linear Thermal Expansion 
_ ij 
Temperature, “Kelvin * ■ 

5°0 750 1000 1350 

1.2 

f.« 

1.0 •.* 

•+m * 
c 
o F‘i 
u 

0.8 „ 
« 
Q- 

c 
o 

0.6 « .j 

0 
o. 'w; 
X 
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0.4 Ö 
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P 
o m 

. 

— — 
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« 
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0 i -0 
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" -0.2 
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l’1 

0 200 Ü00 
—————— _0,2 

600 800 1000 1200 1400 l600 l800 2000 2200 2400 *J 

Temperature, “Rankine 

i 

” « 

Sym¬ 
bol 

Investigator Ref. Range, “R Test Sample Test Method Remarks 

O Buckner, D. A., 
Hafner, H. C., 
Krledl, N. J. 

253 508-1392 MgP2* 399 Ib/ft-^j granular; 
hot pressed at 600-700#C and 
25#000-45,000 psi to form 
transparent specimen 

Not given 
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Magnesium Fluoride 

Specific Heat 

250 

Temperature, °Kelvin 

500 750 1000 1250 

0.28 

0.2¿* 

0.20 

0.16 

0.12 

0.08 

Q.OU 

I 

0.2^ 

0.20 

0.16 

0.12 

0.08 

0.0^4 

200 400 600 800 1000 1200 1400 1600 l800 2000 2200 2400 

Temperature, °Rankine 

Sym¬ 
bol 

Investigator Ref. Range, ° R Test Sample Test Method Remarks 

o Buckner, D. A., 
Hafner, H. C., 
Kriedl, N. J. 

263 537-1310 MgPpi 199 lb/ft3; granular ; 
hot^presced at 600-700WC and 
25*000-45,000 psi to form 
transparent specimen 

Not given 
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Magnesium - Nickel Oxide System 

Thermal Conductivity 
Temperature, °Ke!vin 

500 1000 1500 2000 2500 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

A 

V 

Klngery, W. D. 

Klngery, w. L-. 

Klngery, W. D. 

Klngery, V/. D. 

001 

001 

001 

001 

671-2651 

851-2651 

671-2651 

671-2651 

Polycrystalline; density 
19^.5 lb/ft-3; lA.Tüa porosity; 
slip cast 1.0# N10 

Polycrystalllne; density 
193 Ib/ft-J; porosity; 
slip cast 2.8# N10 

Polycrystalllne; density 
208 Ib/ft-^; I9.O# porosity; 
slip cast 15.0# N10 

Polycrystalllne; density 
204 lb/ft3; 30.5# porosity 
slip cast 34.5# N10 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Data corrected for porosity 

Data corrected for porosity 

Data corrected for porosity 

Data corrected for porosity 
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Magnesium Oxide 

Thermal Conductivity 

3 

2 

3 
"O 

o 
V 

500 

Temperatur«, °Kelvin 

1000 1500 2000 2500 

B-r -ï 5~r 

n 
e 

- 

cr 

'S 

D 

u D . 3 

— 

r » 

■ ü b c 1 O 12- 

i P~ > 

ï ^ n ! § 
■) i 0 

1 1 J2- 4 A A 1 n a 3- 

. 

£2 jñ Û - Ù A L c 

0.20 

* 
o 

£ E 
o.i6 w 

KJ 

0.1.2 > 

> 

3 
"D 
c 
o 

0.08 U 

■ O.OU 

Temperature, °Rankine 

Sym¬ 

bol 
Investigator Rel. Range, °R Test Sample Test Method Remarks 

O 

□ 

A 

û 

û 

ù 

D 

D 

Charvat, P. H. 

Knapp, W. J, 

Norton Conpany 

Klngery, W. D., 
Krancl, J., Coble, 
R. L., Vasllos, T. 

McClelland, J. D. 
and Zehms, E. H. 

Charvat, P. R. 

Charvat, P. R. 

Adame, M. 

Franci, J., and 
Klngery, W. D. 

HcQuarrle, M. 

Karplnlskl, J. M., 
Hasaelman, D. P. H. 
Tervo, R., 
Fellerley, G. H. 

Karplnlskl, J. M. 
Hasaelman, D. P. Il, 

llïïgflSÿ, Q. H. 

068 

038 

066 

O62 

006 

068 

068 

057 

058 

059 

005 

005 

851-2111 

736-1390 

1260-5260 

671-3371 

1751-3911 

671-2291 

671-19.1 

1211-2651 

671-1571 

2291-3551 

1713 

1765 

Single crystal, optical 
quality 

Single crystal 

Polycrystalllne; 20-22# 
porosity; 96.5-97.2# MgO; 
1.5-2.0# S102; 1.3-1.5# 
CaO;"Magnorlte K" 

Polycrystalline; 205-217 
Ib/Tt-3; 2,8-8,1# porosity; 
slip cast Prom finely ground 
polycrystalline MgO 

Polycrystalllne; 10# porosity, 
polycri'stalllne MgO; Norton 
Company specimen 

Polycrystalllne; 13# porosity 
polycrystalllne MgO 

Polycrystalllne; 4.75# poros¬ 
ity; polycrystalllne MgO 

Polycrystalllne; 8.50# poros¬ 
ity; slip cast from finely 
ground MgO 

Polycrystalline; 8.50# poros¬ 
ity; slip cast from finely 
ground MgO 

Polycrystalllne; 5-10# poros¬ 
ity; slip cast from ground 
powder of 99.16# MgO 

Polycrj's tal line; 23.5# poros¬ 
ity; 95.6# MgO, 3.0# S102, 
1.3# CaO, 0.1# FC203 

Polycrystalline; 15.2# poros¬ 
ity; 95.6# MgO, 3.0# Slop» 
1.3# CaO, 0.1# Fe203 

Comparative method 

Comparative method 

Not given 

Comparative method 

Cylindrical envelope 
method (Radial heat flow) 

Comparative method 

Comparative method 

Prolate spheroidal method 

Comparative method 

Prolate spheroidal method 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Not plotted 

Sales literature 

Author accuracy 15# 

Data corrected to zero 
porosity 

Data corrected to zero 
porosity 

Author accuracy ± 5# 

Author accuracy t 10# 

Author accuracy ± 10# 

Continued on next page 
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Magnesium Oxide 

Thermal Conductivity 

Sym- 
bol 

O 

O 

Investigator 

Karplniskl, J. M. 
Hasselman, D.P.H. 
Tervo, R. 
Fellerley, G. H. 

Fieldhouse, I. B, 
and Lang, J. I, 

Slack, G. A. 

Slack, G, A. 

Ref. 

005 

P26 

268 

268 

Range, °R 

1782 

860-4075 

4-540 

5-540 

Test Sample 

Polycrystalline ; 13.7# 
porosity; 95.6# MgO, 3.0# 
S102, 1,3# CaO, 0.1# Pe203 

Polycrystalllne; 99# ^g0; 
<0.5# SI, <0.3# Mn 

Single crystal (synthetic); 
1.11 gm. long, 0.28 cm. dla. 
^.213A lattice constant 

Single crystal (synthetic); 
1.2¾ cm. long, O.Ill cm. dla. 
^.213A lattice constant 

Test Method 

Cylindrical envelope method 
(Radial heat flow) 

Cylindrical envelope method 
(Radial heat flow) 

Guarded rod method 
(Axial heat flow) 

Guarded rod method 
(Axial heat flow) 

Remarks 

Author accuracy +10JÍ 
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Magnesium Oxide 
Linear Thermal Expansion 

2.4 
500 

1.6 

a> 
a 

•5» 1.2 
c 
a 
a 
X 

0.8 

<D 
-C 

Temperature, °Kelvin 

1000 1500 2500 

0.4 

r 'q 
JL 1 

r 

^1 n 
ia ”1 D 

0 
i i 

cr 
) 

□ D 
. 

A 

r 

\ 
w 

D 
& 

8 ¿U 
a V 

Bp 

_ _ _ 

2.4 

2.0 

1.6 

a> 
a 

c 
a 
a 
X 

0.8 

a> 
JO 

0.4 g 

« 
C 

0 400 800 1200 1600 2000 2400 2800 3200 36OO 4000 4400 

Temperature, °Rankine 

-0.4 

4800 

Sym¬ 
bol 

O 

□ 

A 

V 

Û 

Û 

Q 

Investigator 

Engberg, C. J., 
and Zehms, F. H. 

Norton Corrpany 

Saxcnburg 
Ceramics, Inc. 

Whlttemore, 0. J. 
Jr., and Ault, 
N. N. 

Pieldhouse, I. B. 
and lang, J. I. 

Burk, M. 

Wllfong, R. L., 
et al. 

Campbell, 

Ref. 

066 

047 

226 

238 

262 

Range, °R 

528-H092 

760-3220 

672-1752 

1032-3192 

530-3935 

150-510 

Test Sample 

Polycrystalllne; 201 lb/i't3; 
cold pressed and sintered 
at 1750 °C 

Polycrystalllne; 178 Ib/ft^; 
91% MgO, 1.5-2.0% S102, 1.3- 
1.5% CaO; 20-22# porosity 
Magnorlte K 

Polycrystalllne; I61.5 
Ib/rt-5; 25# porosity 

Polycrystalllne; coarse 
fused grain 

Polycrystalllne; 99% MgO, 
0.5# SI, 0.3# Mn 

Polycrystalllne; 99# MgO; 
15-20# porosity; lñl-194 
lb/ft-5; 6 In. long x 1/8 
In. dla. rod 

'Ingle '’rystil ; 

ryr.Lj 1 llrv.-; >8# MgO t 
;■ ,ith< • ; (Morton 1 
Co.) r. 

Test Method 

Pelemlcroscope method 

Not given 

Not g Ivor. 

Tclemlcroscope method 

Telemlcrusoope method 

Dilatometer method 

I nt.' rferomett: 

! 1 1 h*.otn-'t,' r, X- 
tlon mi t.h.oi:: in 

Remarks 

Sales literature 

Sales literature 
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Magnesium Oxide 

Specific Heat 

0.56 
500 

Temperature, “Kelvin 

1000 1500 2000 

o.itö 

0.40 

0.52 

0.24 

0,l6 

0.08 

2500 

P- 

□ 
□ 

f u 
( !_ Ü1 

k 
< ) < » O 

9 
Ji LI 

□ 

0.56 

0.48 

0.40 

O) 

.32 -5 

0.24 

« 
a 

v> 
0.16 

0.08 

400 800 1200 I6OO 2000 2400 2800 

Temperature, “Rankine 

3200 36OO 4000 4400 4800 

Sym¬ 

bol 

□ 

A 

Investigator 

Arthur, J. S. 

Fieldhouse, I. B., 
and Lang, J. I. 

Victor, A. C., and 
Douglas, T. B. 

Ref. 

094 

226 

261 

Ronge, “R 

850-1975 

800-3200 

672-2112 

Test Sample 

Not giver. 

99% Mgo, <0.5 Sij<0.3 Mnj 
cylindrical specimen 

99.93# pure MgO (Norton Co.) 

Test Method 

Drop method (Mixtures) 
modified 

Drop method (Mixtures> 

Drop method (Mixtures) 

Remarks 

Data of doubtful accuracy 

r 
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Magnesium Oxide 

Total Normal Emittance 
Temperature, ° Kelvin 

0 500 1000 1500 2000 2500 

Temperature, °Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

A 

Sully, A. H., 
Brandes, E. A., 
v/aterhouse, R. B. 

Olson, 0. H., and 
Morris, J. C, 

Olson, 0, H., and 
Morris, J, C. 

09Ü 

03¿4 

037 

1200-19½ 

1950-3180 

660-1760 

Pure 

Polycrystalllne; fused 
magnesium oxide 

Polycrystalllne; fused 
magnesium oxide 

Radiant heat measured with 
thermopile, sample tempera¬ 
ture by Pt, Rh thermocouple 

Enclosed specimen method 
(rotating) 

Enclosed specimen method 
(rotating) 

Variation t 12JÍ due to 
cycling 

Variation — 7# due to 
cycling 
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Magnesium Oxide 

Thermal Diffusivity 
Temperature, 0Kelvin 

’5? 
D 

3: 
Q 

a 
E 
a) 

JZ 

^00 Ö00 1200 1600 2000 2^00 2Ö03 3200 36CO i*0C0 ¿¿•OO *-d00 

Temperature, °Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

Fltzsimons, E, C. 

Plumner, W. A., 
Campbe11, D. E., 
Comstock, A. A* 

C55 

?‘*3 

1212-18^2 

537-2292 

Cylinder shape; 187 
V>% porosity 

MgO; 2.06 Ib/ft^ ; 7.6 ?r.. 
wide X 12.7 um. lon-j x “-5 cm 
thick 

Drop-liquid bath 
method 

Fixed Plate Method 
(Transient Heating) 

Estimated best accuracy 
6¾ 

Estimated ar^urary -15* 
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Magnesium Oxide and Others 

Thermal Conductivity 
Temperature, 0 Kelvin 

500 1000 1500 2000 2500 

Syirv 
bol 

Investigator 

Clements, J. F 
and Vyse, J, 

Clements, J. F., 
and Vyse, J. 

Clements, J, 
and Vyse, J. 

Ref. 

056 

056 

056 

Range,0 R 

1930-2650 

1930-2650 

1930-2650 

Test Sample 

Polycrystalline; density 172 
lb/ft3i 22.6^ porosity; 
"Magnesite B": 93.1:5 MeO, 
2.7¾¾ ?e203, 2.16¾ CaO, 1.22¾ 
3102, 0.5¾¾ AI2O3, 0.12¾ 
TlOp, 0.03¾ tloO, 0.010 K0O + 
0.1? loss 2 

Polycrystalline; density 192 
lb/ftd; 14,50 porosity; 
"Magnesite A": 90.000 MgO, 
3.910 Fe203; 3.400 CaO, 1.680 
S102, 0.750 AlpOp, 0.140 TlOp 
0.04 Na20, 0.010 KpO + 0.10 
loss 

Polycrystalllne; density 182 
lb/ft-5; 17.85J porosity; 
"Magnesite C": 85.86'y MgO, 
4.990 AIpOp, 3.730 FcpOp, 
3.280 SlOp, 2.060 CaO, d.130 
0,060 KpO + 0.16 loss 

Test Method 

Guarded rod method 
(Axial heat flow) 

Guarded rod method 
(Axial heat flow) 

Guarded rod method 
(Axial heat flow) 

Remarks 

Author accuracy s % 

Author accuracy $55¾ 

Author accuracy $ 5# 
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Magnesium Oxide - Spinel System 
Thermal Conductivity 

250 

Temperature, °Kelvin 
500 750 1000 1250 

200 400 600 800 1000 1200 1400 1Ó00 

Temperature, 0Rankine 

c 

y 

< ) 

£ f 
Cr ù 

a r 
y- X, □ 

P 
5 7l o 

T & 
— 3" 

5 XT ] X > 
\1 u 

X u- 7 A J c 1 
V A 

A ' 

0.05 

0.04 

* 
o 

E 
w 

w 
O 
* 

a 

0.03 >» 

‘> 

Z 
3 

U 
C 
O 

n no ^ 

0.01 

L0 
l800 2000 2200 2400 

Sym¬ 
bol 

Investigator 

O Kingcry, W. D. 

Ref Range, ° R 

ooi 744-2238 

Test Sample 

Polycrystalllne; 203 lb/ft3 
10.TT' porosity; lOfi alumina 

Test Method 

Comparativo method 

Remarks 

Author accuracy ± 4/, 
Data corrected for roroslty, 
fired at I6OOC 

□ Klngery, W. D. 

A Klngery, W. D. 

001 868-2148 Polycrystalline; 210 lb/ft^, 
6,4/ porosity; 20/ alumina 

Comparative method 

001 672-2112 Polycrystalllne; 198 lb/ft3, 
11.4/ porosity; 35/ alumina 

Comparative method 

Author accuracy ± 4/. 
Data corrected for porosity, 
fired at l800°C 

Author accuracy ± 4/, 
Data corrected for porosity, 
fired at 1800°C 

V Klngery, % D. 001 778-2094 Polycrystalline; 190 lb/ft3, 
14.8/ porosity; 55/ alumina 

Comparative method Author accuracy ± 4/, 
Data corrected for oorosity, 
fired at l800°C 

Klngery, W. D. 001 852-2004 Polycrystalline; 187 lb/ft^, 
15.4/ porosity; 65/ alumina 

Comparative method Author accuracy 
Data corrected 
fired at l800°C 

± 4/. 
for porosity. 

û New Jersey Ceramic 
Research Station 

207 575-705 Polycrystalllne; 2'40 lb/ft^, 
9 MgO; SnOpJ 70.7/ MeOj 
29.3/ Sn02 (0.17/ water ab- 
3orptlon)7 fired 1.5 hr. at 
2800 T' 

Comparative method 

o New Jersey Ceramic 
Research Station 

207 58O-747 Polycrystalllne; 261 lb/rt3, 
'I I'toO) SnOpJ 51.P 
48.30 SnOo (0.0280 water 
abeorotlon), fired 1.5 hr. 
at 2700°F 

Comparative method 
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Magnesium Silicate 

Thermal Conductivity 

9 
2 

> 
ï 
3 

"0 
c 
0 
u 

“5 
E 

28 

24 

250 

Temperature, °Kelvin 
500 750 1250 

i 

A 

/ 

-- 

7 S 

q 
ai _i P" ; l i j Ti ff 

□ 

3 j L a 1^ i □ 1 h 1 
►_ 

LJ 
Ç L U s 1 n O (1 j.. t ? 

-C 0 1 _ T> t 
400 600 800 1000 1200 1400 l600 

Temperature, °Rankine 
l800 2200 

0.10 

0.08 

o 

E 
W 

8 

a 

o.o6 >• 
> 

0.04 

0 
u 

"0 
E 

2400 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

Buessem, W. R., 
and Bush, E. A. 

□ 
A 

V 

Û 

Û 

D 

/1 

D 

Klngery, W. D 
and Norton, F 

Klncery, W. D 
and Norton, F 

Norton, F. H. 
Klngery, W. D 

XU™; ?: 

Klngery, W. D, 
and Norton, F, 

Smoke, E. J,, 
Koenig, J. H. 

Smoke, E. J., 
Koenig, J. H. 

moke, E. J., 
Koenig, J. H. 

Bishop, P. H. 
and Rogers, K. 

. H. 

• t 
. H. 

and 

. H. 

» 
H. 

and 

and 

and 

H., 
F. 

D Bishop, P. H. H., 
and Rogers, K. F. 

031 

192 

165 

152 

192 

192 

026 

026 

026 

090 

090 

68O-I859 

760-2120 

1040-2060 

II20-2080 

760-2080 

II20-I850 

56O-76O 

56O-7ÓO 

56O-76O 

49I-2III 

527-1481 

Polycrystalline; 0.2# poros¬ 
ity; 160 lb/ft3; steatite 
body, 82.0# Manchurian talc, 
8.0# Maine feldspar, 10.0# 
Tennessee ball clay 10# binder 
fired on pottery flint at 
1305°C 

Polycrystalllne; 95.0# MgO, 
5.0# S102 

Polycrystalllne; 65# MgO, 
35# S102 

Polycrystalllne; 92.7# MgO, 
7.3# S102 

Polycrystalllne; 85# MgO, 
15# S102 

Polycrystalllne; 75# MgO, 
25# S102 

Polycrystalllne; I80 Ib/ft^ 

Polycrystalllne; I68 lb/ft^ 
steatite, L-5 grade 

Polycrystalllne; 169 Ib/ft^ 
steatite, commercial 

Press-moulded Durestos; 
specific gravity; 98 lb/ft3 

Press-moulded, post cured 
Durestos; 97 lb/ftJ 

Cylindrical envelope 
method (Radial heat flow) 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Guarded single plate 
method 

Guarded single plate 
method 

Accuracy from 0°C thru 
550°C estimated to be ±30#; 
accuracy above 550°C esti¬ 
mated to be ± 50# 

Estimated accuracy i 30# 
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Magnesium Silicate 

Apparent Thermal Conductivity 

Pressure, mm Hg 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Corruccinl, R. J. 10k 338 Talc powder; 75 Ib/ft^ Cylindrical envelope 
method (Radial heat flow) 

Temperature: 5^0° to 137°R 
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Magnesium Silicate 

Linear Thermal Expansion 
Temperature, °Kelvin 

0 200 400 600 800 1000 1200 1400 1600 l800 2000 2200 2400 

Temperature, °Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

A 

V 

Saxcnburg Ceramics 
Inc. 

Saxonburg Ceramics 
Inc • 

Saxonburg Ceramics 
Inc. 

General Ceramics 

General Ceramics 

047 

047 

047 

048 

048 

571-1751 

571-1751 

1211-1751 

371-1211 

371-1211 

Polycrystalline; 0.05# poros¬ 
ity; 152 lb/ft3; "S-151" 

Polycrystalline; 0.05# poros¬ 
ity; 174 lb/ft3; "S-L-500" 

Polycrystalllne; 0.05# poros¬ 
ity; 164 lb/ft3; "S-420" 

Polycrystalllne; 176 Ib/ft^ 
"L5A" glazed steatite 

Polyct^stalllne; 176 lb/ft^ 
"LOA" unglazed steatite 

Not given 

Not given 

Not given 

Not given 

Not given 

Sales literature 

Sales literature 

Sales literature 

Sales literature 

Sales literature 
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Magnesium Silicate 

Specific Heat 
Temperature, 0 Kelvin 

L .¾ 
00 750 1000 1250 i 

0.6 

Ip 
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0 "j 

o> V - 
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0.4 "o i] 
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SA 1 - 
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X . o 
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1 0.3 1 
w 

\ % Ä 
: , 1 r. a 

-1 «/» 
*r« 0.2 w 

0 1 

0 

i 

800 400 600 800 1000 1200 1400 l600 l800 2000 2200 

Temperature, °Rankine 

40 0 

9 

L'“' 

1 s" 

:* 

■ï 

i " j 

“i 

Sym¬ 
bol 

Investigator Rel. Range, °R Test Sample Test Method Remarks 
v *4 

«• i 

t- 5 
KM «SI 

1 l 
* 

ÍMK«j 

“*■ "i 

í. * 

O Rogers, K. F. 077 671-2291 Press-moulded RA 51 Durestos 
flock 

Guarded sample method Data are for average specific 
heat; results apply only 
when Durestos Is heated 
slowly and the volatile 
degradation products are 
allowed to escape; data 

based on original weight 

J 
Fv 

. w . 

H ,.,1- , 
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Mineral Fiber Board 

Apparent Thermal Conductivity 
Temperature, "Kelvin 

0 125 250 375 500 625 

Temperature, "Rankine 

5ym 

bol 

O 

Investigator Rel. Range, °R Test Sample Test Method Remarks 

Versehour, J. D. 0140 2?6-',?80 Res in-bond eel mineral wool 
bo£)rd (J4 samples); 16.^1 lb/ 
ft“*, pre-dried 

Guarded single plate 
method 

Temperature difference 
between -300°F and various 
hot side temperatures, at 
atmospheric pressure 

□ Verschoor, J. D. 040 210-287 Asphalt-bonded mineral wool 
board (2 samples) 16.6 lb/ 
ft3, pre-drled 

Guarded single plate 
method 

Temperature difference 
between -300°F and various 
hot side temperatures, at 
atmospheric pressure 

A Rowley, P. B,, 
Jordan, R. C., 
Lander, R, M. 

016 400-550 Mineral wool board, 15,7 lb/ Guarded single plate 
ft- , 1 In. thick specimen method 
moisture content as received 
(mineral wool and binde" 
composition not given) 

Test chamber partially de¬ 
humidified and at atmos¬ 
pheric pressure, tempera¬ 
tures not stated 

V Spell, S. 195 3-10 Mineral wool board, inorganic Guarded single plate 
bonded; 10 lb/ft3 method Temperatures not stated 

Spell, 195 460-340 Mineral wool, organic bonded 
board; 16,7 lb/ft3; "Rock 
Cork" (Johns-Manvllle) 

Guarded single oíate 
method 

Temperatures not stated 
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Mineral Wool Fiber 

0.112 

0.006 

O.OBO 

0.064 

0.048 

O.O32 

D.016 

Apparent Thermal Conductivity 
Temperature, °Kelvin 

250 500 750 

iii®: 

5C. f- 

V 

^«d0r 

1250 

L 

0.00040^ 

.00032^ 
0 
w 

.00024¾ 
U c 
0 
u 

*0 
E 

.00016¾ 
jC 

0 
a 

.00008a 
< 

200 400 600 800 10°0 1200 1400 "Í6ÕÔ 1800 ‘ ’ 20Ò0" ’ 2200 " 2400 

Temperature, °Rankine 

Sym¬ 
bol 

Investigator 

O Howley, F. B., 
Jordan, R. c., 
lander, R. M. 

Verschoor, J. D. 

Ref. 

039 

Chow, C. 3. 

Chow, C. S. 

Johns-Manvllie 

Chow, C. S. 

Chow, C. S. 

O67 

067 

117 

O67 

O67 

Range, °R 

^19-560 

040 202-645 

250-519 

166-511 

36O-IO6O 

337 

339 

Test Sample 

Nodulated mineral wool; com¬ 
position not given; 10.0 lb/ 
ft-3; test specimen within 
1-1/2 in. thick cavity; 
moisture content as received 

Mineral wool fibers (mineral 
wool felt); 4.0-0.0 lb/ft3 
and 4.4-6.2 lb/ft3; pre-drled 

Slag wool {mineral fibers); 
12.3 lb/ft3; composition not 
specified 

Slag wool (mineral fibers); 
7.0 Ib/ft-5; composition not 
specified 

"J-M Oil-free Banroc", spun 
mineral wool fibers (organic 
oils < 0.15^) 8.5-12.0 lb/ft3, 
long fibers-(maximum density 
13-16 lb/ft3) 

Slag wool (mineral fibers); 
9.2 Ib/ftJ; composition not 
specified 

Slag wool (mineral fibers); 
8.1 lb/ftJ; composition not 
specified 

Test Method 

Guarded hot plate method 
(Twin plate) 

Guarded single plate method 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Not given 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Remarks 

Test chamber partially de¬ 
humidified at atmospheric 
pressure; temperature 
difference not given 

Temperature difference 
between -300°P and various 
hot side temperatures - low 
temperature data at atmos¬ 
pheric pressure 

Cold temperatures -l8l°C; 
conductivity calculated from 
temperatures at various 
radii; test conducted at 
atmospheric pressure 

Cold temperature: -l8l0C; 
conductivity calculated from 
temperatures at various 
radii; test conducted at 
atmospheric pressure 

Data from salea literature 
curvea, based on density of 
12 lb/ft-3 at atmospheric 
pressure 

Cold temperature: -l8l°C 
conductivity calculated from 
temperatures at various 
radii; test conducted at 
atmospheric pressure 

Cold temperaturn: -l8l°C 
conductivity calculated from 
temperatures at various 
radii; test conducted at 
atmospheric pressure 

Continued on next page 
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Mineral Wool Fiber 

Apparent Thermal Conductivity 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

P 

b. 

Chow, C. S. 

Chow, C. S. 

Chow, C. S. 

Rowley, F. B., 
Jordan, R. C., 
lender, R. K. 

Eusner, Q.R., and 
Shapland, J. T. 

Eusner, Q. R,, and 
Shapland, J, T, 

067 

067 

O67 

016 

25H 

25^ 

3^0 

342 

342 

410-584 

96O-156O 

96O-I61O 

Slag wool (mineral fibers); 
5.9 Ib/ft-J; composition not 
specified 

Slag woolimlneral fibers); 
5.0 Ib/ft^; composition not 
specified 

Slag wool (mineral fibers); 
3.7 lb/ft3; composition not 
specified 

Mineral fibers (rock wool); 
3.5 Ib/fw; specimen within 
1 in. cavity; moisture 
content as received 

Mineral wool; 20.6 lb/ft^; 
12 in. X 12 in. x 3 in. 
blocks; nearly 1005É 

Nearly 100¾ mineral wool; 
I3.I lb/ft3; 12 in.x 12 in. 
x 3 in. blocks 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Guarded hot plate method 
(Twin plate) 

Guarded single plate method 

Guarded single plate method 

Cold temperature: - l8l°C 
conductivity calculated from 
temperatures at various 
radii; test conducted at 
atmospheric pressure 

Cold temperature: -l8l°C 
conductivity calculated from 
temperatures at various 
radii; test conducted at 
atmospheric pressure 

Cold temperature: -l8l°C 
conductivity calculated from 
temperatures at various 
radii; test conducted at 
atmospheric pressure 

Fiber size not listed; test 
chamber partially dehumid¬ 
ified at atmospheric 
pressure 

Data taken from smoothed 
curve 

Data taken from smoothed 
curve 
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Molybdenum Disilidde 

28 

24 

OC 
o 

£ 

3 
CO 

3 
“O c 
o 
U 

"5 
E 

16 

Temperature, °Kelvln 
500 1500 

O 

§ 

3QJ. 

iS 
1E 

t ■ 

ï A*- 1? 

o 

f 

Thermal Conductivity 

ô 

2500 

0.10 

0.08 w 

0.06 

0.0¾ 

0 J,0° 800 1200 1Ö00 2000 2400 2800 3200 3600 4000 4400 4800 

Temperature, °Ranl(ine 

Sym 
bol 

O 

□ 

A 

V 

ù 

Investigator 

Klngery, W. D., 
and Norton, F. H. 

FVlng, C. T., and 
Baker, B. E. 

West, E. D., 
Dltmars, D. A,, 
0Innings, D. C. 

Lone, R. A. 

Evans, Jr,, J. E, 

‘leldhouse, I. B. 
and Lan.3, J. I. 

Ref. 

205 

030 

003 

202 

226 

Ronge,0 R 

540-2960 

810-1500 

1090-1910 

1110-1510 

1260-1510 

787-3705 

Test Sample 

Prepared by General Electric 
Co., A,N.P. Lab. 

Folycryatalllne: 375.65- 
379.39 lb/rt3; 62.0¾ Mo; 
36.351 SI; I.05Í 7e; 0.K 02 
(estimated) 

Polycrystalllne; (980 of 
theor.) 390 lb/ft3; 0.B7 Pe; 
0.505Í 02; 0.34(5 N2; 0.1751 C 

Polycrystalllne; 3S8 Ib/ft3; 
hot pressed at 3000 ± 500 psi 
and 2950 ± 100°? 

Not clven 

Polycrystalllne: 61.5^-63.556 
Ho, 355(-37¾ SI; hollow disk 
specimens 

Test Method 

Comparative method 

Comparative method 

Guarded rod method 
(Axial heat flow) 

Comparative method 

Comparative method 

Cylindrical envelope 
method (Radial heat flow) 

Remarks 

Conductivity Is lowed 2?! 
for each 156 reduction In 
density; author accuracy 
±555 

Author accuracy ± 45Í 
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Molybdenum Disilicide 

Linear Thermal Expansion 

c a» 

c 
a 
a 
X 

o 
E 

o 
• c 

12 

Temperature, ° Kelvin 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

a 

A 

V 

Long, R. A. 

Mauer, F. A., and 
Bolz, L. H. 

Mauer, F, A., and 
Bolz, L. H. 

Fleldhouae, I. Be, 
and Lang, J. I. 

201 

163 
and 
168 

226 

530-3190 

5^0-2530 

870-2530 

5^0-3156 

Polycrystalline; MoSlol 
388 Ib/ftS; hot pressed at 
3000 ± 500 psl and 2950 ± 
100°P 

Polycrystalllne; Most- : 0.01 
-0.1^ ea. Al, Pe; 0.001-0.01^ 
ea. Ca, Cr, Cu, Kg. Hn, Nl; 
0.001-0.OOlfS B; 36.2ÿ total 
SI; sintered at 1100ÖC 

Polycrystalllne; Mo,Sl 
prepared from 99.7^Jpure SI 
and 99.95? pure Mo; sintered 
2 hr. at 1200°C In vacuum 

Polycrystalllne; 6l.5-63.558 
Mo» 35-379 31; rod specimens 
with two recryetalllzed 
alumina pins mounted at gage 
length pointa 

Dilatometer method 

X-ray diffraction method 

X-ray diffraction method 

Telemicroacope method 

i 

-1 
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Molybdenum Disilicide 

Specific Heat 
Temperature, ° Kelvin 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

A 

V 

Douglas, T. B., 
and Logan, W. M. 

Walker, B. E., 
Grand, J. A., 
Miller, R. R. 

Ewing, C. T., and 
Baker, B. E. 

Fleldhouae, I, B., 
and Lang, J. I. 

203 
and 
204 

206 

030 

226 

590-2160 

590-2020 

700-2060 

900-2060 

Polycryatalline; MoSla: 
O.M Fej 0.50SÍ 0,; O.Jili No¡ 
0.17^ c ¿ 

Polycryatalline; 97.¾ MoSlo; 
1.¾ Fe203 ^ 

Polycryatalline; 371 lb/ft3; 
97,¾ MoSlo; FeoOo ; 
0.89% SlOg excess silicon) 

Polycryatalline; 61.5-63.5)( 
Mo, 35-3¾ SI; cylindrical 
specimen 

Drop method (Mixtures) 

Drop method (Mixtures) 

Drop method (Mixtures) 

Drop method (Mixturee) 

Authora estimated accuracy 
of heat content data, et 
between 100 and 800°0 

Average scatter of heat 
content data t 1)( 
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;........ WPWJI 

Multiple Layers 

Apparent Thermal Conductivity 

Temperature, °Kelvin 

Í* 

rj 

ï. 
,* 

*2i 

:¡ 
Sym¬ 
bol 

Investigator Ref. Range, ° R Test Sample Test Method Remarks 

0 Linde Company 108 80-1500 Multiple layer; 2.5 lb/ft3, 
"SI-12" (Linde Company) 

Cylindrical envelope 
method (Radial heat flow) 

Data points calculated from 
nomograph of apparent con¬ 
ductivity versus cold temp¬ 
eratures for various hot 
side temperatures; pressure 
1CT4 mm. Hg 

•n m 
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0.14 

0.12 

o 

«C 0.10 

0.08 

o.o6 

0.04 

0.02 

250 

Temperature, °Kelvin 

0 200 400 

Multiple Layers 

Thermal Conductivity 

r~ 

. T 
— isr 

i r 
r 

r 1 

C 

”2 r 
1 T A 

9 l 
r 1 

À 1 
600 800 

0.0005 

E 
0.0004« 

y 
« 
iA 
\ 
O 

.00035^ 
> 
Z 
D 

“D 
C 
O 

.000?^ 
"d 
E 

0.0001 

1000 1200 1400 

Temperature, 0Rankine 
1600 1800 2000 2200 2400 

Sym¬ 
bol 

Investigator 

aiaser, F. E., 
Wechsler, A. E., 
et al. 

Ref. Range, ° R Test Sample Test Method Remarks 

259 800-2110 Three tantalum shields and 
graphite fibers; total Insul¬ 
ation thickness Including 
shields was 0.625 In.; tanta¬ 
lum shields were between 
0.0C5 and 0.020 In. thick 

Cylindrical envelope method 
(Radial heat flow) 

Cold wall was 110-130°P; 
author accuracy +$% below 
2000 °P and +loj» at higher 
temperatures’ 

□ Qlaser, P. E., 
Wechsler, A. E., 
et al. 

A Qlaser, ?. E., 
Wechsler, A. E, 
et al. 

259 910-1995 

259 900-2120 

Pour tantalum shields and 
graphite fibers; total Insul¬ 
ation thickness Including 
shields was 0.625 In.; tanta¬ 
lum shields were between 
0.005 and 0.020 In. thick 

Six tantalum shields (0.002 
In.); graphite fiber (0.625 
In.); 4.3 lb/ft3 

Cylindrical envelope method 
(Radial heat flow) 

Cylindrical envelope method 
(Radial heat flow) 

Cold wall was 110-130°?; 
author accuracy below 
2000 °P and +105É at higher 
temperatures' 

Cold surface temp. 110-130°?; 
author accuracy +5# below 
2000°? and +1056 at higher 
temperatureF 
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Multiple Layers 

Apparent Thermal Conductivity 

Pressure, mm Hg 

0.00001 0.0001 0.001 0.01 0.1 1 10 100 1000 

Pressure, mm Hg 

X 
O 

E 
W 

s 

I 
! 
“0 

E 
« 

*> c 
0 k. 

ä 
a 
< 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample 

O Christianeen, 
R. M.f Holllnga- 
worth, Jr., M,# 
Marsh, Jr., H.N. 

Ill Multiple layer; 4 Ib/ft^, 
42 layers/in, specimen flat 
12 In. square spacer glass 
fiber, reflectorsalunlnum 
foil; "Fiberglas Cryogenic 
Insulation" (Owens-Corning 
Fiberglas Corporation) 

Test Method Remarks 

Guarded hot plate method 
(Twin plate) 

Temperature: -315°F to 85°F, 
emlsslvlty of walls > 0.9 

□ Riede, P. M., and 
Wang, D. I-J. 

020 

¿V Linde Company lC8 330 

Multiple layer composite of 
oubmlcron glass rib^r paper _ 
and aluminum foil; 4.7 lb/ft^, 
"SI-4" (l.lnde Company) 

Not given 

Multiple layer; 2.5 
"81-12" (Linde Company) 

Cylindrical envelope 
method (Radial heat flow) 

V Linde Company 108 85 Multiple layer; 2.5 lb/ft3, 
"SI-12" (Linde Company) 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: -297 to 80°F 

Temperature: -330 to 70°P, 
gas within Insulation not 
stated at various pressures 

Temperature: -420 to -330°F, 
gas within Insulation not 
stated at various pressures 

Linde Company Job 330 Multiple layer; 6.1 Ib/ft^ 
"SI-62" (Linde Company) 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: -330 to 70°F, 
gas within insulation not 
stated at various pressures 

o Linde Company 108 P3 Multiple layer; 6.1 lb/ft3, 
"SI-62" (Linde Company) 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: -420 to -330°F, 
gas within Insulation not 
stated at various pressures 

Û Black, I. A., and 
Glaser, P. E. 

119 335 Multiple layer; density and 
number of layers not given; 
spacers: 0.000 In. Dexter 
paper, reflectors 0.00025 In, 
aluminum foil; specimen 1 In, 
thick 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: -320 to 70°F; 
thermal conductivity of 
small samples approximately 
2552 less than that for large 
samples 
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Apparent Thermal Conductivity 
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•c 

1 1 

1 i 
< 0 

in Ib/ft in in °R °R mm Hg Btu/hr ft °R 

O 

a 

A 

V 

û 

0 

& 

A 

D 

D 

0 

7.5 

7.5 

7.5 

7.5 

3.8 

5.6 

6.9 

6.9 

55/ 
in 

55/ 
in 

47/ 
in 

47/ 
in 

65/ 
in 

56/ 
in 

106/ 
in 

53/ 
in 

80/ 
in 

29/ 
in 

29/ 
In 

Aluminum foil . 

Aluminum foil 

Aluminum foil 

Aluminum foil 

Aluminized "Mylar" 

Aluminized "Mylar" 

Aluminized "Mylar" 

Aluminum foil 

Aluminum foil 

Aluminum foil 

Aluminum foil 

Aluminum foil 

)0023 

)0023 

.0005 

,0005 

.0005 

0005 

0005 

0005 

Glass paper, B fiber 

Glass paner, B fiber 

Dexter paper 

Dexter paper 

Glass paper, B fiber 

Glass fiber paper 

Perlite 

Asbestos paper 

Glass fiber paper 

Nylon net, 925¾ voids 

Polystyrene bonded "Fiberglas" , 
mat 

Polystyrene bonded "Fiberglas" 
mat 

.008 

.008 

.0048 

.0048 

.008 

.0065 

50070 

50070 

137 

36 

137 

36 

137 

140 

140 

140 

140 

137 

137 

36 

540 

540 

540 

540 

540 

525 

525 

525 

525 

540 

540 

540 

10-5 

10-5 

10-5 

IO'5 

10-5 

4 * IO-5 

« X IO-5 

4 X 10"5 

4 X 10"5 

10” 5 

10"5 

10"5 

.000035 

.000023 

.OOOO3O 

.000024 

.000186 

.000088 

.000043 

.000103 

.000040 

.000132 

.000041 

.000030 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Kropschot, R. H. 

□ 

A 

V 

Ô 

Û 

b 

A 
D 

D 

Ü 

Kropachot, R. H. 

Kropachot, R. H. 

Kropachot, R. H. 

Kropachot, R. H. 

Stoy, S. T. 

Stoy, S. T. 

Stoy, S. T. 

Stoy, S. T. 

Kropachot, R. H. 

Kropachot, R. R. 

Kropachot, R. H. 

069 

069 

069 

069 

O69 

121 

121 

121 

121 

O69 

O69 

O69 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Not given 

Not given 

Not given 

Not given 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical en/elope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

(Dexter Paper Company) 

(Dexter Paper Company) 

(Dexter Paper Company) 

(Dexter Paper Company) 

Spacer (Dexter Paper Com¬ 
pany) Reflector (Owena-Com- 
Ing Fiberglas Corporation) 

(Owens-Coming Fiberglas 
Corporation) 

(Owens-Coming Fiberglas 
Corporation) 

(Owens-Coming Fiberglas 
Corporation) 
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Multiple Layers 

Apparent Thermal Conductivity 
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in ib/h in in °R °R mm Hg Btu/hr ft °R 

N 

O 

0 

q 

V 

2.5 

2.0 

4.7 

5.5 

7.5 

15/ 
in 

22/ 
in 

52/ 
in 

75/ 
in 

112/ 
in 

Aluminum foil . 

Aluminum foil . 

Aluminum foil . 

Aluminum foil 

Aluminum foil .( 

0005 

0005 

0005 

0005 

0023 

Glass fiber mat 

Glass fiber mat 

Glass fiber mat 

Glass fiber paper 

Glass fiber paper 

36 

36 

36 

36 

36 

530 

530 

530 

530 

530 

760 

760 

760 

760 

760 

.OOOO9O 

.OOOO65 

.000020 

.000018 

.000010 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

d 

0 

o 

V 

Linde Company 

Linde Company 

Linde Company 

Linde Company 

Linde Company 

260 

260 

260 

260 

260 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Not given 

Not given 

Not given 

Not given 

Not given 

Sales literature 

Sales literature 

Sales literature 

Sales literature 

Sales literature 
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0.24 
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Multiple Layers 

Specific Heat 
Temperature, "Kelvin 

500 750 

200 IlOO 
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0 
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X 
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0.08 

0.04 

600 800 1S00 1400 1500 1300 2000 2200 2400 

Temperature, "Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

o 

o 

Linde Company 

Llr.de Company 

106 

108 

30-^50 

30-550 

Multiple layer; 2.5 Ib/ft", 
"31-12" (Linde Company) 

Multiple layer; 6.1 lb/ft^, 
"31-62" (Linde Company) 

Not given 

Not given 
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250 

Temperature, °Kelvin 

'500 750 

Nickel Monoxide 

Thermal Conductivity 

t r— 

Ö r 
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< ) □ 
j 3 

3 
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u 
u c 

•0.04 

0.05 

o 

E 

0.03 

3 
“O 

0.02 

o 
VJ 

0.01 

200 400 600 800 1000 1200 li|00 

Temperature, °Rankine 
1600 1800 2000 2P0C 24;0 

1 

Sym- 
bol 

Investigator Ref. Range, °R Test Sample 

O Klngery, W. D., 
Prancl, J., Coble, 
R. L., VaBllos, T. 

062 671-2291 Polycrystalline; 315 Ib/ft^ 
25.7% porosity; prepared by 
calcining commercially pure 
N10 at 1000*C, pressing and 
firing 

Test Method 

Comparative method 

Remarks 

□ Francis, R. K., 
Brown, R., 
McNamara, E. P., 
Tlnklepaugh, J. R. 

084 840-1643 Polycryatalllne; 374 Ib/ft^ 
sintered from commercially 
pure nlckelous oxide powder, 
calcined, fired at 1500°C 

Comparative method 
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f«*ti 
f.; 
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Nickel Monoxide 

Linear Thermal Expansion 
Temperature, °Kelv¡n 

200 400 000 300 1000 1200 1400 luOO 1300 2000 22000 2400 

Temperature, “Rankme 

... j 

s 

i 
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I 
♦ 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Foex, M. 099 210-1210 Not Riven Dilatometer method Nitrogen atmosphere 
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0.28 

0.24 

0.20 

DO 
CD 

.16 

0.12 
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0.08 

0.04 
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tr 
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Temperature, 0 Kelvin 

500 750 

Nickel Monoxide 

Specific Heat 

1000 

200 1100 600 

1250 
0.28 

0.24 

0.20 

0.16 

0.08 

0.04 

800 1000 1200 1400 1600 1800 2000 2200 2400 

Temperature, °Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O
 

□
 

King, E. G. 

Seitz, H,, 
DeWitt, B. J., 
McDonald, H. J. 

100 

101 

100-540 

140-540 

99.9*# Pure; Prepared from 
reagent grade hexahydrates of 
nickelous nitrate and 
nlckelous sulfate 

99.3*# Pure; transparent 
cubic crystals 

Guarded sample method 

Guarded sample method 
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Niobium Beryllide 

Thermal Conductivity 
Temperature, °Kelvin 

Sym¬ 
bol 

investigator Rei. Ronge, °R Test Sample Test Method Remarks 

O Ewing, C. T., 
Walker, Jr., B.E., 
Spann, J. R., et 
al. 

253 1032-2292 100* NbBe12; 170 lb/ft3; J.625 
In. dia. X 1.0 In. long 

Comparative method Author accuracy +U-6$j 
average deviation <1.0jt 

« 
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Niobium Beryllide 

Specific Heat 
Température, “Kelvin 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

0 Walker, Jr., B.E., 
Boling, C, T., 
Miller, R. R. 

2^9 5'i6-1932 Nloblum-beryllldej hot preaaed Drop method (Mixtures) Author accuracy +35É 
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Nylon Fiber 

Apparent Thermal Conductivity 

0.07 

, 0.06 

O.05 

0.04 

0.03 

50 

Temperature, °Kelvin 

100 150 200 250 
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T 

_ r- - 

< t— 

n 

c r 
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% 
__L _L _L 

0.00020 

0.00015 

0.00010 

0.00005 

Temperature, °Ranlcine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

0 Berman, K., 
Foster, E. L., 
Rosenberg, H. K. 

013 3-36 A drawn monofilament 2 mm, 
in diameter supplied by 
Imperial Chemical Industries 
Ltd. 

Not given 
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Perlite Board 

Apparent Thermal Conductivity 
Temperature, “Kelvin 

Sym 
bol 

O 

Û 

Investigator 

Spell, S. 

Spell, S. 

Spell, S. 

Spell, S, 

Spell, 

Eusner, 0. R., 
and Shapland, J.T, 

Rel. 

195 

195 

195 

195 

195 

25^ 

Range, °R 

340 

340 

340 

340 

340 

860-1610 

Test Sample 

Expanded perlite, board: 
8.5 lb/ft^ 

Expanded_perllte, board: 
10 lb/ft3 

D:panded_perllte, board: 
12 lb/rt3 

Expanded perlite, board; 
11 lb/rt3; "Fescc Board" 
( Joh.ns-Manvllle) 

Expanded perlite, board; 
11,9 lb/i’t3; "Flbrocel" 
( Joh.ns-Manvllle) 

Perlite board; M Ib/ft-^; 
12 ln. X 12 In. x 13 In. 
blocks 

Test Method Remarks 

Guarded slncle plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Temperatures not stated 

Temperatures not stated 

Temperatures not stated 

Temperatures not stated 

Temperatures not stated 

Data taken from smoothed 
curve 
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Perlite Granules 

Apparent Thermal Conductivity 
Temperature, "Kelvin 

0 125 250 .375 500 625 

Temperature, "Rankine 

r 

r- 

« 

►*. 

P 

Sym¬ 
bol 

Investigator Ref. Ronge, °R Test Sample Test Method Remarks 

□
 

O
 

Hickman, M. J., 
and Ratcliffe, 
E. H. 

Johns-Manvllle 

OU 

117 

275-510 

I6O-56O 

Expanded perlite, 3.0 
11.8 in. X 11.8 in. x 1.38 
in. x 1.97 in. 

Expanded perlite powder; 
3 Ib/ft-3; "J-M Perlox" 
(Johns-Manville) 

Guarded hot plate method 
(Twin plate) 

Not given 

Temperature difference 
from room temperature and 
-310°F, -103°P and 32°F 

Data pointa from curve in 
sales literature 

— 

4 
162 

A
pp

ar
en

t 
T

he
rm

al
 C

on
du

ct
iv

ity
, 

ca
l/

se
c 



A
p

p
a

re
n

t 
T

h
e

rm
a

l 
C

o
n

d
u

c
ti
v
it
y
, 

B
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0.0014 

oc 
O 
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0.0012 

0.0010 

0.0008 

0.0006 

0.0004 

0.0002 

Perlite Granules 

Apparent Thermal Conductivity 

50 

Temperature, °Kelvin 

100 150 200 250 

t 

c 

¿ 
“t I— 

— 

a 

0.000005* 

o.ooooali 

0.000003 

0.000002 

0.000001 

Temperature, °Rankine 

Sym 
bol 

Investigator Ref. Range,0 R Test Sample Test Method Remarks 

û 

Pulk, M. M., 
Devereux, R. J., 
Schrodt, J. E. 

Pulk, M. M., 
Devereux, R. J., 
Schrodt, J. E. 

Pulk, M. M., 
Devereux, R. J., 
Schrodt, J. E. 

Pulk, N. M., 
Devereux, R. J., 
Schrodt, J. E. 

Riede, P. M., and 
Wang, D. I-J. 

Kropschot, R. H. 

126 

126 

126 

126 

Ogi 

069 

86 

338 

338 

338 

351 

72-338 

Perlite, granular, 8,7 lb/ft3; 

Perlite, powder; density not 
given, ♦ao# aluminum (-80 
mesh) 

Perlite, powder: density not 
given; (30 mesh) +15^ 
aluminum 

Perlite, powder; density not 
given, (30 mesh) 4-30^ 
aluminum 

Perlite, granular; 8,0 lb/ft^ 

Perlite, expanded (granular); 
bulk density and granular g article size <30 mesh; 
.7 lb/ft3 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Not given 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: 300°K to 76#K, 
specimen 1 in. thick, wall 
emissivity> 0.Ö, pressure 
< 10“-5 mm, Hg 

Temperature: 300°K to 76*K, 
specimen 1 in. thick, wall 
emissivity >0.8, pressure 
<10-5 mm. Hg 

Temperature: 300°K to 76*K, 
specimen 1 in. thick, wall 
emissivity>0.8, pressure 
< 10-5 mm. Hg 

Temperatu-e: 300°K to 76*K, 
specimen 1 in. thick, wall 
emissivity> 0.8, pressure 
< 10-5 rum. Hg 

Temperature: 8o°? to -2970P; 
tested at low pressure, de¬ 
gree of vacuum not specified 

Pressure ! CIO"'3 mm. Hg 
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Perlite Granules 

Apparent Thermal Conductivity 

0.00001 

0.1(= 
0.0001 0.001 

Pressure, mm Hg 

0.01 0.1 1 100 1000 

0.01 

V t] 

0.00] 

SI 10 

.0001 

0.00001 

0.1 

0.00001 0.0001 0.00] 0.01 0.1 1 

Pressure, mm Hg 
loo icon 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

Kropschot, R. H. 

Kropschot, R. H. 

Kropschot, R. H. 

Kropschot, R. H. 

Kropschot, R. H. 

Black, I. A., 
Fowle, A. A., 
Qlaser, P. E. 

Kropschot, R. H. 

Kropschot, R. H. 

069 

069 

0b9 

069 

O69 

019 

O69 

338 

338 

338 

338 

338 

330 

338 

338 

Perlite; expanded (granular) 
8.7 lb/ft3; mesh size <80 

Perlite; expanded (granular) 
8.7 lb/ft3; mesh size <80 

Perlite; expanded (granular); 
0.14 Ib/W; mesh size <80 

Perlite; expanded (granular); 
0.14 lb/ft3i mesh size <80 

Perlite; expanded (granular) 
0.14 lb/i‘t3; mesh size <30 

Commercial grade "perlite" 
(granular); 10 lb/ft3; 
speclment thickness, 1/2 In. 

Perlite; expanded (granular); 
3.7 lb/ft3; npcclmen >30 
mesh 

Perlite; expanded (granular); 
'.0 lb/rt3; specimen >30 

mesh 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flovj) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Guarded hot plate method 
(Twin plate) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: 540° to 137*R 

Temperature: 540° to 137°R 

Temperature: 540® to 137°R 

Temperature: 540° to 137®R 

Temperature: 540° to 137®R 

Temperature difference: 
140-520°R; emiaslvltles 
of plate, 0.86 

Test temperature: 540° to 
137 °R 

Test temperature: 540“ to 
137 °H 
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Perlite Granules 

Apparent Thermal Conductivity 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

D 

D 

17 

G 

a 

a 

Kropschot, R. H. 

Kropschot, R. H. 

Kropochot, R. H. 

Kropschot, R. H. 

Kropschot, R, H. 

Kropschot, R. H. 

Kropschot, R. H, 

Pulk, M. M. 

Christiansen, R,M. 
Hollingsworth, Jr. 
M., Marsh, Jr.,H.N 

Johns-Manvllle 

Johns-Manvlllc 

Fulk, M. K., 
Devereux, H. J., 
iîchrodt, J. Ü, 

069 

069 

069 

069 

069 

069 

069 

105 

111 

157 

157 

126 

338 

338 

338 

338 

338 

338 

338 

3½ 

345 

338 

333 

338 

6?01íb/í,t 
mesh 

e; expanded (granular) 
/ft3; specimen >30 

Perlite. 
6.0 Ib/ft 
mesh 

j expanded (granular' 
ft-^j specimen >30 

Perlite; expanded (granular] 
6,0 lb/ft3; specimen >30 

Perlite; expanded (granular) 
8,0 lb/rt3; specimen 
< 30 >00 

Perlite; expanded (granular) 
8,0 Ib/ft-3; specimen 
<30 >80 

; Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelooe 
method (Radial heat flow) 

Perlite; expanded (granular); 
3,0 lb/ft3; specimen 
<30 >0o 

Perlite; expanded (granular); 
8.0 lb/ft3; specimen 
<30 >80 

Perlite; granular; 0.7 Ib/ft^ 
particle size 30 mesh 

Perlite, granular, P7F grade, 
5.9 lb/ft3; specimen, flat 
cavity 12 in. square 

Perlite, powder, 12 lb/ft^; 
sample pre-dried 

Perlite, powder, 6 lb/ft^; 
sample pre-dried 

Perlite, granular, 8.7 Ib/ft 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Guarded hot plate method 
(Twin plate) 

Not given 

Not given 

Cylindrical envelope 
method (Radial heat flow) 

Test temperature: 5^0* to 
137 *R 

Test temperature: 540° to 
137*R 

Test temperature: S^O* to 
137 #R 

Test temperature: 540* to 
137°R 

Test temperature: 5^0* to 
137 °R 

Test temperature: 540* to 
137°R 

Test temperature: 5^0° to 
137#R 

Test temperature: 547* to 
137*R, specimen 1 In. 
thick, walls emisslvlty 
> 0.8 

Temperature: 85* to -315*F» 
emisslvlty of wall > 0.9 

Temperature: 540* to 135#R» 
emisslvlty of walls 0.86 

Temperature: 540° to 135*H» 
emisslvlty of walls 0.86 

Temperature: 300° to 76°K; 
specimen 1 in. thick, wail 
emisslvlty >0.8; pressure 
< 10“o mm. Hg 



Phenolic Granules 

Apparent Thermal Conductivity 

Pressure, mm Hg 

* 
o 

E 
U 

z 
3 

TJ 
C 
o 
u 

“5 
E 

c 
0) 
h. 
0 
a 
a 
< 

•#7111- 

bol 
Investigator 

O Pulk, M. li., 
Devereux, R, J. 
3chrodt, J. R, 

□ Corrucclni, R, 

Ref. Range, °R Test Sample 

126 333 Phenolic spheres, granular; 
12 Ib/ft-3; particle size 
25-100 microns 

Test Method 

Cylindrical envelope 
method (Radial heat flow) 

Remarks 

Temperature: 5*»0* to 137*R, 
specimen 1 in. thick, wall 
emlsslvlty >0.8, nitrogen 
gas 

J. ion 333 Phenolic spheres, granular: 
12 Ib/ft-J; particle size 
25-100 microns 

Cylindrical envelope 
method (Radial heat Plow) 

Temperature: 5^0° to 137°R, 
specimen test pressure 

<10”5 mm> Hg 
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Phenolic, Reinforced 

Apparent Thermal Conductivity 
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Temperature, °Kelvin 
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Temperrture, °Rankine 
800 900 uoo 

0 
1200 

Sym¬ 
bol 

V 

Investigator 

Spell, S. 

Spell, S. 

Gray, V. H., 
Gelder, T. F., 
Cochran, H.P., 
Goodykoontz, J. H. 

Hawuka, A. C. 

Rawuka, A. C. 

Ref. 

195 

195 

093 

091 

091 

Rang«, °R 

390 

390 

162-318 

540-900 

555-1125 

Test Sample 

Solid nylon reinforced 
">3 * - phenolic, 76 lb/ft3 

Manvllle) 
(Johns- 

Solld asbeatOB reinforced 
pnenollc, 105 Ib/ft^, 
^ARP-JiO" (Johne-Manvllle ) 

Phenolic laminate, glas 
cloth 131; 115 lb/ft3, 
specimen 1/2 In. thick; 
"Pyrogrey AC-3" resin 
(Cordo Chemical Co.) 

Nylon-phenolic laminate 

Glass fiber reinforced 
phenolic 

Test Method 

Ouardeu single plate 
method 

Guarded single plate 
method 

Cylindrical envelope 
method (Radial heat flow) 

Unguarded hot plate method 

Unguarded hot plate method 

Remarks 

Temperatures: -320* to 80°F 
(probable), at atmospheric 
pressure 

Temperatures: -320* to 80°F 
(probable), at atmospheric 
pressure 

Cold temperature: -321*P; 
ablation characteristics of 
insulation given in refer¬ 
ence; errors In data less 
than 12%, air at 1 atmos¬ 
phere 
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Polyethylene 

Thermal Conductivity 
Temperature, “Kelvin 

0 25° 500 750 1000 1250 

Temperature, “Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

Eiermann, K. 

Eiermann, K. 

241 

241 

163-654 

168-654 

Polyethylene} low pressure 

Polyethylene; high pressure 

Unguarded hot plate method 

Unguarded hot plate method 

Author accuracy +4# 

Author accuracy +4# 

► 

■ 

» 

» 
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Polystyrene Board 

Apparent Thermal Conductivity 
Temperature, sKelvin 

0 125 250 375 500 625 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 
O Hager, Jr., N. E, 007 139-534 Polystyrene boara, 64.4 lb/ 

ft, lA in. thick specimen 
Guarded hot plate method 
(Twin plate) 

Variation of temperature 
across specimen approximate^ 
4P, maximum expected error 
3# 
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Polystyrene Fiber 

Apparent Thermal Conductivity 

0.00001 0,0001 0.001 0.01 

re, mm ng 

o.i 10 1000 

X 
0 

S 
s 

. 
:>«o 

12 
1 X 
0 ___ 
u 

"õ 
E I 

a 
a 
a 
< 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Powers, R. W,, 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B, 

035 196 Polystyrene fiberj 2.8l lb/ 
ft-3; sample In nitrogen 
atmosphere; "Dow Polyfiber" 
(Dow Chemical Company) 

Spherical envelope method Temperatures l40#to 78°K 

□ Powers, H. W,, 
Johnston, H. L., 
Hansen, R. H, 
Ziegler, J. B. 

035 01 Polystyrene fiber; 2.18 lb/ 
ft3; samóle in hydrogen gas 
"Dow Polyfiber" (Dow Chemical 
Company) 

Spherical envelope method Temperature: 704,to 20°K 

A Powers, R. W., 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

035 198 Polystyrene fiber; 2.18 lb/ 
ft3. sample in hydrogen gas 
"Dow Polyfiber" (Dow Chemical 
Company ) 

Spherical envelope method Temperature: l40r to 80°K 
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Polystyrene Foam 

Apparent Thermal Conductivity 

0.028 
125 

Temperature, °Kelvin 

250 375 500 625 

0.024 

■ 0.020 

.> 0, 

t; 
3 
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OI6 
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u 
— 0. 
0 
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■s 0.006 

0 
a 
a 
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0.004 

D - t> 
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û 
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1 0 
n A 

A [> 
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n 
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ft H z 

a 
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4 

.00010* 
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.00008' 
0 
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.00006 3 
-U 
c 
0 
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0 
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.OOOOli g¡ 
X 

0 
a 

.0000? a. 
< 

100 200 300 400 500 600 700 600 

Temperature, °Rankine 
900 1000 1100 1200 

Sym¬ 
bol 

O 

V 

Û 

Û 

Ù 

Investigator 

Hickman, M. J., 
and Ratcllffe, 
E. H. 

Verschoor, J. D. 

Vorschoor, J. D. 

Kropachot, R. H. 

Kropschot, R, H. 

Kropachot, H. H. 

Johna-Itenvllle 

Haaklna, J. F., 
and Hertz, J. 

Ref. 

014 

040 

O69 

O69 

069 

117 

123 

Range, °R 

335-510 

212-262 

22-3-230 

338 

333 

86.5 

440-560 

156-515 

Test Sample 

Polystyrene foam (cellular 
polystyrene); 2.0 lb/ft3; 
specimen dimensions: 30 cm. 
X 30 cm. X 3.5 cm to 5 9 cm. 
thick 

Polystyrene foam (expanded 
polystyrene board - flame- 
proofed); 1,3 lb/ftd 

Polystyrene foam (expanded 
---1.5 lb/ polystyrene board); 

ft3; pre-drled 

Polystyrene foam; 2.4 lb/ft^; 
"Styrofoam" (Dow Chemical 
Company) 

Polystyrene Team; 2.9 Ib/ft-^; 
"Styrofoam" (Dow Chemical 
Company) 

Polystyrene foam; 2.9 Ib/ft^; 
"Styrofoam" (Dow Chemical 
Company) 

Polystyrene foam; block; 
10 lb/ft3; "J-Foam" (Johns- 
Manville) 

"Styrofoam 33" (Dow Chemical 
Company); density not given 

Test Method 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Not given 

Guarded hot plate method 
(Twin plate) 

Remarks 

Hot face temperature: 68°F 

Temperature difference 
between -300°F and various 
hot side temperatures, 
atmospheric pressure 

Temperature difference 
between -300°F and various 
hot side temperatures, 
atmospheric pressure 

Temperature: 540-137°R; 
atmospheric pressure 

Temperature: 540-137°n; 
atmospheric pressure 

Temperature:r137-36°R; 
pressure 10“^ mm. Hg 

Data from manufacturer's 
sales literature 

Material aged at room temper¬ 
ature for 1-3 months before 
test; test at atmospheric 
pressure 
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Polystyrene Foam 

Apparent Thermal Conductivity 

Sym- 
bol 

D 

D 

Investigator 

Haskins, J. F,, 
and Hertz, J. 

Waite, H. J. 

Spell, S. 

Ref. 

123 

125 

195 

Range, °R 

60-518 

210-560 

340 

Test Sample 

"Styrofoam 22" (Dow Chemical 
Company)' density not given 

Polystyrene foam; 1.78 Ib/ft 
"Styrofoam" (Dow Chemical 
Company) 

Polystyrene foam; 1.2 lb/ft3 
"J-Foam" (Johns-Manville) 

Test Method 

Guarded hot plate method 
(Twin plate) 

Mot given 

Guarded 
method 

ilnijle plate 

Remarks 

Material aged at room temp¬ 
erature for 1-3 months 
before test; test at 
atmospheric pressure 

Data points from curve in 
general information report 

Temperature; -320°? to 80° 
(probable), atmospheric 
pressure 
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Polystyrene Foam 

Apparent Thermal Conductivity 

Pressure, mm Hg 

0.00001 0.0001 0.001 0.01 

O.lcrr 
0.1 100 1000 

0.01 

3.001 

.0001 

0.1 

0.00001 0.0001 0.001 0.01 0.1 

Pressure, mm Hg 
10 100 1000 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Powers, R. W., 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

035 234 Polystyrene foam, cellular 
styrofoam In hydrogen; 1.6l 
lb/ft3 (Dow Chemical Company) 

Sperlcal envelope method Temperature: 365 to 1^2°R 
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Polystyrene Granules 

Apparent Thermal Conductivity 

Pressure, mm Hg 
0.00001 0.0001 0.001 0.01 0.1 1 10 

K 
0 

E 
U 

Sym¬ 
bol 

□ 

Investigator 

Powers, R. W., 
Johnston, H. L., 
Hansen, R. Ht. 
Ziegler, J. B. 

Powers, R, W., 
Johnston, H. L,, 
Hansen, R. H. , 
Ziegler, J. B. 

Powers, R. W,, 
Johnston, H. L., 
Hansen, H. H. , 
Zîegler, J. B, 

Powers, K. W., 
Johnston, H. I.., 
Hansen, R. H. , 
Ziegler, B, 

Powers, R, W,, 
Johnston, H. L,, 
Hansen, R. H. , 
Ziegler, .1. R. 

Powers, R, W, 
Johnston, H. L,, 
Hansen, R. H. , 
Ziegler, H. 

Ref. 

035 

035 

035 

035 

035 

035 

Range, °R 

196 

196 

81 

Test Sample 

Polystyrene powderj packing 
density: 1.9^-3.65 Ib/Pt^j 
finely ground "Styrofoam" 
(Dot; Chemical Company) 

Polystyrene powder, packing 
density: 1.94-3.6:3 lb/ft3; 
finely ground "Styrofoam" 
(Dow Chemical Company) 

Polystyrene powder, packing 
density: 1.9^-3.65 Ib/ft’; 
finely ground "Styrofoam" 
(Dow Chemical Company) 

Polystyrene-granular 
(colloidal aggregate); pack¬ 
ing density: 17.o lb/ft3 
(Dow Chemical Company) 

Polystyrene-granular 
(colloidal aggregate); pack¬ 
ing density: 17.w Ib/ft’ 
(Dow Chemical Company) 

Polystyrene-granular 
(colloidal aggregate); pack¬ 
ing density: 17.6 lb/ft3 
(Dot; Chemical Company) 

Test Method 

Spherical envelope method 

Spherical envelope method 

Spherical envelope method 

Spherical envelope method 

Spherical envelope method 

Spherical envelope method 

Remarks 

Temperature: 126* to 36*R 

Temperature: 252* to UO^R 

Temperature: 252* to 1^*0°R 

Temperature: 126* to 36*R 

Temperature: 252° tc 140°R 

Temperature: 252* to 140’R 
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Polyurethane Foam 

Apparent Thermal Conductivity 
Temperature, °Kelvin 

Sym¬ 
bol 

Investigator 

Reichel, R, c. 

Ref. 

098 

Range, °R 

578-206 

Test Sample 

Polyurethane Foan, sprayed, 
8,6 lb/ft3; "Selectrofoam 
600ÍI-6005" 

Test Method 

Cylindrical envelope 
method (Radial heat flow) 

Remarks 

Cold temperature ï -320'P 
sealed, atmospheric 
pressure 

D Reichel, R. c. 098 602-lUl Polyurethane Foam, bat :h 
mixed; 5.0 Ib/ft3; "Selec¬ 
trofoam 600^-6005" 

Cylindrical envelope 
method (Radial heat flow) 

Cold temperature: -320*P 
sealed, atmospheric 
pressure 

A Haskins, J. F,, 
and Hertz, J. 123 80-367 Stafoam AA-I602 ; 2.0 Ib/ft^; Guarded hot plate method 

freon blown polyester based (Twin plate) 
(American Latex Corporation) 

Material aged at room 
temperature for I-3 months 
before test; test at 
atmospheric pressure 

V Haskins, J, F,, 
and Hertz, J, 

123 156-528 "Stafoam AA-402"; 2.0 lb/ft3; 
freon blown polyester based 
(American Latex Corporation) 

Guarded hot plate method 
(Twin plate) 

Material aged at room tem¬ 
perature for 1-3 months 
before test; test at at¬ 
mospheric pressure 

Haskins, J. F., 
and Hertz, J, 

123 156-552 "Polycel-44o"¿ 4.0 Ib/rt^; 
freon blown polyester baaed 
(Polytron Corporation) 

/ma!ded hot Plate method 
(Twin plate) Material aged at room tem¬ 

perature for 1-3 months 
before test; test at at- 
mospheric pressure 

o Haskins, J, F,, 
and Hertz, J. 123 100-510 "Stafoam AA-Sioa”; density 

not given; freon blown 
polyester baaed (American 
Latex Corporation) 

Guarded hot plate method 
(Twin plate) 

Material aged at room tem¬ 
perature for 1-3 months 
before test; test at at¬ 
mospheric pressure 

Û Haskins, 
and Hertz 

J. F., 
J. 123 166-474 ApC0-l4l4,,j density not 

given; freon blown polyester 
based (Applied Plastics Dlv., 
Hexcel Products, Inc.) 

Guarded hot plate method 
(Twin plate) Material aged at room tem¬ 

perature for 1-3 months 
before teat; test at at¬ 
mospheric pressure 
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Polyurethane Foam 

Apparent Thermal Conductivity 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method 

Haskins, J. i?,, 
and Hertz, J. 

123 192-522 Polyurethane foam; 2,0 lb/ft^j Guarded hot plate method 
COp blown polyester based; (Twin plate) 
"X-226-32A1’ (American Latex 
Corporation) 

Remarks 

Material aged at room 
temperature for 1-3 months 
before teat; test at 
atmospheric pressure 

A Haskins, J, F., 
and Hertz, J, 

123 152-528 Polyurethane foam; 2,2 Ib/ft^; Guarded hot plate method 
COp blown high temperature; (Twin plate) 
"PAPI-1008" (Carthane 1008) 
(Carwin Corporation) 

Material aged at room 
temperature for 1-3 months 
before test; test at 
atmospheric pressure 

Haskins, J. F., 
and Hertz, J, 

123 152-523 Polyurethane foam; 3.0 lb/ft-^; Guarded hot plate method 
COp blown high temperature; (Twin plate) 
PAPI-1008 (Carthane 1008) 
(Carv/in Corporation) 

Material aged at room 
temperature for 1-3 months 
before test; test at 
atmospheric pressure 

Haskins, J, F., 
and Hertz, J, 

123 15^-510 Polyurethane foam; 1.80 lb/ft3 Guarded hot plate method 
freon blown, fire retardent, (Twin plate) 
polyester based; "Stafoam 
AA-1302" (American Latex 
Corporation) 

Material aged at room 
temperature for 1-3 months 
before test; test at 
atmospheric pressure 

Haskins, J. F., 
and Hertz, J, 

123 151-547 Polyurethane spray foam; 1,99 Guarded hoUplate method 
lb/ft3. fire retardent, poly- (Twin plate) 
ester based; "Stafoam AA-28Ò2, 
(American Latex Corporation) 

Material aged at room 
temperature for 1-3 months 
before test; test at 
atmospheric pressure 

Spell, S. 195 340 Polyurethane foam; 2,0 Ib/ft^; 
polyester type (Johns-Manville' 

Guarded single plate 
method 

Temperature: -320°F to 80°F 
(probable), atmospheric 
pressure 

y 

0 

Watson, J, F., I69 
Christian, J, L., 
Hertz, J. 

Watson, J, F., I69 
Christian, J, L., 
Hertz, J, 

523-760 Polyurethane foam; "Stafoam 
1102" 

360-6IO Polyurethane foam 

Not given 

Not given 



Polyure.^cme Foam 

Apparent Thermal Conductivity 

Pressure, mm Hg 

Sym¬ 

bol 
Investigator Ref. Range, °R Test Sample Test Method Remarks 

Powers, R. 
Johnston, H. L. 
Hansen, R, H., 
Zieeler, J. B. 

Powers, R. W., 
Johnston, H. L. 
Hansen, R. H., 
Ziegler, J. B. 

Powers, R. W., 
Johnston, H. L., 
Hansen, R. H., 
Ziegler, J. B. 

Powers, R. W,, 
Johnston, H. L. 
Hansen, R. H., 
Ziegler, J. B. 

Powers, R. w., 
Johnston, H. L. 
Hansen, R. H., 
Ziegler, J. B. 

Powers, R. W., 
Johnston, H. L. 
Hansen, R. H., 
Ziegler, J. B. 

Kropochot, R. H. 
and 

Corruccini, R. J. 

035 

035 

035 

035 

035 

035 

069 

lob 

88 

198 

254 

198 

254 

178 

338 

Polyurethane foam, blocks, 
in hydrogen: O.87 lb/ft3; 
Pliofoam" (Goodyear Tire & 

Rubber Company) 

Polyurethane foam, blocks, 
in hydrogen: O.87 lb/ft3; 
"Pliofoam" (Goodyear Tire & 
Rubber Company) 

Polyurethane foam, blocks, 
in hydrogen: O.87 lb/ft3; 
"Pliofoam" (Goodyear Tire & 
Rubber Company) 

Polyurethane foam, blocks, 
in nitrogen: O.87 lb/ft3; 
"Pliofoam" (Goodyear Tire & 
Rubber Company) 

Polyurethane foam, blocks, 
in nitrogen: O.87 Ib/ft-*; 
"Pliofoam" (Goodyear Tire ft 
Rubber Company) 

Spherical envelope method 

Spherical envelope method 

Spherical envelope method 

Spherical envelope method 

’pherlcal envelope method 

ln sphericRi enveiupe 
"Pliofoam" (U. S. Rubber 
Company) 

Polyurethane foam (isocyanate) 
5.0-8.5 Ib/ftJj "Lock rbam" 
(Nopco Chemical Company) 

Guarded hot plate method 
(Twin plate) 

Temperature: l4l° to 36°R 

Temperature: 953' to 1490R 

Temperature: 365 to l4?úR 

Temperature: 253 to 14:^r 

xemperature: 365 to h 

I'emp era turc: 216 to 14i°R 

Temperature: $40 to 1 y{°K 
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Polyurethane Foam 

Linear Thermal Expansion 
Temperature, ° Kelvin 

0 125 250 375 500 625 

iym 
bol 

O 

Investigator ReT Range. 0R Test Sam ple Test Method Remarks 

Haaklns, J. P., 
and Hurlick, A. 

222-520 Polyurethane foam; 2.0 lb/ft3_ 
freon blown; 96.7 closed cell' 
"Polycel ¿J20" (Polytron 
Corporation) 

Dilatometer method Specimen purged with dry 
nitrogen, atmospheric 
pressure 

□ Haskins, J. F., 
and Hurllck, A. 

12^4 212-510 Polyurethane foam; 2.0 lb/ft3; 
freon blown; closed cell; 
specimens MIL-R-9299, Type II, 
Class I; "Polvcel 420" 
(Polytron Corporation) 

Dilatometer method Specimen In dry helium 
atmosphere; test at 
atmospheric pressure 

A Haskins, J. F., 
and Hurllck, A. 

124» 23O-5IO Polyurethane foam; 2.0 lb/ft3; 
freon blown; 96^ closed cell; 
specimens MIL-R-9299, Type II, 
Class I; "Polycel 420" 
(Polytron Corporation) 

Dilatometer method Atmospheric pressure; 
specimen In air; test data 
Is average of two tests; 
deviation < ± 5f$ 

V Haskins, J. F., 
and Hurllck, A. 

124 28O-5IO Polyurethane foam; 2.0 lb/ft3; 
freon blown; 96Ç0 closed cell; 
specimens MIL-R-9299, Type n 
Class I; "Polycel 420" 
(Polytron Corporation) 

Dilatometer method Specimens In vacuum on 10“? 
mm. Hg; deviation of two 
specimens +2% 
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Polyvinyl Chloride Foam 

Apparent Thermal Conductivity 
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Temperature, °Rankme 

Sym¬ 
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Investigator Ref. Range, °R Test Sample Test Method Remarks 

■ . J 

ik-1 

.1 

Í:; 
h» ' 

y • 4 
fj 

O 

0 

A 

Hickman, M. J., 
and Ratcllffe, 
E. H. 

Eiermann, K. 

Elertrumn, K. 

014 

241 

241 

335-510 

168-644 

|. 8-64 . 

Polyvinyl chloride foam , 
(cellular P.V.Cjj 5.0 Ib/ft^; 
specimen size 30 cm. x 30 cm. 
X 3.5 cm to 5,0 cm. thick 

Polyvinyl chloride foam; 
10% plasticizer 

Polyvinyl chloride foam; 
J»0% plasticizer 

Guarded hot plate method 
(Twin plate) 

Unfpu.ir.lc^ hot plat*- mi-thod 

■nnuarded hot pi itf* r»*t.hod 

Temperature difference from 
room temperature and -5)ocE, 
-103°F, and 32°F 

Author accuracy *J>1 

author accuracy 
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Potassium Chloride 

Thermal Conductiviiy 
Temperature, °Kelvin 

oc 
O 

26 

Ö 

6f'° 750 1000 1250 

“T 
— "T“ P“ *— 

c: 
. — — 

n 
— 

-- — — 

- — 

. 
- 

— — 

_ 
— 

„ 

. 
_ r • f— • 

— 

. . 

< 3 - .. 

— 

_ 

_ 
— . - "J— — 

_ - 1—4— — 

— . -^- 
_ 

. 

. 
—f—t— — 

. ■> 
— 

— 

D 

CT i 3, 
—4 

0 
< ) O 

—-ï — 

- 

_ 

— — 

— ■ 

200 400 600 800 1000 1200 1400 l600 1Ö00 2000 2200 2400 

Temperature, °Rankine 

O 

E 
U 

U 

>• 
> 

D 
"0 
c 
O 

U 

O 
E 
a> 

JC 

Sym¬ 
bol 

Investigator Ref Range, °R lest Sample Test Method Remarks 

O 

□ 

Dävyatkcva, ¿,L* 
'.inri Smtrrav, I.A. 

MoOaflhv, K. A., 
Ballard, S.S. 

270 

24 . 

153-328 

432-702 

Pure .ry'-tal potasnlum 
chloride 

Put.isnlurr, chloride crystalr; 
01 kc pellet; 1.0 ¡.•m. radius 
X 0,5 cm, thick (Harshiw 
Chemical Co,) 

Ouarried rod method 

Comparative methoa 

Author accuracy ¿3^ 
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0.070 

0.060 

Où 
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¢0, 050 

0.040 
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I 
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“00. 
c 
0 
u 

“o 

Ë0. 
-c 

030 

0.010 

250 

Potassium Titanate 

Thermal Conductivity 
Temperature, °Kelvin 

500 750 1000 1230 

3 

3 

y 

“1 
9” 

5P ï 

3 
D 

X 
¡7 V 

Lh h 
' 

1 z "1 

ï. 
__ A 

— 

0.00025 

£ 
1.00020 V 

0.00015 >* 

’> 

3 
~0 
c 
0 
0 

0.00010 

"B 
E 

0.00005 

Temperature, 0Rankine 

0 
2400 

»ym 
bol 

O 

Investigator 

E. I. duPont de 
Nemours & Co., 

Ref. Range, °R 

cm 660-1610 duPonj? 
Ib/f t-*; 

lest Sample Test Method Remarks 

"Tlperaul"; 3.4 
flbrouo material 

Not given Sales literature; data from 
smoothed curve 

□ E. I. duPont de 
Nemours & Co., Inc. 

041 66O-I6IO duPont "Tipersul"; 12.0 
lb/ft3; fibrous material 

Not given Sales literature; data from 
smoothed curve 

A E, I, duPont de 
Nemours & Co., Inc. 

04] 66O-I6IO duPont "Tipersul"; 28.0 
Ib/ft-^; fibrous material 

Not giver Sales literature; data from 
smoothed curve 

V E. I. duPont de 
Nemours & Co., Inc. 

041 66O-I61O duPont "Tipersul"; 71.5 
lb/ft3; fibrous material 

Not given Sales literature; data from 
smoothed curve 

Hansen, A.L. 236 IO6O-166O Fibrous material; 12-28 
lb/ft3 

Guarded hot plate method 
(Twin plate) 

Equipment accuracy i. 3%; 
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Potassium Titanate 

Specific Heat 

0.28 

0.24 

0.20 

3 O.I6 

flO 

a 

X 

ä 
0.12 

0.08 

0.04 

250 

Temperature, °Kelvin 

500 750 

200 400 6OO 800 1000 1200 1400 I6OO 

Temperature, °Rankine 

1250 
0.28 

0.24 

0.20 

0.12 

O 

X 

»*■ 

I 
0.08 

O.04 

1800 2000 2200 2400 

Sym¬ 
bol 

Investigator Ref. Range, aR Test Sample Test Method Remarks 

O E. I. duPont de 
Nemours & Co., Inc. 

0-41 530 Fibrous potassium titanate; 
duPont "Tlpersul" 

Not given Sales literature 

■ 

J 

k- ' ;) 
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■ i 

:. 
* -.1 

.1 
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Redwood Bark 

Apparen!1 Thermal Conducfivity 
Temperature, °Kelwm 

0.028 
125 

, 0.024 

\0.020 
3 

> 0.016 
V 
D 

"O 
c 
o 

KJ 
— 0.012 0 
E 

■£ 0.008 
0 

0 
a 
a 
< 

0.004 

250 375 500 

a 

300 

625 

400 500 600 700 

Temperature, °Rankine 

0.00010 * 
0 

E 

0 

0.00006\ 
0 

♦» 
*> 

€ 

c 
0 
u 

0 
E 

0.000¾ 5 
rC 

o.ooooî a 
< 

0 
a 

800 900 1000 uoo 

Sym¬ 
bol 

Investigator 

üoKley, F. B., 
Jordan, R. c., 
Lander, R. H. 

Ref 

016 

Range, °R 

1)10-535 

Test Sample 

Redwood ba¿k; 4.0 lb/ít3; 
opeclme 1 1.0 ln. thick; 
molottre content ae received 

Test Method 

“iah?;)plate 

Remarks 

Particle size not 
opeclfled 
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Rubber 

Thermal Conductivity 

0.14 
250 

Temperature, °KelvÍn 

500 750 1000 1250 

0.12 

oc 
o 

3: 0.10 

0.08 

0.06 

0.04 

0.02 

n 

3 a_ 

□ i 3 

□ 
r ul 

J ï L l 
0 £ P 

C < > 
, A A it 

¿ ¿ 

O.O3 

O 
.02 « 
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€ 
3 

“O 
c 
o 
u 

200 <100 600 SOO 1000 1200 lllOO I6OO I8OO 2000 2200 21)00 

Temperature, “Rankine 

Sym¬ 

bol 

O 

□ 
A 

Investigator 

Kl ermann, K, 

Eiermann, K. 

Eiermann, K. 

Ref. 

241 

21)1 

2I1I 

Ronge, 0 R 

I68-654 

I68-654 

I68-654 

Test Sample 

Natural rubber 

Silicon rubber 

PolyIsobutylene 

Test Method 

Unguarded hot plate method 

Unguarded hot plate method 

Unguarded hot plate method 

Author accuracy +4% 

Author accuracy +4# 

Author accuracy +4$ 

Remarks 

if 
il, .j 

r 
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°R
 

Rubber Foam 

0.05Ú 

0.048 

0.040 

0.032 

0.024 

O.OI6 

0.003 

Apparent Thermal Conductivity 
Temperature, “Kelvin 

125 250 

£-_ü 
£ 

zr 
* 

375 500 

300 400 500 600 700 800 900 

Temperature, “Rankire 

625 

0.00020 * 
O 

E 

o.oooir 

■o.oooiî 

■o.oooofl 

O.OOOOli 

1000 1100 1200 

Sym¬ 
bol 

□ 

Investigator 

Spell, S. 

Spell, S. 

A Hickman, M. J., 
and Ratcliffe, 
E. H. 

Kropschot, R. H. 

û 

û 

Wann, G,, and 
Forsyth, F. a. E. 

foin, 0.. and 
Forsyth, F. 0. E. 

Verschoor, J. D. 

Ref. 

195 

Range. °R 

195 

069 

015 

015 

0^0 

3^0 

3^0 

335-510 

Test Sample 

Rubber foam; **.3 Ib/ft^; 
"Rubatex Board" (Rubatex 
Division, Great American 
Industries ) 

Rubber foam; 6.3 lb/ft3; 
Aerotube" (Johns-Manvllle) 

Poam rubber (cellular ebonite) 
b.5 lb/ft3; 30 cm. X 30 cm. x 
3.5 cm. to 5.0 cm. thick 

338 Rubber foam; 5.0 lb/ft5 
(U. S. Rubber) 

523 

523 

2^5-277 

New sample, ü.3 lb/ft3; 

Old sample, density not given 

Expanded rubber board (foam 
rubber); composition not 
given; lb/ft3 

Test Method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Heated probe method, 
transient heating 

Heated probe method, 
transient heating 

Guarded hot plate method 
(Twin plate) 

Remarks 

Temperature: -320°F co 8o°F 
(probable), atmospheric 
pressure 

Atmospheric pressure 

Temperature difference from 
room temperature and -310°F. 
-103°F, and 32°F 

Temperature: 5^0 to 137°R 

Atmospheric pressure; test 
specimen dried 2*1 hr. at 
225°F prior to test 
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Samarium - Gadolinium Oxide System 

Thermal Conductivity 
Temperature, "Kelvin 

0 250 500 750 1000 1250 

Temperature, "Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

Kincery, W. D., 
and Norton, P. H. 

Klncery» W. D„, 
and Norton, F. H. 

192 

192 

800-2070 

1575-2060 

Polycrystalline; fired to 
dense condition 

Polycrystalline; fired at 
lower temperature, quite 
porous 

Comparative method 

Comparative method 
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Sawdust 

Apparent Thermal Conductivity 
Temperature, °Kelvin 

0 125 250 375 500 625 

Temperature, °Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Chow, C. S. 067 166-522 Sawdust, granular (soft pine 
and oak]; 15.5 lb/ft3; 
graded #10-40 mesh, air dried 

Cylindrical envelope 
method (Radial heat flow) 

Cold temperature: -l8l°C; 
conductivity calculated from 
reference temperature and 
temperature at various 
radii; test at atmospheric 
pressure 
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Seaweed Powder 

Apparent Thermal Conductivity 
Temperature, °Kelvin 

250 375 

0.026 

0.024 

0.020 

0.016 

0.012 

0.008 

0.004 

125 500 625 

T" 

0 

r 
r 

c 0 
r 

— a 

H Eh 

-Q — 

r 

1 

0.00008' 

>■ 
> 

SÎ 
-a 
c 
0 

Cl 

■p 
E 

c 
o 

0 
a 

Temperature, °Rankine 

Sym 
bol 

O 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

C how, c. 06? 3^2 Seaweed product; 7.3 lb/ft3; 
5C# granular, 50^ pov/der 

Cylindrical envelope 
method (Radial heat flow) 

Cold temperature: -l8l°C; 
conductivity calculated 
from reference temperature 
and temperature at various 
radii; test at atmospheric 
pressure 

□ Chow, C. 067 166-493 Seaweed product (dried powder] Cylindrical envelope 
8.0 lb/ft^ method (Radial heat flow) 

Cold temperature: -l6l°C; 
conductivity calculated 
from reference temperature 
and temperature at various 
radii; test at atmospheric 
pressure 
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0.014 

0.012 

0.00B 

0.006 

0.002 

Silica Aerogel 

Apparent Thermal Conductivity 
Temperature, °Kelvin 

250 375 500 

□ 

P 

□ 
□ 

( ) 

f r 

) 

o25 

0.00005* 
o 

E 
U 

0.0000U 

0.00003 

0,00002 

0.00001 

0 100 200 300 400 500 600 700 BOO 900 1000 1100 1200 

Temperature, 0Rankine 

aym- 
bol 

Investigator Ref. Range, °R Test Sample 

Verschoor, J. D. 040 200-300 Slllcç aerogel powder; 7.8 
Ib/ft-'j pre-dried 

Guarded 
method 

Test Method Remarks 

single plate Temperature difference 
between -300°P and various 
hot side temperatures, 
atmospheric pressure 

□ Rowley, P. B., 
Jordan, R. 0., 
lander, R. M. 

016 410-585 Silicq aerogel powder; 7.t 
Ib/ft-3; specimen in 1.0 In. 
thick container; moisture 
content as received 

Guarded single plate 
method Particle size not specified 

A
pp

ar
en

t 
T

he
rm

al
 C

on
du

ct
iv

ity
, 

ca
l/

se
c 



A
p

p
a

re
n

t 
T

h
e
rm

a
l 

C
o

n
d

u
c
ti
v
it
y
, 

B
tu

/h
 

Silica Aerogel 

Apparent Thermal Conductivity 

Pressure, mm Hg 

0.00001 0.0001 0.001 0.01 0.1 1 10 100 

* 
o 

E 
O 

bym 
bol 
O 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

Powers, R. W 
Johnston, H. 
Hansen, R. H 
Ziegler, J, 

253 Silica aerogel powder; 6.37 
Ib/ft’i "Santocel No. 58 
Pine" (Monsanto Chemical 
Company) 

Spherical envelope method Temperature: -95* to -3l8*P 

□ 

A 

Powers, R. W., 
Johnston, H. L., 
Hansen, R. H., 

Ziegler, J. B. 

Powers, R. W., 
Johnston, H. L., 
Hansen, R. H., 

Ziegler, J. B. 

035 

035 

253 

253 

V Powers, R. W., 
Johnston, H. L., 
Hansen, R. H. , 

Ziegler, J. B. 

035 253 

Silica aerogel powder; 8.7 
lb/ft3; "Santocel No. 0" 
(Monsanto Chemical Company) 

Spherical envelope method Temperature: -95° to -138°P 

Silica aerogel powder: density 
not given; "Santocel No. 
.7lne" (Monsanto Chemical 
Company ) 

Spherical envelope method Temperature: -95° to -3l8“P 

Silica aerogel powder; 6.05 
lb/ft3; "Cantocel No. 58 
Mlcropulverized" (Monsanto 
Chemical Company) 

Spherical envelope method Temperature: -95* to -3l9°P 

Ô 

Powers, R. W., 
Jonnston, H. L., 
Hansen, R. H. , 

Ziegler, J. B. 

Powers, R. W. 
Johnston, H. L., 
Hansen, R. H. , 

ZlSgler, J. B. 

Û Kropschot, R. H. 

035 

035 

069 

103 

253 

338 

Silica aerogel powder; 8.7 
lb/ft3; "Santocel 0" 
(Monsanto Chemical Company) 

Silica aerogel powder; 8.7 
lb/ft3; "Santocel 0" 
(Monsanto Chemical Company) 

Silica aerogel powder; 6 lb/ 
ft3; chemically prepared 
"25O A" 

Spherical envelope method 

Spherical envelope method 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: -2890 to ~U22*F 

Temperature: -95° to -320°P 

Temperature; 80° to -323#P 

Kropschot, R. H. 069 87 Silica aerogel powder; 6 lb/ 
ft3; chemVcally prepared 
"250 A" 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: -323° to -U2U°F 
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Silica Aerogel 
Apparent Thermal Conductivity 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

P 

O 

P 

Kropschot, R. H. 

Kropachot, R, H, 

Kropachot, R. H. 

Black, I. A., 
Fowle, A. A. 
Glaaer, P. E, 

Pulk, M. M., 
Devereux, R. J. 
Schrodt, J. E. 

KOk, H. M., 
Devereux, R. J., 
Schrodt, J. E, 

Chrlatlanaen, 
R. M., Rollings-' 
worth, Jr,, M,, 
Harsh, Jr., H.N. 

Pulk, M. M. 

Pulk, M. M. 

Power, W. H. 

Power, W. H. 

Johna-Manvllle 

Riede, P. M., and 
Wang, D. I-J, 

069 

069 

069 

019 

126 

126 

105 

105 

157 

020 

338 

338 

338 

330 

338 

86 

3^5 

3^2 

342 

338 

338 

338 

351 

Silica aerogel powder; 6 lb/ 
ft-3; chemically prepared 
"250 A" 

Silica aerogel powder; 6 lb/ 
ft-*; chemically prepared 
”250 A" 

Silica aerogel powder; 6 lb/ 
ft^; chemically prepared 
"250 A" 

Silica aerogel powder; 6 lb/ 
ft3; specimen 1/2 in. thick 
Santocel" (Monsanto Chemical 

Company ) 

Silica aerogel powder; 6 lb/ 
ft3; chemically prepared, 
particle size 250 A 

Silica aerogel powder; 6 lb/ 
ft3; chemically prepared, 
particle size 250 A 

Silica aerogel, granular; 
4.8 lb/ft3; specimen flat, 12 
In square, "Santocel A" 
(Monsanto Company) 

Silica aerogel, powder; 6 lb/ 
ft3; chemically prepared 250 A 

Silica aerogel, powder; 
flame prepared; 3.8 Ib/ft^ 

Commercial Santocel A (silica 
aerogel), particle size 
through 8 mesh; 4.7 lb/ft3; 
evacuated bulk density, 5.o 
lb/ft3; compressed bulk 
density, 6.2 lb/ft3 (Monsanto 
Chemical Company) 

Silica aerogel; particle size 
6 mesh; bulk density, 1.7 lb/ 
ft3; evacuated bulk density, 
.7 lb/ft3; "Ground Santocel 
A" (Monsanto Chemical Company 

lllca aerogel, powder; 6.0 
lb/ft3; pre-drled "Santocel" 
(Monsanto Chemical Company) 

Silica aerogel, powder; 6.0 
lb/ft3; "Santocel A" (Monsanto 
Chemical Company) 

Cylindrical Envelope 
Method (Radial Heat Plow) 

Cylindrical Envelope 
Method (Radial Heat Plow) 

Cylindrical Envelope 
Method (Radial Heat Plow) 

Guarded Single Plate 
Method 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Guarded Hot Plate 
(Twin Plate) 

CyUndrí’*!! Envelope 
Method (Radial Heat Flow) 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Not given 

Not given 

Temperature: 8o° to -323°F 
II2 atmosphere 

Temperature: 80° to -323°P 
He atmosphere 

Temperature: 8o° to -323°F 
IJ2 atmosphere 

Temperature: -320°P to 6o°F 

Temperature: 8o°F to - 323°P 
specimen 1 In. thick, wall 
emissivity >0.8 nitrogen 
gas 

Temperature: -323°F to -424°! 
specimen 1 in. thick, wall 
emissivity > 0.8 helium gas 

Temperature: 850 to -315°F, 
emissivity of walls >0.9 

Temperature: 547° to 137°R, 
specimen 1.0 in. thick, wall 
emissivity >0.8, nitrogen 
gas 

Temperature: 547° to 137°R, 
specimen 1.0 in. thick, wall 
emissivity >0.8, nitrogen 
gas 

Temperature: 540° to 137°R, 
nitrogen gas in specimen, 
wall emissivity - 0.86 

Temperature: 540° to 137°R, 
nitrogen gas in specimen, 
wall emissivity s 0.86 

Temperature: 540° to 135°R, 
emissivity of wallsO.ou 

Temperature: 80° to -297°P, 
tooted at low preooure, 
degree of vacuum not opeci- 
fled, not plotted 
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Silica Aerogel and Metal 

Apparent Thermal Conductivity 
Temperature, °Kelvin 

0 125 250 375 500 625 5 

■J 

"I. 

W 

,"V 

r 

Sym¬ 
bol 

Investigator Ret. Range, °R Test Sample Test Method Remarks 

0 Linde Company 108 60-800 Silica aerogel and cooper 
flakes (equal amounts), 
powder; 11 lb/ft3, "03-5" 
(Linde Company) 

Cylindrical envelope 
method (fladlal heat flow) 

Data calculated from points 
on graph of apparent con¬ 
ductivity versus cold 
temperature and specific 
hot sice temperatures; 
test conducted at pressure 
of 10*3 jD-n. Hg 
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Silica Aerogel and Metal 

Apparent Thermal Conductivity 

0.00001 0.0001 0.001 0.01 

Pressure, mm Hg 
o.i 100 1000 

0 

E w 

s 
0 
SJ 

>> 
4BI 

‘> 

I 
-o c 
Ô ' 

"5 
E 

c 
u 
0 
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a 
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Sym- 
bol 

Investigator 

0 Linde Company 

Ref. Range, °R Test Sample Test Method Remarks 

I 108 330 Equal Santocel and copper 
flakes,* 11 lb/ft3; "CS-5" 
(Linde Company) 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: 530° to 130OR, 
gas within Insulation not 
stated at various pressures 

□ Linde Company IOS 85 Equal Santocel and copper 
flakes; 11 lb/ft3; "CS-5" 
(Linde Company) 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: ISO0 to 40°R* 
gas within Insulation not 
stated at various pressures 

A Power, W. H* 120 338 

V Power, W. H. 120 338 

Power, W. H. 120 338 

Û Hunter, B. J., 
Kropschot, R. H., 
Sohrodt, J. E., 
Pulk, M. M. 

122 338 

û Hunter, B. J., 
Kropschot, R. H., 
Sohrodt, J. E., 
Pulk, M. M. 

122 338 

Silica aerogel, particle 
size 6 mesh; plus IQfi ALCOA 
422 powder; bulk density, 
2 lb/ft3; compressed evacu¬ 
ated bulk density, 8.4 lb/ 
ft , "Ground Santocel A" 
(Monsanto Chemical Company) 

Silica aerogel, particle 
size 6 mesh; plus 25# ALCOA 
422 powder; bulk density, 2 
lb/ft3; compressed evacuated 
bulk density, 9.8 Ib/ft3^ 
"Ground Santocel A" (Monsanto 
Chemical Company) 

Silica aerogel, particle 
size 6 mesh; plus 50# ALCOA 
422 powder; bulk density, 
4,8 lb/ft3; compressed evacu¬ 
ated bulk density, 11,8 lb/ 
ft-3; "Ground Santocel A" 
(Monsanto Chemical Company) 

Silica and aluminum powder; 
particle size 200-300 A Pluo 
20# ALCOA 422 powder; "CAB-0- 
SIL H-5" (Godfrey L. Cabot, 
Inc.) 

Silica and aluminum powder; 
particle size 200-300 A plus 
20# ALCOA 422 powder; "CAB-0- 
SIL H-5" (Godfrey L. Cabot, 
Inc.) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (liadlal heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Temperature: 540* to 137*R, 
nitrogen gas In specimen; 
wall emisslvlty >0.8 

Temperature: 540* to 137*R, 
nitrogen gas In specimen; 
wall emisslvlty >0.8 

Temperature: 540° to 137*R, 
nitrogen gas in specimen; 
wall emisslvlty >0.8 

Temperature: 5^0° to 137°R, 
wall emisslvlty0.02 

Temperature: 5**o° to 1370R, 
wall emisslvlty >0.8 
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Silica Aerogel and Metal 

Apparent Thermal Conductivity 

Sym¬ 
bol 

Investigator Ret. Range, 0 R Test Sample Test Method Remarks 

Hunter, B. J., 
Kropschot, ?.. H., 
Schrodt, J. E., 
Pulk, M. M. 

Hunter, B. J., 
Kropschot, H, H., 
Gchrodt, J. E#, 
Pulk, M. M. 

O Hunter, B. J., 
Kropschot, ?.. H., 
Schrodt, J. E., 
Pulk, M. M. 

D Hunter, B. J., 
Krooschot, R. H., 
Schrodt, J. E., 
Pulk, M. M. 

Hunter, B. J., 
Kropschot, F., H., 
Schrodt, J. E,, 
l\jlk, Me M. 

Hunter, B. J., 
Kropschot, R. H., 
Schrodt, J. E., 
Pull:, M. 

Hunter, B. J., 
Kropschot, F. H., 
Schrodt, J. E#, 
IXilk, M. II. 

Hunter, D. J., 
Kropschot, I . H., 
Schrodt, J. E., 
Puik, M. 

Pulk, K. M., 
Devereux, ?.. J., 
Schrodt, J, E. 

7 Pulk, M. M., 
Devereux, R. J., 
Schrodt, J. E. 

o Pulk, M. Me, 
Devereux, R. J., 
Schrodt, J. 

a Fulk, M. Me, 
Devereux, R. J., 
Schrodt, J. E, 

122 

122 

126 

126 

126 

126 

338 

338 

338 

338 

338 

333 

333 

338 

338 

338 

Silica and aluminum powder; 
particle size 200-300 A plus 
501 ALCOA 422; "Cab-O-Sil 
H-5" (Godfrey L. Cabot, Inc.) 

Silica and aluminum pov/der; 
particle size 200-300 A plus 
66* ALCOA 422; "Cab-O-Sll 

H-5" (Godfrey L. Cabot, IncJ 

Silica and aluminum powder; 
particle size 200-300 A plus 
66* ALCOA 422 "Cab-O-Sll 
H-5" (Godfrey L. Cabot, Inc.) 

Silica and gold powder; plus 
Gô'l sliver <44 micron; "Cab- 
O-Sll H-5" (Godfrey L. Cabot, 
Inc. ) 

"Cab-O-Sll H-5" plus 53^ 
nickel powder <44 microns 

"Cab-O-Sll H-5" plus 55^ 
copper pOT/der <44 microns 

Silica and aluminum powder; 
parólele size 200-30Ò A plus 
50* ALCOA 422: "Cab-O-Sll 
H-5" (Godfrey L. Cabot, Inc.) 

Silica and aluminum pov/der; 
nartlcle size 200-300 A plus 
50* MCOk 422; "Cab-O-Sll 
H-5" (Godfrey L. Cabot, Inc.) 

Silica aerogel, powder; with 
15î1 aluminum flakes; density 
not given 

Silica aerogel, powder; with 
30* aluminum flakes; density 
not given 

Silica aerogel, powder; with 
15* aluminum powder; density 
not given 

Silica aerogel, powder, with 
30* aluminum powder; density 
not given 

Cylindrical Envelope 
Method (Radial Heat Plow) 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Cylindrical Envelope 
Method (Radial Heat Plow) 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Cylindrical ,Envelope 
Method (Radial Heat Flow) 

Cylindrical Envelope 
Method (Kadlal Heat "low) 

Cylindrical Envelope 
Method (Radial Heat Plow) 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Cylindrical Envelope 
Method (Radial Heat ’low) 

Tempera-ure: 540° to 137*R. 
wall emlsaivlty '»O.o 

Temperature: 540* to 137*R 
wall emlsslvlty ~0.02 

Temperature: 540* to 137*R, 
wall emlsslvlty ^0.8 

Temperature: 540* to 137*R 

Temperature: 540* to 137*R 

Temperature: 540* to 137°R 

Temperature: 540* to 36°R 

Temperature: 540* to 36*R 

Temperature: 540° to 137°F# 
specimen 1 in. thick, wall 
emlsslvlty >0.8 

Temperature: 540° to 137°F# 
specimen 1 in. thick, wall 
emlsslvlty >0.8 

Temperature: 540° to 137°H» 
specimen 1 In. thick, wall 
emlsslvlty >0.6 

Temperature: 540° to 137°R» 
specimen 1 in. thick, wall 
emlsslvlty >0.6 
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Silicon Carbide 

Thermal Conductivity 
Tampcratgra, "Kelvin 

o 500 1000 1500 2000 2500 

Sym¬ 
bol 

O 

□ 
A 

Û 

Û 

Cl 

¿1 

D 

D 

P 

Investigator 

Clemente, J, P,, 
and Vyse, J, 

Norton, F. H,, and 
Klngery, W, D. 

Vasiloü, T., 
Klngtîry, W, D., 
Norton, F. H. 

Norton, F, H., and 
Klngery, W, D. 

Norton, F, H,, and 
Klngery, W. D, 

Fleldhouse, I, B,, 
Hedge, J, C. 
Lang, J. I. 
Waterman, T 

Smoke, S, J 
Illyn, A, V 

Smoke, 2, J 
Illyr, A. V 

Norton Company 

Norton Company 

Me el 1er, C, F.,, 
and Wilson, D. H. 

Carborundum 
Company 

Ref. 

056 

152 

212 

152 

152 

032 

083 

C83 

066 

066 

Range, °R 

2010-2500 

880-1920 

680-2100 

1380-1920 

1270-2070 

2480-3220 

566-669 

570-710 

1100-2460 

I5IO-306O 

II50-2965 

Test Sample 

Polvcrystalllne; 157 Ib/ft^; 
17.¾¾ porosity; silicon car¬ 
bide brick; 98.35¾ SIC, 1.75¾ 
others 

Polycrystalllne; commercial 
frit bonded 

Polycrystalllne; cut from 
Ingot 

Polycrystalllne; silicon 
bonded (consists of contin¬ 
uous phase Si and Cubic SIC) 

Polycrystalllne; hot pressed 

Polycrystalllne; 193 lb/ft^; 
67.465¾ SI, 28.585¾ C, 0.73% A1 
0.58% Fe, 0.495¾ CaO; self 
bonded 

Polycrystalllne; 153 lb/ft^; 
30% SIC; vitrified SIC 

Polycrystalllne; 156 lb/ft^; 
porous SIC; 705¾ SIC 

Polycrystalllne; castable; 
155 lb/ft3; Crystolon N; 
SlC-SlOjj bond 

Polycrystalllne; castable, 
lb5 lb/l't3; Crystolon a, 
86-87% SIC, 11-12% SI0? 

Silicon carbide bonded with 
silicon nitride; 1(::.% porosity 
"Hefrex” (Caroorundum c ,) 

Carbo^'rax brlcK; i ■% Si ;, 
7.7% SI Op f other:*; 
loi 1 '0/fi 8• 9-17% porosity 

Test Method 

Not given 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Guarded single plate 
method 

Net given 

Not giver. 

Not given 

N< t given 

Cylindrical envelope method 
(HadTil neat flew) 

Remarks 

Author accuracy +^5¾ 

He atmosphere 

Sales literature; data 
taken from smoothed curve 

Sales literature; data 
taken from smoothed curve 

Mes 11‘-rature 
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Silicon Carbide 

Thermal Conductivity 
Temperature, °Kelvin 

2000 2500 

1.^ 

1.2 

oc 
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D 
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~0 
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0 
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r 0.4 
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JC 
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* 
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1 L — L i , 

0.005 

0 

E 
O.OOM ' 

> 
Z 

0.002 

0) 
-c 

0.001 

J 0 

Temperature, 0Rankine 

Sym¬ 

bol 
Investigator 

Jarbcruncum 
’cnpav.y 

CarbcrunàUT. 

Powers, i'. J. 

Ret 

S2b 

323 

?6g 

Range, 0 R 

1260-2360 

1260-11160 

1060-1587 

Test Sample 

Silicon cirblde roam; 90* 
porosity; 15.6-18.8 lb/fto 

Silicon carbide foam; 8)% 
porosity; 31.2-37.5 lb/lt3 

Slllecn carbide foam; 
36 lb/ft3; (Carborundum Cc.) 

Test Method 

Not given 

Net given 

Remarks 

Compressive strength at 20*C. 
85 psi; max. temp. 3000°F 
(oxidizing); 4000aF, inert; 
tensile strength at 20°C, 
30 psi 

Comparative method 

Compressive strength at 20°C 
750 Psi» rcax. temp. 3000°F 
(oxidizing); ^DOO^F, inert; 
tensile strength at 20ÄC, 
70 psi 

Small temperature differ¬ 
ential limited accuracy 
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Silicon Carbide 

Linear Thermal Expansion 
Temperature, "Kelvin 

Sym- 
hol 

O 

Investigator Ref. Range,” R Test Sample Test Method Remarks 

□ 

A 

V 

Û 

a 

d 

D 

D 

Whittemore, 0. J., 
and Ault, N. N. 

Whittemore, 0. J., 
and Ault, N. N. 

Whlttomore, 0. J., 
and Ault, N, N, 

Carborundum 
Company 

Pleldhouse, I. R., 
Hedge, J. C., 
Lang, J. I., 
Waterman, T. ii. 

Selbel, R. D., and 
Mason, G, L. 

Norton Company 

Norton Company 

Carborundum 
Company 

CM 

CM 

on 

032 

063 

066 

066 

228 

Powers, D. J. 

Carborundum 

IO32-3192 

IO32-3192 

IO32-3192 

1260-3110 

520-3380 

I26O-306O 

670-3210 

67O-32IO 

1260-2910 

5^0-2217 

Polycrystalline; silicon 
carbide (recrystallized) 

Polycrysta.lline; silicon 
carbide (clay-bonded) 

Polycrystalline; silicon 
carbide (bonded glazed brick) 

Polycrystalllne; castable, 
silicon carbide foam 80-90^ 
porosity; 15.6-40,5 Ib/ftP 

Polycrystalllne: before teat; 
67.46^ Si, 28.58^ C, 0.73!» Al, 
0.5855 Fe, O.485S CaO; after 
test; 68.12# Si, 27.29# C, 
1.4?# Al, 0.32# Fe, 0.44# CaO 

Polycrystalllne; 187 lb/ft^; 
8-9# free silicon, supplied 
by the Carborundum Company 

Polycrystalllne; castable, 
165 lb/ftJ;''Crystolon N” 
silicon nitride bonded 

Polycrystalllne; castable, 
165 Ib/ft-J; ' Cryòtolon G'; 
86-8?# SIC, 11-12# S102 

Silicon carbide foam; 15.6- 
•- 'nt3; 80-90# porc 37.5 lb/ft. 

Silicon carbide foam; 38 lb/ 
ft- ('-arboriincium Company) 

Telemicroscope method 

Telemicroscope method 

Telemicroscope method 

Not given 

Telemicroscope method 

Dilatometer method 

Not given 

Not given 

Not given 

PI ] i tomet.er method 

Silicon car 
SIC, 7.7/ 0 
9-17# poro.- 
"C irbcî'r :x H ! ck" 

loo 1h/fv■ 

Sales literature 

Data of questionable 
accuracy 

Sales literature, data 
taken from smoothed curve 

Sales literature, data 
taken from smoothed curve 

Mux. temp. 20003F, oxidizing 
d000"F, Inert 

Tcfft (iorif.-uct*1': In vacuum 
chaTb-r at 1/2 mm, -lr 

■yo '7; ::. leo IT era bur- 
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Silicon Carbide 
Specific Heat 

Temperature, “Kelvin 

0 500 1000 1500 2000 2500 

Temperature, “Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

Kelley, K. K. 213 100-530 Polyerystalllne; 99/ SIC, 
0.6/ Si02 

Comparative method; rate of 
temperature rise in sample 
compared with standard under 
same heatinc conditions. 
Data corrected for SÍO2 
impurity (assumed to be 
quartz) 

Author accuracy ± 0.5/ 

A Skopcn, H, S. 

V Kendo, K. 

032 1480-3260 

156 640-1180 

Polyerystalllne; 511,2 Ib/ft'1 Drop method (Mixtures) 
Before tost: 67.46/ 3i, 
2C.5B/ C, 0.73/ Al, 0.5ü/ ?e, 
0-48/ CaO. After Tost: 
68.127Í Si, 27.79/ C, 1.47/ 
Al, 0.32/ Pe, 0.44/ CaO 

Poly cry a ta] line j Etalon Cuarded sample method 
type, common block variety, 
powder betv/een 40 and 60 mesh 

21« 590-1240 Polyerystalllne; powdered Comparative metnod 

He atmosphere 

Author accuracy i 8/ 

Coal gas atmosphere 

Carborundum 
Company 

o 

on 1460-23ÛO PolycryotaJlino; castable, 
10.7 Ib/ft/; low density,- 
90/ poroîilty, 37.4 ib/ft-5 
high density, 80/ porosity 
(same values for either 
density) SIC foam 

Not given Sales literature 

Tr 'iivl ito" from Pu:-:--1 •' 
review 

Hufchor H -;uravy 
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Silicon Carbide 

Total Normal Emittance 
Temperature, 0 Kelvin 

500 1000 1500 2000 2500 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

A 

\7 

M 

Wade, W, R,, and 
Slerrp, W. S. 

Wade, W. R., and 
Slemp, W. S. 

Wade, W. R„, and 
Slemp, W, S, 

231 

231 

231 

1060-2260 

1060-2260 

1060-2260 

1 ln. dia. X 1,A in. thick; 
"Durhy" (Carborundum Co.) 

1 in. úla. X l/H in. thick; 
"No. 62" (Alfred University) 

1 in. dia. X 1/fc in. thick; 
"SIC+C (830)" (National 
Crucible Co.) 

Totally exposed c pec I me1, 
method 

Totally exposed spe timer, 
method 

Totally exposed 3p*;lme*t 
method 

Sped ne r. oxidized for 20 min. 
at 13c:°F prior to test 

Specimen oxidized for 15 min. 
at iHo,'’? prior to test 

Spet:imcr oxidized for 20 rrln. 
i\ iH03°:' prior to test 
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Silicon Dioxide 

"»L1"11;..?........ 

Thermal Conductivity 

0 500 

Temperature, °Kelvin 

1000 1500 2000 2500 

* 
o 

E 

U 

"u 
3 

TJ 
C 

Sym¬ 

bol 

V 

û 

Û 

Investigator 

Clements, J. F. 
and Vyse, J. 

Clements, J. F. 
and Vyse, J. 

and 
D. 

; ee, 0. 
F.lnsery, 

Lucks, C. F. 
2eem, H. W., 
Wood, W. D. 

Lucks, C. F. 
Deem, H. W,, 
Wood, W. 0. 

Lucks, C. F. 
Mato 1Ich, J. 
Van Velzor, 

Lucks, C. F 
Matolieh, J. 
Van Velzor, 

Or! :T1ths , E., 
Powe I' , R. W. , 
HI 'kmar , v. J. 

J. A. 

Ref. 

056 

C9S 

071 

Os 3 

0S3 

Range, °R 

1570-2690 

1390-2590 

J71-2687 

660-1860 

660-1360 

793-1866 

801-1917 

1043-2202 

Test Sample 

Polycrystalline; 107 lb/ft^j 
porosity 2(:.?5.33?í SlOs; 
2.07 CaO; 1.71# Al20o; 0.53^ 
FeoO?; 0.25# NaoO; 0.13# F^Oj 
0,12% TIO«; 0.12# loss on 
ignition ¿ 

Polycrystalline; 119 lb/ft3; 
porosity iB.T#; made from 
South African silcrete rock; 

.20# SiOpi 2.01# CaO; 
1.720 Ti02; 0.760 Fe20o; 
0.29# AI2O3; 0.220 MnO 
trace of MgO 

Slip-cast fused silica fired 
in a Deneuer kiln 

Fused silica 

Fused silica (Hanovia Chem¬ 
ical Co.) 

Fused silica (Hanovia Chem¬ 
ical Co.) 

Clear fused silica - quartz 
(Hanovia Chemical Co.) 

Clear fused silica - quartz; 
with low-emissivity foil 
adjacent to surface 
(Hanovia Chemical Co.) 

No. 5 Silica, 113 lb/ft 

Test Method 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Comparative method 

Guarded hot plate method 
(Twin plate) 

Remarks 

Author accuracy ± 50 

Author accuracy *50 

Continued on next 
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Silicon Dioxide 
Thermal Conductivity 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

D 

D 

O 
ts. 

O 

7 

a 

a 

a 

Griffiths, E., 
Powell, R. W., 
Hickmrn, M. J. 

Griffiths, E., 
Powell, R. W., 
Hickman, M. J. 

Koenig, J. H. 

Koenig, J. H. 

Koenig, J. H. 

Philadelphia 
Quartz Co. 

Smoke, E. J., and 
Koenig, J. H. 

Moeller, C. E., 
and Wilson, D. R. 

Moeller, C. E., 
and Wilson, D. R. 

Moeller, C. E., 
and Wilson, D. R. 

Moeller, C. E., 
and Wilson, D. R. 

002 

002 

027 

027 

027 

051 

026 

225 

¿25 

225 

225 

1277-1412 

1223-2254 

570-716 

566-710 

575-711 

535 

550-760 

885-2925 

760-2960 

790-2350 

830-2745 

No. 6 Siliceous material; 
124 lb/ft3 

No. 7 Siliceous material; 
118 lb/it3 

Vitreous silica 

Quartz (Bell Telephone Lab.) 
,fl62 A-2" and "l62 B-2" 

Quartz (Bell Telephone Lab.) 
"162 C-2" 

Micro fine precipitated 
silica "Ouso" 

Clear vitreous silica 

Fused amorphous silica 
specimens prepared by 
Engineering Experimental 
Station of Georgia Tech; one 
piece construction; samples 
fired at 2000°F for 2 hr. 
prior to test; "No. 10 fused 
silica slip" 

Fused amorphous silica 
specimens prepared by 
Engineering Experimental 
Station of Georgia Tech; one 
piece construction; samples 
fired at 2000°F for 2 hr. 
prior to test; "No. 10 fused 
silica slip" 

Fused amorphous silica 
specimens prepared by 
Engineering Experimental 
Station of Georgia Tech; one 
piece construction; samples 
fired at 2000°P for 2 hr. 
prior to test; "No. 10 fused 
silica slip"; 15% porosity 

Fused amorphous silica 
specimens prepared by 
Engineering Experimental 
Station of Georgia Tech; one 
piece construction; samples 
fired at 2000°F for 2 hr. 
prior to test; "No. 10 fused 
silica slip"• 15% porosity 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Not given 

Not given 

Not given 

Guarded hot plate method 
(Twin plate) 

Comparative method 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Purity and density net 
given; Argon gas 

Purity and density not 
given; Argon gas 

Argon gas 

Argon gas 
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Silicon Dioxide 

Thermal Conductivity 
Temperature, °Kelvin 

0 500 1000 1500 2000 2500 

sym¬ 
bol 

Investigator Ref. Range, °R 

O Mason, C. R., and 
WalVon, J. D. 

092 350-1380 Foame 
Ib/ft 3 

Test Sample Test Method 

fused silica, 33.1 Guarded hot plate method 
(Twin plate) 

Remarks 

□ Mason, C. R., and 
Walton, J. D. 

092 440-1640 Foamed fused silica, 46,2 
lb/ft* 

Guarded hot plate method 
(Twin plate) 

A Mason, C, R,, and 
Walton, .7, b. 073 874-2193 Foamed fused amorphous 

silica, 38 Ib/ft3 (Glas- 
rock Products Corp.) 

Guarded hot plate method 
(Twin plate) 

V f'ur.ren. A, L, 

Hansen, A, 

û Hansen, A, L, 

236 IO6O-166O Fused amorphous silica; 45 
Ib/ft(Glassrock Corp.) 

Guarded hot plate method 
(Twin plate) 

236 

236 

IO60-166C 

IO60-1660 

Quartz fibers; 3 Ib/ft^; 
"Microquartz"; (l,-0-F 
Glass Fibers Co.) 

Quartz fibers; 6 Ib/ft^; 
"Refrasil A IOC ftatt" 
(H. I. Thompson Fiber 
Glass Co.) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Equipment accuracy 

Equipment accuracy ^3?’* 

Equipment accuracy 

Û Mason, 
Walter, 
et al. 

R. 
. D., 

194 75I-237O Silica; unfired, slip cast; 
fused 

Not ßiven 
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Silicon Dioxide 

Linear Thermal Expansion 
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Temperature, °Ranlcine 

c 
a» 
V 

a> 
a 

c 
0 
'5 
c 
0 
Q. 
X 

0 
E 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

A 

V 

Hummel, F. A. 

Rosenholtz, J. L., 
and Smith, D. T. 

Rosenholtz, J. L, 
and Smith, D. T. 

Ricker, R. W., and 
Hummel, K, A. 

102 

109 

109 

I54 

G90-2290 

690-2200 

680-2290 

710-2290 

Polycrystalllne; prepared 
from silica eel# calcined 1 
hr. at 1500°Cj refined with 

metaphosphate band, 
pressed Into bars; 
''Crlstoballte" 

Polycrystalllne; 165 lb/ft^, 
quartz - clear rock crystal 
from Mino/» Geraes, Brazil, 
measurements parallel to 
C-axls 

Polycrystalllne; 165 lb/ft^, 
quartz - clear rock crystal 
from Minor Geraes, Brazil, 
measurements perpendicular 
to C-axls 

Polycrystalllne; heated 2 hr. 
at 1540°C, 8 hr. at 1500°C 

Dilatometer method 

Dilatometer method 

Dilatometer method 

Dilatometer method 
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Silicon Dioxide 

Linear Thermal Expansion 

0.06 

0.05 

0.04 
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2500 
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0.04 
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a a 

c 
o 
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c 
a a 
X 

0.02 

o 
<D 
C 
3 

•0.01 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

A 

V 

Smoke, E. J.» ir.d 
Illyn, A. V. 

Lucks, C. F., 
Deem, H. W., 
Wood, W, D. 

Trane Is, R. K., 
Brown, R., 
McNamara, E. P., 
Tlnklepaugh, J. R. 

Whlttemore, 0. J., 
Jr., Ault, N. N. 

Olasroek Products 
Inc . 

000 

023 

084 

044 

025 

540-1751 

210-1860 

671-2219 

1031-2111 

540-2292 

Pvsed silica 

Fused silica, 138 lb/ft3 
(Hanovia Chemical Co.) 

Fused silica 

Fused silica 

Fused amorphous silica; 
99.8^ pupp; 50-605? porosity; 
4a lb/ft> 

Not given 

Dilatometer method 

Dilatometer method 

Telemicroscope method 

Not giver. Sales literature 



Silicon Dioxide 

Specific Heat 
Temperature, °Kelvm 

o 500 1000 1500 2000 2500 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

0 

□ 

A 

V 

Slnel'nikov, N. N. 

Moser, H. 

Skogen, H. S. 

Lucks, C. F., 
Deem, H. W. 
Wood, W, D. 

103 

155 

156 

023 

560-1680 

580-1720 

540-1200 

210-1860 

Quarts crystal 

Quartz crystal; transparent 
without blemish, from Brazil 

Special high purity North 
Carolina crushed vein quartz, 
40 to 60 mesh powder 

Polycrystalline; fused 
silica (Hanovia Chemical Co.) 

Guarded sample method 

Guarded sample method 

Guarded sample methou 

Drop method (Mixtures) 

Author accuracy ± 856 
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Silicon Dioxide 

Total Normal Emittance 
Temperature, °Kelvin 

Sym¬ 
bol 

Investigator Rel. Range,0 R Test Sample Test Method Remarks 

0 Sully, A. H., 
Brandes, E, A,, 
Waterhouse, R. B, 

095 1210-19^0 Pure silica Totally enclosed specimen 
method 
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Silicon Dioxide 

Thermal Diffusîvity 
Temperature, °Kelvin 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Lucks, C. F., 
Deen, H. Vi., 
Wood, W. D. 

023 650-1860 Polycrystalllne; fused 
silica (Hanovia Chemical Co.) 

Calculated fron conductivity, 
specific heat and thermal 
expansion measurements 
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Silicon Dioxide and Carbon 

Apparent Thermal Conductivity 

Pressure, mm Hg 

Sym¬ 
bol 

G 

V 

Investigator 

Blade, I. A., 
Fowle, A. A., 
Glaser, P. E. 

Black, I. A., 
Fowle, A. A., 
Glaser, P. E. 

Black, I. A., 
Fowle, A. A., 
Glaser, P. 2. 

Black, I. A., 
Fowle, A. A., 
Glaser, P. E. 

Black, I. A., 
Fowle, A, A., 
Glaser, P. E. 

Ref. Range, °R 

019 

019 

019 

019 

019 

330 

330 

330 

330 

330 

Test Sample 

Gilica-carbon powder: 3.5 
Ib/ft^j "Cabotherm A" 
(Godfrey L. Cabot, Inc.) 

Silica-carbon powder: 5.0 
Ib/ft-5; "Cabotherm B'1 
(Godfrey L. Cabot, Inc.) 

Silica-carbon powder: 5.0 
lb/ft^j "Cabotherm C" 
(Godfrey L. Cabot, Inc.) 

Silica-carbon powder: 4.8 
lb/ft3; "Cabotherm D" 
(Godfrey L. Cabot, Inc.) 

Silica-carbon powder: 5-0 
lb/fw • "Cabotherm Er' 
(Godfrey L. Cabot, Inc.) 

Test Method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Guarded single plate 
method 

Remarks 

Temperature: -320° to 60 F, 
emiSBlvltles of hot and cold 
plates 0.86 

Temperature: -320® to 60*F, 
emlsslvities of hot and cold 
plates 0.86 

Temperature: -320® to 60®F, 
emiBBivitles of hot and cold 
plates 0.86 

Temperature: -320® to 60°F, 
emiBBlvities of hot and cold 
plates 0.86 

Temperature: -320® to 60°F, 
emlsalvUles of hot and cold 
plates 0.86 
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Silicon Dioxide Foam 

Apparent Thermal Conductivity 
Temperature, °Kelvin 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Kropschot, R. H. 069 338 Silica foam; 10 Ib/ft3; 
"Foam Sil" (Pittsburgh Corn¬ 
ing Corporation) 

Guarded hot plate method 
(Twin plate) 

Temperature: to 137°R, 
atmospheric pressure 
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■ ■ -y-r* 

Silicon Dioxide Powder 

Apparent Thermal Conductivity 
•1 

Temperature, “Kelvin 
0 125 250 375 500 625 

<*1 

» - 

f-v. 

ç\ 
V* ; 

i 
H 
• 1 

‘".1 

,.••5 

f ■ 

-i 
:.;1 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Versehoor, J. D. 0*4 0 200-3I40 Silica powder (fine); 6.7 
lb/ft3; pre-dried 

Guarded alncle plate 
method 

Temperature difference 
between -300°F and various 
hot side temperatures at 
atmospheric pressure 
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Silicon Dioxide Powder 

Apparent Thermal Conductivity 

n.ooooi 0.0001 0.001 

Pressure, mm Hg 

0.01 0.1 1 

iC 
o 

E 

o 
in 

0 
u 

,> -O 

i 2 
"c X 
o ._. 

O — 

o a 
a 
< 

Sym¬ 
bol 

O 

Û 

Û 

Investigator 

Powers, R. W,, 
Johnston, H. L, 
Hansen, H. H., 
Ziegler, J. B. 

Fewer s, R. .V., 
Johnston, H. L. 
Hansen, H. H., 
Ziegler, J. R. 

Powers, R. V.'., 
J-hnrton, H. L., 
Hansen, H, H., 
Ziegler, J. B. 

Powers, H. a., 

Johnston, H. L., 
Hansen, H. H., 
Ziegler, J. B. 

f'ropschot, R, H. 

Kropschot, H. H. 

Kropochot, R. H. 

Ref. 

035 

035 

035 

033 

069 

069 

069 

Range, °R 

197 

197 

2'»4 

33; 

33-' 

339 

Test Sample 

Silica powder, nacklnc 
density: 3.3 Ib/ft^ (Linde 
Air Products Company) 

Silica powder, nacklnc 
density: 3.3 Ib/rtJ (Linde 
Air Products Company) 

Silica po\/der, packinc 
density: 3.3 Ib/W (Linde 
Air products Company) 

Silica oowder, nacklnc 
density: 3.3 lb/rt3 (Linde 
Air Products Comnany) 

31 llca powder + 10íí (wt.) 
Tree silicon dust; 7 lb/t’t3 

31 llca pov/der; 3.7 lb/ft-^j 
ríame prepared, ISO-200A 

Silica powder: 3.7 lb/3tJ; 
Hamo prepared, ISO-200A 

Test Method 

Spherical envelope method 

Spherical envelope method 

Spherical envelope method 

Spherical envelope method 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method tRadial heat flow) 

Remarks 

Temperature: 252* to 140°Ft 

Temperature: 360* to l40*fi 

Temperature: 252° to 140°R 

Temperature: 366* to 140°P 

Temperature: 540*' co 137*R 

Temperature: 540° tc 137® 

Temperature: 540° to 137 °r 

Continued on next naco 
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Silicon Dioxide Powder 

Apparent Thermal Conductivity 
Sym¬ 

bol 
Investigator Ref. Range, °R Test Sample Test Method Remarks 

D 

a 

Hunter, B. J., 
Kropschot, R. H., 
Schrodt, J. E., 
Pulk, M. M. 

Hunter, B. J., 
Kropschot, R. H., 
Schrodt, J. E., 
Pulk, M. M. 

Hunter, B. J,, 
Kropschot, R. H,, 
Schrodt, J. E., 
Pulk, M. M. 

Hunter, B. J., 
Kropschot, R. H., 
Schrodt, J. E., 
Pulk, M. M. 

Hunte*-, B. J., 
Kropschot, R. H., 
Schrodt, J, E., 
Pulk, M. M. 

Hunter, B. J., 
Kronschot, R. H., 
Schrodt, J. E., 
Pulk, M. M, 

Johns-Manvllle 

122 

122 

157 

333 

338 

333 

333 

338 

333 

338 

Silica, powder,* 2.5 Ib/ft^j 
200-300A particles "Cab-O- 
Sll" (Godfrey L. Cabot, Inc.) 

Silica, powder; 2.5 lb/ft^; 
200-300A. particles "Cab-0- 
Sll" (Godfrey L. Cabot, Inc.) 

Silica, powder; 3.5 Ib/ft^j 
200-300A particles "Cab-O- 
Sil" (Godfrey L. Cabot, Inc.) 

Silica, powder; 3,5 ib/ft^; 
200-300A particles "Cab-0- 
511" (Godfrey L. Cabot, Inc.) 

Silica, powder; 4.5 lb/ft^: 
200-300A particles "Syloid" 
(Davison Chemical Company) 

Silica, powder; 4.5 lb/ft3; 
2OO-30OA particles "Syloid" 
(Davison Chemical Company) 

Silica, powder; 3,5 lb/ft^; 
pre-dried; "Cab-O-Sil" 
(Godfrey L, Cabot, Inc.) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Not given 

Torn: crature: 540° to 137°ft, 
emiocivlty of walls 0.02 

Temperature: 540° to 137°R, 
emissivity of walls >0.CB 

Température: 540° to 137°R, 
enissivity of walls 0.02 

Temncraturc: 540 to 137ÜX, 
emicslvity of walls >0.0$ 

Temperature: 540° to 137 R» 
cmissivity of walls 0,02 

Temperature: 540° to 137^1^ 
emicsivlty of walls >0.0$ 

Temperature: 540° to 1350R» 
emiSFivity of walls 0.86 
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Siliccn Nitride 

Thermal Conductivity 

as 
o 

4: 

3 

2 

> 
X 
u 
3 
“G 
C 
0 
u 

"5 
E 
a> 

JET 

500 

Temperature, °Kelvin 

1000 1500 2500 

0.025 

.020 u 

0.015 c 

3 
T3 
c 
o 

0.010U 

"5 
E 
h. 
o 
JZ 
►— 

0.005 

8oo 1600 2000 2^00 2800 

Temperature, 0Rankine 

3200 3600 ¿4000 ¿4 ¿100 ¿4800 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Neel, D. S., 
Pears, C. D., 
Oglesby, Jr., S. 

27¾ 1086-3710 Silicon nitride; 90% SIN; 
1¿*8 Ib/ft^j sample cast; 
(Carborundum Co.) 

Cylindrical envelope method 
(Radial heat flow) 

Author accuracy within 10%; 
deterioration at 31*20oP 
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Silicon Nitride 

Linear Thermal Expansion 
Temperature, 0Kelvin 

Sym¬ 
bol 

Investigator Rel Range, 0 R Test Sample Test Method Remarks 

□ 

Iwai, S., and 
Yasunaga, <V. 

Iwal, S., and 
Yaaunaga, A. 

Neel, D. S., 
Pears, C, D,, 
Oglesby, Jr,, S. 

175 

175 

27* 

888-3012 

852-3012 

^.30-37*0 

Sl^Ni*; /?-silicon nitride 

Sl3N¿4j /K-silicon nitride 

99+-/6 SIN + trace others; 
1*8 Ib/ft^; 3/ij in, dla, x 
3 In. long (Carborundum Co.) 

X-Ray diffraction method 

X-Hay diffraction method 

Dilatometer method 

Prepared by heating pure 
sodium in a nitrogen atmos¬ 
phere for several hours at 
1*00 °C; data taken from 
smoothed curve 

Prepared by heating pure 
sodium in a nitrogen atmos¬ 
phere for several hours at 
1*00°Cj data taken from 
smoothed curve 

Maximum exposure tempera¬ 
ture 3*20°P (melted) 
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Silicon Nitride 

Specific Heat 
Temperature, “Kelvin 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Neel, D. S., 
Peara, C. D,, 
Oglesby, Jr., S. 

27¾ 960-3960 Silicon nitride; 98JÉ SIN + 
others; 168 lb/rt3; 3/6 in. 
dia. X 3/6 In. long 

Drop method (Mixtures) 
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Silicon Nitride 

Total Normal Emittance 
Temperature, °Kelv¡n 

o 
Z 

S 

'i 

Temperature, °Rank¡ne 

- 

O 

í 

■' 

I 
* 

K 

Sym- Investigator Reí. Range, 0R Test Sample Test Method Remarks 

o Víade, W. R., and 
Slemp, W. S. 

__— 

231 1050-2260 SÍ3N4;"Mix 2817-C” (Carbor¬ 
undum Co.) 

Totally exposed specimen 
method 

Oxidized for 20 min. at 1800° 
F prior to test 
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Siliimanite 

Thermal Conductivity 
Temperature, "Kelvin 
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0 400 300 1200 1600 2000 2400 2800 3200 3Ó00 40 

Temperature, °Rankine 
00 44 00 46 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks e¡ 

W 1 

O
 

□
 

Clements, J. F., 
and Vyse, J„ 

Griffiths, E., 
Powell, R. W., 
Hickman, M. J. 

O56 

002 

1660-2570 

1216-2256 

Polycrystalllne; 22.2^ poros¬ 
ity; 144 lb/rt3; 57,34ÿ AloO, 
39.ûÿÈ S102, I.265Í TlOp, J 
0.70% re203, 0.357; k2o, 0.25^ 
Na20, 0.24j5 MgO, 0.2CÇÍ CaO 

Prepared from well calcined 
slllimanlte bonded with highlj 
refractory plastic clays 

Guarded hot plate 
(Twin plate) 

Guarded single plate 
method 

Author accuracy ±555 
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Sillimanite 

Total Normal Emittance 
Temperature, °Kelvin 

2000 

O 
Z 

400 

Temperature, 9 Rankine 

2500 

- 

< P 1 

D< >c 
u t 3 

X 
i r ni i 
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2 — 
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0L—. 
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t. 
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Sym- Investigator Rei. Range, 0R Test Sample Test Method Remarks 

O 

a 

Pattlson, J. R. 

Pattlaon, J. R. 

009 

009 

2183-2687 

2201-3245 

Sillimanite cement,75?5 sllll- 
manlte, 25?5 ball clay binder, 
before firing 

Sillimanite cement,7555 allll- 
manlte, 25/5 ball clay binder, 
after firing 

Rotating cylinder In flame 
method 

Rotating cylinder In flame 
method 
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Sodium Chloride 

Thermal Conductivity 

250 

Temperature, °Kelvin 
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MOO 600 800 1000 1200 1M00 

Temperature, °Rankine 

1600 1800 2200 2M00 

Sym¬ 
bol 

O 

□ 

Davyatkova, E. D. 

and Smirnov, X.A. 

McCarthy, K. A., 
and Ballard, S.S. 

Investigator Ref. 

270 

2MM 

Range, °R 

1M4-828 

M28-666 

Test Sample 

Chemically pure crystal NaCl 

Sodium chloride crystals! 
disc pellet! 1.0 cm. radius 
X 0.5 cm. thick (Harshaw 

Chemical Co.) 

Test Method 

Guarded rod method 
(Axial heat flow) 

Comparative method 

Remarks 

Author accuracy +3Í 
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Sodium Silicate Laminate 

Apparent Thermal Conductivity 
Temperature, “Kelvin 
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Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks i J! 

• j 
pi 
•w 

O Gray, V. H., 
Gelder, T. E., 
Cochran, R. P., 
Goodykoontz, J. H. 

093 14.5-192 Sodium silicate, "vraterglass' 
laminate, synthetic mica 
"Crystal-M" paper (Minnesota 
Mining and Manufacturing) 
49 xb/rt3; apecimen 1/P in. 
thick 

Guarded hot plate method 
(Twin plate) 

Cold temperature: -321°P, 
estimated errors In data 
less than 12#, air at 1 
atmosphere 

220 

1 

“i 

; 



Teflon 

Thermal Conductivity 
Temperature, “Kelvin 

0 125 250 375 500 625 

Temperature, “Rankine 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method 

O Powell, R. W,, 
Roger, W. M., 
Coffin, D. 0. 

14? 10-140 Extruded Teflon, I38 lb/ft3; Guarded rod method 
specimen 1 in. dla. x 8.1 in. (Axial heat flow) 
in length 

Remarks 

Author accuracy within lOfr; 
temperatures not stated 

□ Haskins, J, F., 
and Hertz, J. 

123 166-503 Solid sheet Teflon; 1/2 in. 
thick (E. I. duPont de 
Nemours k Company) 

Guarded hot plate method 
(Twin plate) 

Test material aged 1-3 
months at room temperature 
(one atmosphere) before 
test; temperatures not 
stated 

A 

V 

Powoll, R. W., 
Roger, W. M. 
Coffin, D. 0. 

Eiermann, K. 

147 7-144 Extruded Teflon 

241 168-618 Teflon 

Rawuka, A. C. 091 6IO-I26O Teflon rod (Solid disc) 

Not given 

Quasi-Steady State Method 
(Twin platej 

Quasi-Steadv State Method 
(Twin plate) 

Author accuracy +4# 
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Teflon 

Linear Thermal Expansion 
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Temperature, °Ranlcine 

•1.2 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Te:t Method Remarks 

0 Quinn, Jr., F. A., 
Roberts, D. E., 
Work., R. N. 

W8 420-708 Solid Teflon, 138 lb/ft3 (2* 
variation in specimen densi¬ 
ties) ¡ specimen 20 mm dla. x 
45 mm.long, extruded 

Dilatometer method Thermal expansion calcu¬ 
lated from volumetric 
expansion 
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Teflon 

Specific Heat 
Temperature, 0 Kelvin 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Furukawa, G. T., 
McCoskey, R. ß., 
King, G. J. 

1119 0-630 Molded, annealed, quenched 
Teflon sheet Guarded sample method Author's estimated error 

of 0.2^ for some samples. 
Maximum variation due to 
mechanical and thermal 
history, 6g at 200ÔK 
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Thorium Dioxide 

Thermal Conductivity 
Temperature, “Kelvin 

Sym 
bol 

Investigator Ref. Range, °R Test Sample 

O New Jersey Ceramic 
Research Station 

158 570-700 Polycrystalline; 598 Ib/ft^; 
spectroscopically pure; hot 
pressed at 1790-l820°C 

Test Method 

Comparative method 

Remarks 

□ Adams, M. 057 1030-2840 Polycrystalline; 504 lb/ft^; 
16,7# porosity; slip cast from 
suspension of finely ground 
nat erial 

Prolate spheroidal method 

A Smoke, E. J,, and 
Koenig, J, H, 

026 560-700 Polycrystalline; 597 lb/ft3; 
single oxide; hot pressed 

Kingery, W. D., 
Franc1, J., 
Coble, R. L., 
Vasilos, T. 

^ National Beryllia 
Corp. 

062 671-2651 

049 671-2291 

Polycrystalline; 504 lb/ft3) 
16.7555 porosity 

Polycrystalline; 99^ pure 

Comparative method 

Prolate spheroidal method 

Not given Sales literature 
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Thorium Dioxide 
Linear Thermal Expansion 

Temperature, 0Kelvin 

o 500 1000 1500 2000 2500 

0 400 800 1200 l600 2000 2400 2800 3200 36OO 4000 4400 4800 

Temperature, 0Rankine 

sym¬ 
bol 

Investigator 

Lang, S. M., and 
Knudsen, F. P., 

Ref. 

159 

Range, °R 

680-3010 

Test Sample 

PolycryBtalllne; 0.5# CaO 

Test Method 

Interferoi,ieter method 

Remarks 

□ 
A 

V 

Curtia, C. E., and 
Johnson, J. R. 

160 530-2710 Polycrystalline; 1# CaO; 
fired at l800°C 

Not given 

Curtis, C. E,, and 
Johnson, J, R. 

160 1040-2500 Polycrystalline; 25# porosity; 
pure; fired at l800°C 

Not given 

Skinner, B. J. 161 770-1980 Polycrystalline; 0.1-0.556 ea. 
31, Mg; 0.01-0.055¾ ea. Fe, B, 
Al; 0.001-0,0055¾ ea. Sc Cu; 
0.0001-0.000556 Be 

X-ray diffraction method Author accuracy ± 0.296 

Somlya, S., 
Yamauchl, T., 
Suzuki, H. 

Û Mauer, F. A., and 
Bolz, L. H. 

162 9IO-3IOO Polycrystalline; pure, dry 
mixed, pressed at 342 pel 
fired at 1700°C In 5-1/2 hr., 
held 1 hr,, cooled overnight 

Dilatometer method 

163 790-3040 Polycrystalline; ThO + 0.001- 
0.015¾ Al; 0.0001-0.0015¾ ea. 
Ag, Ca, Cu, Mg 

X-ray diffraction method 

Plotted data are average 
of authors heating and 
cooling curves 

Û Truesdale, R. S., 
Svrica, J. J., and 
Tinklepaugh, J. R. 

088 860-2060 Polycrystalline; 1/2# CaO 

Whit temore, Jr., 0. 
J., and Ault, N. N. 

044 1031-31Ç1 Polycrystalline; fine fused 
grain 

Not given 

Telemicroscope method 

¿1 Wachtman, Jr., J.B. 
Scuderl, T, 0., 
Cleek, G. W. 

239 O-I98O Polycrystalline; 604 lb/ft3; 
Al, Mg and SI of 0.01 to 0.1#; 
cold pressed and sintered 
(Norton Co.) 

Interferometer method 

0 Or?In, ’. F., and 
Cam} bel. . W. J. 

247 540-2438 99.95¾ Th02; 605¾ Th02 and 40# 
platinum powder mixed and 
placed on aluminum sample 
holder; (isotropic) 

X-ray diffraction method Platinum reflection used for 
furnace alignment and cali¬ 
bration 
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Sy 

Thorium Dioxide 

Specific Heat 

500 

Temperature, 0Kelvin 

1000 1500 2500 

0.084 

0.072 

0.060 
Où 
o 

JQ 

□ 0.048 
CD 

0.036 

Ä s 
a 

VI 
0.024 

00 

LJ. 

o.üSit 

t 
0.072 

O.O6O 

0.01(8 -S 

0.036 

0 
« 
X 

ï 
0.024 

0 400 BOO 1200 I6OO 2000 2400 2800 3200 3600 4000 4400 4800 

Temperature, °Rankinc 

Sym¬ 
bol 

Investigator 

Osborne, D. W«, 
and Westrum, Jr. 
E. P. 

Hoch, M., and 
Johnston, H. L. 

Ref. 

164 

242 

Range, °R 

80-540 

2634-4950 

Test Sample 

Polycrystalline; 0.015# max. 
rare earths; 0,005# ea. Al, 
Si02; 0.004# La; < 0.005# 
thers 

ThOg; (Maywood Chemical Co. 

Test Method 

Guarded sample method 

Remarks 

Drop method (Mixtures) Author accuracy within 1-2# 
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Thorium Dioxide 

f.v 

► 

i 

X 

r!''- 

* 

« 

< 

4 

Total Normal Emittance 
Temperature, °Kelvin 

0 
« c 

0 
3= 

O 
E 
0 
Z 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Sully, A. H., 
Brandea, E. A#, 
Waterhouse, R. B. 

095 I2IO-I925 Pure Totally enclosed specimen 
method 
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X 

Thorium Dioxide 

Compressive Strength 

500 
280 

Temperature, 0Kelvin 

1000 1500 2500 

240 

uT 200 
a 

0) 
c 
0) 

01 

* 120 

0) 
a 
E 
o 
U 80 
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X 
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a 

1 -< t_ 
400 300 1200 l600 

15000 

E 

o> 

0> 
c 

■loooo 2 
V» 

•5000 

0> w 
a 
E 
o 
o 

2000 2400 2800 

Temperature, "Rankine 
3200 3600 4000 4400 4C00 

Sym¬ 

bol 

O 

□ 

Investigator 

Bradshav/, W. 0., 
and Matthews, C.0, 

National Beryllia 
Corporation 

Ref. 

029 

04 g 

Range, °R 

530-3192 

527-2Ó51 

Test Sample 

Not given 

Polycrystallinej 9996 pure 

Test Method 

Not given 

Not given 

Remarks 

Sales literature 
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Sym¬ 
bol 

Investigator Rei. Range, °R Test Sample Test Method Remarks 
irt 

ma 

- It 

fc ^ 

y 1 

H 

> 

□
 

O
 

Vasilos, T., and 
Klngery, W. D. 

Vasilos, T., and 
Klngery, W. D. 

McNamara, E. P., 
Franc Is, H, K., 
Tlnklepaugh, J. R. 

004 

004 

086 

672-1932 

1392-2472 

851-1931 

Polycrystalline: 25^ Ib/ft3; 
4,45¾ porosity; 80.650 Ti, 
19.0¾ C, 0.4£ 02j fired at 
2000°C 

Polycrystalline; 2l8 lb/ft-; 
18,8$ porosity; 8o,6fí Ti, 
19.0¾ C, 0.4$ Ooî fired at 
2000°C 

Polycrystalline; hot pressed 

Comparative method 

Prolate spheroidal method 

Comparative method Data not legible 

i 
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Titanium Carbide 

Linear Thermal Expansion 
Temperature, 0 Kelvin 

e 
a 

c 
0 
•j 
c 

Ë 
É 

0 
« 
c 
3 

Sym¬ 
bol 

Investigator Re». Range,0 R Test Sample 

O Mauer, F. A., and 
Bolz, L. H. 

163 
and 
219 

532-2370 Polycrystalline; 19.23# 
total carbon, 0.24^ free 
carbon 

□ Gangler, J. J. 
and 
dangler, J. «T., 
Hobards, C. F.» 
Mc Niait, J. E. 

220 
and 
221 

528-1560 Polycrystalline; 295.3 1b/ 
ftJ; 17.07# combined carbon 
2.76# free carbon; hot 
pressed In graphite mold 

Test Method 

X-ray diffraction method 

Remarks 

Dilatometer - 
» Interferometer method 

A Engberg, C. J., 
and Zehms, E. H. 

021 2292-4Ö00 Polycrystalline; 293 lb/ft^; 
hot pressed 

Telemicroscope method First run 

V Ehgberg, C. J., 
and Zehms, E. H. 

021 2292-4800 Polycrystalline; 293 Ib/ft^* Telemlcroscope method Second min 

Neel, D. S„, and 
Pears, C. D. 

106 535-4430 Polycrystalline Dilatometer method 

Selbel, H D., 
and Mason, 0. L. 

O63 1260-3260 Polycrystalline; 294 Ib/ft^; 
obtained from Firth Stirling, 
Inc , 

Dilatometer method Author accuracy ±5# 
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Titanium Carbide 

Specific Heat 
Temperature, 0 Kelvin 

0 500 1000 1500 2000 2500 

Temperature, °Ranlc¡ne 

Sym 
bol 

Invettigator Ref. Range, °R Test Sample 

O Kelley, K. K. 222 90-530 Polycrystalllne; 96,0¾¾ TIC 
1.82?! TIOg, 0.0!* Tin, 0.0¾¾ 
unaccountable 

Test Method Remarks 

Guarded sample method Data corrected for 
impurities 

□ Naylor, B. 223 550-3220 Polycrystalllne; 300 lb/ft3¡ 
99.0^ TIC, O.kÿj unreacted Tl, 
prepared by heating powdered 
Tl with 99.7# pure C In 
vacuum to 1300ÕC 

Not given 

A Neel, D. S., and 
Pears, C. D, 

107 960-4460 Not given Dilatometer method 

V 
Bender, S. L., 
Drlekorn, R. £., 
et il. 

257 3641-4511 95# TIC 4 others; 0.50 In. 
dia. X 4.0 In. long 

Pulse method Optical pyrometer temp, 
measurement 
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Titanium Carbide 

Total Normal Emiltance 

500 

Temperature, 0 Kelvin 

1000 1500 2500 

1.0 

0.8 

c 
o 
£ 0,6 

o 
Z 

O.i* 

0.2 

a 0 

( > 

(1 3 

c ) < > c > 

0 

< 

1.0 

0.8 

0.6 z 

o.u 
0 z 

0,2 

noo 300 1200 1600 2000 2400 2800 

Temperature, 0Ranlcine 

3200 3600 4000 4400 4800 

Sym¬ 
bol 

Investigator 

Neel, D. S., and 
Pears, C, D, 

Ref. 

107 

Range, °R 

1460-,4300 

Test Sample 

Not given 

Test Method 

Enclosed specimen method 
(fixed) 

Remarks 
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Titanium Dioxide 

Thermal Conductivity 

0 500 

Temperature, "Kelvin 
1000 1500 2000 2500 

3 s 

> I 
3 

"O 
c 
o 
u 

Temperature, "Rankine 

Sym- 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

□ 
A 

V 

Û 

Û 

b 

D 

D 

Duessem, W. R., 
and Bush, E. A. 

Bueasem, W, R., 
and Bush, E. A. 

Kingery, W. D., 
and Norton, F. H. 

Kingery, W. D., 
and Norton, F, H. 

Charvat, F. R. 

Charvat, F. R. 

Charvat, F. R. 

Thlelke, N. R. 

Thlelke, N. R. 

Raytheon Company 

Kingery, W. D., 
Franc'», J., Coble, 
R. L.. Vaallos, T. 

Smoke, E. J., and 
Koenig, J. H. 

031 

031 

165 

165 

068 

068 

068 

096 

096 

113 

062 

026 

840-1830 

610-I660 

800-1920 

1200-2020 

905-1661 

851-1931 

815-1913 

862-2061 

637-1636 

815-2795 

851-2651 

56O-76O 

Polycrystalline; dense 100# 
TÍO2; 0.1# porosity, 247 

ib/rt3 

Polycrystalline; porous TiOo 
17.1# porosity, 207 lb/ft’ ¿ 

Polycrystalline; sintered; 
2.1# porosity 

Polycrystalline; sintered; 
3.0# porosity 

Polycrystalline; porosity 
2.1# ; fired in a Globar 
furnace 

Polycrystalline; 2.1# porositÿ 
fired in a Globar furnace 

Polycrystalline; 5.7# porositji 
fired in a Globar furnace 

Polycryatalline; o.l# porosity 
246 lb/ft3j dense T102 

Polycrystalline; 17tl# 
porosity; 206 Ib/ft-3; porous 
tio2 

Commercial grade 

Polycrystalline; 3.5# porosity 
257 lb/ft3j prepared by cal¬ 
cining commercially pure TiOo 
at 1000°C, ground and slip 
cast 

Polycryatalline; 255 Ib/ft3; 
TIO2 oxidized 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Comparative method 

Comparative method 

Not given 

Not given 

Not given 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Not given 

Prolate spheroidal method 

Comparative method 

Before heating 

After heating 

Sales literature 
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Titanium Dioxide 

Linear Thermal Expansion 

1.4 

0) 
a 

c 
o 

*5 0.8 
c 
Ö a 
X 

0 o., 
E 

6 0.4 
£ 
c 

0.2 

500 

Temperature, 0Kelvin 

1000 1500 

aça B 

1¾ 
3Ê 

«i 

el? i 

a 

2500 
1.4 

1.0 

400 000 1200 1600 2000 2400 2800 

Temperature, °Ranlc¡ne 
3200 36OO 4000 4400 4800 

c 

e 
a 

0.8 -a 
c 
0 
a 
X 

0.6 

0.4 

o 
E t- 
a> 

í 

0 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sam pie Test Method 

O Mason , C. R. , 
Walton , J. D., 
Bowen, M. D., 
Teague, W. T., 
Murphy, C. A. 

078 563-2161 Polycrystalline; 198 lb/rt3 
arc sprayed titania 

Interferoneter method 

Remarks 

□ Whlttemore, Jr., 
0. J. , and Ault, 
N. N. 

044 1031-3191 Polycrystnlllne; coarse 
fused grain 

Telemicroscope method 

A Mauer, F. A., and 
Bolz, L. H. 

166 520-2600 Hot given Interferometer method 

V Mauer, F. A,, and 144 
Bolz, L. H. 163 

166 
167 
and 
168 

i10-2340 Polycrystalline; fired, 
ground and sintered 

X-ray diffraction method Expansion averaged along 
"A” and "C" axes to 
represent polycrystalllne 
solid 

^ Bunting, E. N., 
Shelton , G . R., 
Creamer, A. S. 

û Navias, L. 

265 530-2100 Commercially pure grade Interferometer method 

170 490-2070 Polycrystalllne; 90# T10P, 
3.4# each of CaTlS105 , MgO 
and BeO 

Comparative method 

0 Mauer, F. A., and 
Bolz, L. H. 

163 550-1260 T10i,97 (oxygen deficient 
rutile) 

X-ray diffraction method 

Cl Ricker, R, V/,, and 
Hummel, F. A. 

154 80O-I88O 100# T102; fired 10 hours at 
approximately 1500°C 

¿i Ricker, R. W., and 
Humme1 , F. A. 

154 ‘jGO-1200 100# TlOoî fired 18 hours at 
1080°C 

D Charvat, P. R. 068 633-3047 Polycrystalllne; fired In a 
Olobar furnace 

D 
Grain, 0. F,, 
and Campbell, W.J, 

247 539-2490 99.9# TiOp (anisotropic); 
mixture 6fi# T10¿> and 40# 
plitlnum powder heated at 
1200°C for 6 hr. 

Interferometer method 

Interferometer method 

Not given 

X-ray diffraction method Platinum reflection used 
for furnace alignment and 
calibration; measured along 
"A" axis 
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P. 

1 

Titanium Dioxide 

Specific Heat 

500 

0.28 

Temperatur«, °Kelvin 

1000 1500 2000 2500 

0.24 

0.20 

2 0.15 

a 
® 

X 

•S 
0.12 

0.08 

0.04 

a t in a' rJ T 

A? r û 

^5- 
i- 

8 
r 

xr 

"■ V. •- 

; 

l^l 

J . 

Í r 

0.28 

0.24 

0.20 

0.16 

a 
« 
X 

0.12 

*= 
S 
a 

wt 

0.08 

0.04 

400 800 1ÓOO 2000 ^400 2800 

Temperature, °Rankine 

3200 36OO 4000 4400 4800 

Sym¬ 
bol 

D 

A 

Investigator 

Shomate, C. H. 

Shomate, C. H, 

Arthur, J. S, 

Lletz, J. 

Lletz, J. 

Ref. 

171 

171 

094 

172 

172 

Range,0 R 

90-540 

90-470 

530-1930 

700-1800 

540-2140 

Test Sample 

Polycryatalllne; 242 lb/ft3 
99.35s TIO2, 0.3Í H20 
(Anataoe) 

Polycryatalllne; 2S5 Ib/ft^ 
99.7¾ TIO2 (Rutile) 

Not given 

Polycryatalllne; 244 Ib/ft^ 
TIO«» X-ray showed only lives 
of Anatase, Synthetically 
prepared from doubly dis¬ 
tilled TÍCI4 

Polycrystalline; 259 lb/ft3 
TlOo (Rutile), X-ray showed 
no lives of Anatase. Syn¬ 
thetically prepared from 
doubly distilled TICI4 

Test Method 

Guarded sample method 

Guarded sample method 

Drop method (Mixtures) 
modified 

Drop method (Mixtures) 

Drop method (Mixtures) 

Remarks 

Corrected for H2O. 
Author accuracy ±0,3# 

Corrected for HpO. 
Author accuracy^±0.3# 

Doubtful accuracy 
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Titanium Dioxide Powder 

Apparent Thermal Conductivity 

0.00001 

0.1 

0.0001 0.001 

Pressure, mm Hg 

0.01 0.1 10 100 1000 

>• 
«- 

*> 

3 
“O 0.001 

o 
u 

^.0.0001 
c 
o 

o 
a 
a 
< 

10 Ä —V 

12 
"c X 
O ^ 
U — 

0.1 

o 
a 
a 
< 

0.00001 0.0001 0.001 0.01 0.1 1 

Pressure, mm Hg 
10 100 1000 

Sym¬ 
bol 

Investigator 

Pulk, M. M. 

Ref. 

105 

Range, °R 

342 

Test Sample 

Titanium dioxide powder, 21.8 
lb/ft3; particle size 1,100 A 

Test Method 

Cylindrical envelope 
method (Radial heat flow) 

Remarks 

Temperature: 547° to 137°R 
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Titanium Nitride 

Thermal Conductivity 

500 

Temperature, °Kelvin 

1000 1500 2500 

14 

£ 10 

3 

Sã 

>• 
.¾ 
> 

3 
■o 
c 
0 
u 

o- C\ 

A 
A 

A 

£ 

7“ i !k 

t i 

£ 
l □ 

n 
u 3 
0 

] □ 
j 

Û ' 

-0.05 

-0.04 

0 

E 
V 

2 tfi 
\ 

0 

t).03 >* 

*> 

« 
3 
"D 

O 
U 

-0.01 

400 8OO I6OO 2000 2400 2300 

Temperature, °Rankine 
3200 36OO 4000 4400 4800 

Sym¬ 
bol 

Investigator 

Vasilos, T., and 
Klngery, W. D. 

Va-iloo, T., and 
Klngery, W, D. 

Neel, D. S., 
Pears, C. D., 
Oglesby, Jr., S. 

Ref. 

274 

Range, °R 

850-2110 

1390-2470 

1070-4975 

Test Sample 

Polycrystalline; 19.0# poros- 
it’-; 77.8# Ti, 18.2# N, 2.6# 
Op, 1.4# others; fired at Opj 1.4 
2100°C 

Polycrystalline; 19.8# poros¬ 
ity; 77.6# Tl, 18.2# N, 2.6# 
02* 1.4# others; fired at 
oionòr 2100°C 

Polycrystalllne; 225 lh/ft^ 
hot pressed 

Test Method 

Comparative method 

Prolate spheroidal method 

Cylindrical envelope 
(Radial heat flow) 

Remarks 

Author accuracy within 10#; 
deterioration at 4700°P 
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Titanium Nitride 

Linear Thermal Expansion 

500 

Temperature, 0 Kelvin 

1000 1500 
0.72 

2500 

0.60 

• 0.^8 

S. 
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’5 0.36 
c 
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a 
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a 0.2^ 
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a 0.12 
e 
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ma 

--0.12 

0.72 

0.60 

0.^8 

, o 
0.36 ‘5 

X 

0.24 D 
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0.12 O 

c 
a 

400 800 1200 l60G 2000 2400 2800 3200 36OO 

Temperatur«, 0 Rankine 

4000 4400 4800 
■0.12 

Sym¬ 
bol 

O 

Investigator 

Neshpor, V. S., 
and Samsonov, 
0. V. 

Neel, D. S., 
Pears, C. D., 
Oglesby, Jr., S. 

Ref. 

217 

274 

Range, °R 

530-680 

530-5160 

Test Sample 

Not given 

Polycrystalline; 225 lb/ft^; 
hot pressed 

Test Method 

Not given 

Dilatometer method 

Remarks 

Deteriorated at 4700° 
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• I 

..¡i.Pi.... 

Titanium Nitride 

Specific Heat 

500 
0.88 

Temperature, e Kelvin 

1000 1500 8000 8500 

0.84 

0.16 

0.00 

0.04 

□ A A 

A □ 
A 

□ < > o 

r u 
u 

c 
< ) “fct 

□ 
0 

1 

Sym¬ 
bol 

D 

A 

Investigator 

Naylor, D. F. 

Neel, D. S., 
Pears, C. D., 
Oglesby, Jr,, 

Bender, S. L., 
Drlekorn, R, E, 
et al. 

Ref. 

883 

874 

857 

Range, °R 

540-3840 

960-4960 

3694-4588 

Test Sample 

Polycrystalllne; 327 
77.045É T1, sample wan 99.6ît 
TIN, with SIN as major Im¬ 
purity; prepared by heating 
powdered Ti In purified Np 
gas at 1000°C and 10 hr. 
at 1400*C 

Titanium nitride; 225 Ib/ft^j 
3/** In, dia. X 3/^ In. long 

Not given 

Test Method 

Drop method (Mixtures) 

Drop method ( Mixtur*s) 

Pulse method 
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[R 

Titanium Nitride 

Total Normal Emittance 
Temperature, °Kc 

J 0 0 500 1000 1Î 

Ivin 

00 2C )00 25 00 
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E 
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(. 
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< > c i 

J 

c » 

o 
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« 0 

z 0.Ü 

“5 
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V__w 

r? ’ 

0.2 

1 

C 1 < ) 

1 

1 

400 GOO 1200 1600 2000 2400 2200 3200 3600 6000 4400 4800 

Temperature, °Ranl(ine 

rj 

f*; 

1 
k '■“i 

■ 

i*« 

1 

'1 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

ï* 

las' 1 

iiv‘ * 

O i.?el, L, S., and 
Pearn, C. D, 

107 1510-4600 Hot civen Enclosed specimen method 
(fixed) 

'1 
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oc 
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3 
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> 
I 
3 

T3 
C 
O 
u 

“o 
E 

i 

f 
tr 

500 

Temperature, °Kelvin 
1000 1500 

9 

c c 

A A 

trcr 

400 ‘ 800 " 1200 . 1600 2000 2400 2800 

Temperature, 0Rankine 

Uranium Dioxíde 

Thermal Conductivity 

í. 

2500 

3200 3600 4000 4400 

-0.025 

•0.020 

e 
IA 

O 
u 

0.015 Ü? 
'> 

Z 
3 

*D 
C 
O 

0.010^ 
"5 
E 

.0.005 

800 

Sym¬ 
bol 

Investigator Ref. Range, 0 R Test Sam pie Test Method 

O Klngery, W.D., 
Prancl, J., Coble, 
H0 L., Vasllos, T. 

062 851-2291 Polycrystalllne; 26-75¾ 
porosity; 499 Ib/it’; cast 
from suspension prepared by 
the Argonne National Labora- 
tory, fired at 1930°C 

Comparative method 

Remarks 

□ Reiswlg, R, 072 1990-4293 Pressed from flail Inc krodt 
PWR-grade powder, sintered 
to 855¿ theoretical density 

Cylindrical envelooe 
method (Radial heat flow) 

A Scott, R. 097 1931-2561 

V Lambert son, V/. A., 174 
and Handwerk, J.H. 

68O-23OO 

Polycrystalllne; 655 lb/ft3; 
hydrostatically pressed with¬ 
out binder oxygen/uranium 
ratio 2.00 ± .005, results 
corrected to theoretical 
density 

Polycrystalllne; 504 Ib/ft^ 

Cylindrical envelope 
method (Radial heat flow) 

Not given 

Author accuracy ±10£ 

Norton, F. H., and 
Kingery, '7. D, 

176 

Û 

0 

Rauch, W. G. 177 

Boegli, J. S., and 
Delssler, R. G, 

178 

Ó90-1040 

620 

OÖ0-1570 

0 Boegli, J. s., and 
Delasler, R, G. 

178 760-1680 

A Boegli, J. S., and 
Delssler, R. G. 

178 660-1970 

D Boegii, J. S., and 
Delssler, H, G. 

178 67O-I38O 

Polycrystalllne; 375 Ib/ft^ 
porosity 450 

Polycrystalllne; 639 lb/ft^ 

Porosity 40-1/20; 398 lb/ft3 
U02 powder, pass 0.0059 Inch 
mesh, 590 on 0.0041 Inch mesh 
410 on 0,000748 Inch mesh 

Porosity 40-1/20; 398 lb/ft3 
U02 powder, pans 0.0059 Inch 
mesh, 590 on 0.0041 inch mesh 
410 on 0.000748 inch mesh 

Porosity 40-1/20; 39« lb/ft3 
UO2 powder, pass 0.0059 inch 
mesh, 590 on 0,0041 inch mesh 
410 on 0.00748 Inch mesh 

Poiosity 40-1/20; 398 lb/ft3 
U02 powder, pass 0.0059 Inch 
mesh, 59,¾ on 0,0041 inch mesh 
410 on 0.000748 Inch mesh 

Prolate spheroidal method 

Comparât!.e method 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

He at 59.3-136.9 psla 

N2 at 49.3-83.3 pala 

A at 44.3-94.4 psla 

He and A volume ratio of 
0.953 to 1, 39.4-96.3 psla 
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Uranium Dioxide 
Thermal Conductivity 

Sym 
bol 

D 

Investigator 

Boegll, J. S., 
Delssler, n. G. 

Ref. Range, °R Test Sample 

and 178 670-1470 Porosity 40-1/255; 398 lb/rt3 
UO2 powder, pasa 0.0059 inch 
mesh, 5¾¾ on 0.0041 inch mesh 
4l£ on 0.000748 inch mesh 

Test Method Remarks 

Cylindrical envelope He and A volume ratio of 
method (Radial heat flow) 1.875 to 1. 47.3-84.3 pala 

V Boegli, J. S., and 
Delssler, H. G. 

178 670-1680 Porosity 40-1/255; 398 lb/ft3 Cylindrical envelope 
U02 powder, pass 0.0059 Inch method (Hadlal heat flow) 
mesh, 59^ on 0,0041 inch mesh 
4l^ on 0.000748 inch mesh 

Xe and Kr volume ratio of 
4.098 to 1. 18.8-74.3 pala 

Boegll, J. S., and 
Delssler, R. G. 

178 

Relswlg, R. 072 

o Bethoux, 0., 
Thomas, P., 
Well, L. 

112 

670-1530 Po 'oslty 40-1/2TÎ; 393 lb/ft3 Cylindrical envelope 
U02 povfder, pass 0.0059 Inch method (Radial heat flow) 
mesh, 59T- on 0.0041 Inch mesh 
41* on O.OOO740 Inch mesh 

2081-4292 tlEka of UOp pressed from 
Ma 111nckrodt PWR-grade 
powder, sintered In dry 
hydrogen and ground flat 

Cylindrical envelope 
method (Radial heat flow) 

7-522 Apparent density, 623 lb/ft3 
grain size 5 to 20 microns 

Not given 

He and A volume ratio of 
0.333 to 1. 46.3-84.3 psla 

Density * 85* theoretical, 
error estimated at 10-15* 
m.'.xlmum 
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1.2 

0.8 

a 

o s* 
c 
s. 
X 

0.6 

0.4 

0.2 

-0.2 

500 

Uranium Dioxide 

Linear Thermal Expansion 
Temperatur«, ° Kelvin 

i<yx> 1500 2500 

0 
.0 

-s 

i; 
0 

■j 

O jjj 
. 

' a 7 

£ TV 

is ^ 

— 

1.0 

0.8 

0.6 

0.4 

0.2 

0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 

Temperatur«, ° Rankine 

c 
O 
M 
C 
a 
a 
X 

Sym¬ 
bol 

Inveitigator Ref. Range, ° R Test Sample Test Method Remarks 

□ 

A 

V 

Lambertflon, W. A., 
and Handwerk, J. H, 

Murray, P., and 
Thackray, R, W. 

Murray, P., and 
Thackray, R. W. 

Murray, P., and 
Thackray, H. W. 

174 

179 

179 

179 

680-2200 

850-2110 

850-2120 

1210-2110 

Polycryatalllne; 574 lb/ft3 
slip castj 99.8i U02, 0.083* 
MgO, 0.002* AlgOo, 6.001* 
each of CuO, Fe203, S102 

Polycryatalllne; 450 lb/ft3; 
sintered 

Polycryatalllne; 450 lb/ft3; 
sintered 

Polycrystallir.e; 63I lb/ft3; 
UO2.13 »intered 

Interferometer method 

Interferometer method 

Interferometer method 

Interferometer method 

First specimen 

Second specimen 

Thewlla, J, 180 92O-I78O Not given X-ray diffraction method 
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Investigator Ref. Range, ° R Test Sample Test Method Remarks 

O Moore, G. E., and 
Kelley, K. K. 

iBl 540-2700 Polycrystalllne; U02 88,2656 U Drop method (Mixtures) 
/-i 
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P*' 
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Vermiculite 

Apparent Thermal Conductivity 
Temperatur«, “Kelvin 

Temperature, “Rankine 

Sym¬ 

bol 
Investigator Rel. Range, °R Test Sample Test Method Remarks 

û 

û 

Ci 

A 

O 

Chow, C. S. 

Chow, C. S. 

Chow, C. S. 

Rowley, ?. B., 
Jordan, R, C. 
Lander, R. M. 

Zonolite Company 

Eusner, G. R., 
and Shapüand, J.T 

Eusner, G. R., 
and Shapland, J.T 

Eusner, G. R,, 
and Shapland, J.T 

Eusner, G. R., 
and Shapland, J,T 

Eusner, G, R., 
and Shapland, J.T 

067 

067 

067 

039 

050 

254 

254 

254 

264 

337 

337 

166-493 

413-560 

160-1660 

910-1560 

910-2410 

910-1410 

910-1410 

660-1310 

Vermiculite (expanded), 
9,0 Ib/rt^, graded 4-10 
rne s h 

Vermiculite (expanded), mixíd, 
9.8 lb/ft3j 7.9^, 3-4 mesh} 
25.6/,, 4-10 meshj 65.6/, 10- 
l4 mesh 

Vermiculite (expanded), 
13.5 lb/ft-3; graded 10-14 
mesh 

Expanded uermiculite fill; 
8.2 Ib/it-3; specimen Inside 
a 1.0 In. thick container; 
moisture content as received 

Vermiculite, granular; 8-12 
Ib/ft-3; "Vermiculite Grade 
No. 4" (Zonollte Company) 

Vermiculite; 83.6/ porosity; 
21.4 lb/ft3; 12 in. X 12 In. 
X 3 In. block 

Vermiculite; 84/ porosity; 
22.6 Ib/ft3; 12 In. x 12 In. 
X 3 In. block 

Vermiculite; 88.5/ porosity; 
IB.] 1 b/rt-3; 12 In. x 12 In. 
>. 7 In. block 

Vermiculite; 85.1/ porosity; 
23.8 lb/ft3; 12 In. x 12 In 
x 3 In. block 

Vermiculite ; 28.1 lb/rt3; 12 
In, x 12 In. x 3 In. block 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Cylindrical envelope 
method (Radial heat flow) 

Guarded single plate 
method 

Not given 

Guarded single plate method 

Guarded single plate method 

Guarded single plate method 

Guarded single plate method 

Guarded single plate method 

Cold temperature; -l8l°C 
conductivity calculated from 
reference temperature and 
temperature at various radii; 
tests at atmospheric pressure 

Cold temperature; -l8l°C 
conductivity calculated from 
reference temperature and 
temperature at various radii; 
tests at atmospheric pressure 

Cold temperature; -l8l°C 
conductivity calculated from 
reference temperature and 
temperature at various radii; 
tests at atmospheric pressure 

Test chamber partially de¬ 
humidified at atmospheric 
pressure 

Data from pointa on salea 
literature curve based on 
tests of company's research 
laboratory 

Latu taken from smoothed 
curve 

Data taken from smoothed 
curve 

Data taken from smoothed 
curve 

Data taken from t: moo the 
curve 
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Vermiculite 

Apparent Thermal Conductivity 

0.00001 

0.1,- 

0.0001 0.001 

Pressure, mm Hg 

0.01 0.1 10 100 1000 

> 

z 
3 

TJ 0.001 
c 
0 
u 

*.0.0001 
c 
5 

0 
a 
a 
< 

0.00001 
C.00001 0.001 

o 

E 

1° >■ ^ 

>o 
€ O 

-o w 
c ^ 
o ___ 
u 

0.1 ^ 

0.01 0.1 

Pressure, mm Hg 

1000 

Sym¬ 

bol 

O 

□ 

Investigator 

Pulk, M. H. 

Pulk, M. M. 

Pulk, M. H. 

Ref. 

105 

105 

105 

Range, °R 

3112 

3^2 

3^2 

Test Sample 

Vermiculite, expanded mica, 
granular, 9.4 Ib/ft-3, -<20 
♦ >30 meah 30#, <-30 ♦> 15 
mesh 70# 

Vermiculite, expanded mica, 
granular, 9.4 Ib/ft^, -<20 
♦ >30 meah 30#, <-30 ♦>15 
meah 70# 

Vermiculite, expanded mica, 
granular, 9.4 lb/ft3, -<20 
♦ >30 meah 30#, <-30 ♦>15 
meah 70# 

Test Method 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Cylindrical Envelope 
Method (Radial Heat Flow) 

Remarks 

Temperatureî 547°R to 137°R# 
specimen 1 In. thick, walls 
emisslvity > 0.8, pressure 
<10"^ mm. Hg 

Temperaturei 547°R to 137°R» 
specimen 1 in. thick, walla 
emisslvity >0.8, pressure 
nitrogen 628 mm. Hg 

Tinnperature! 547°R to 137°R, 
specimen 1 in. thick, walls 
emisslvity > 0.8, pressure 
helium 628 mm. Hg 
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Vermiculite 

Linear Thermal Expansion 
Temperature, °Kelv¡n 

Temperature, °Rankine 

rr- 
Sym¬ 
bol 

Investigator Ref. Range, 0R Test Sample Test Method Remarks 

< 
>
 
□ 

o Eusner, 0. R., and 
Shapland, J. T. 

Euaner, G. R., and 
Shapland, J. T. 

Eusner, G. R., and 
Shapland, J. T. 

Eusner, G. R., and 
Shapland, J. T. 

25^ 

25*1 

254 

25*4 

1960-2360 

1960-2360 

1960-2360 

1960-2360 

Vermiculite; 83.6% porosity: 
21.8 lb/rt3 

Vermiculite; 8¾% porosity; 
22 lb/ft3 

Vermiculite; 85.1% porosity; 
23.8 lb/rt3 

Vermiculite: 88.5% porosity; 
18.1 lb/ft! 

. . 

Dilatometer method 

D1.1 itometer method 

Dilatometer method 

Dilatometer method 

Average Tor 3 directions 

Average for 3 directions 

Average for 3 directions 

Average for 3 directions 

. 
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Vermiculite 

Compressive Strength 

c 
\ 
-Q 

0> 
C 
o 

80 

•3» 60 

a 
E 
0 
u uo 

250 

Temperature, 0Kelvin 

500 750 1250 

7.50 

5.00 z 

2.50 

a 
E 
0 
u 

400 6OO 8OO 1000 1200 1400 

Temperature, 0Rankine 
1600 1800 2400 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

Eusner, Q. R., and 
Shapland, J. T. 

Eusner, G, R,, and 
Shapland, J. T. 

254 

25^ 

680-2360 

680-2360 

Vermiculite; 88,556 porosity; 
18.I lb/ft3 

Vermiculite; 83.656 porosity; 
21.9 lb/ft3 

Not given 

Not given 
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r,* 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

t- 

L »! 
K 

I 

0 Rowley, F, B., 
Jordan, R. C., 
Lander, R. M. 

039 410-560 Vermiculite board, I8.9 lb/ 
ft-3, specimen 1 In. thick 
moisture content as received 

Guarded hot plate method 
(Twin plate) 

Test chamber partially de¬ 
humidified at atmospheric 
pressure, temperatures not 
stated 
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Apparent Thermal Conductivity 
Temperature, 0Kelvin 
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Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

0 Gray , V. H., 
Gelder, T. F., 
Cochran, R. P. 
Goodykoont z, J. H. 

093 162-364 Balsa wood; 8-12 lb/ft3; 
specimen 1/4 in, thick 
(Balsa wood, Ecuador, AA 
grade) 

Guarded hot plate method 
(Twin plate) 

Cold temperature, -321°Fj 
author’s estimated error 
in data less than 12#; air 
at 1 atmosphere 

< 

250 
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Investigator Ref. Range,0 R Test Sample Test Method Remarks 
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□
 

O
 

Rowley, P. B., 
Jordan, R. C., 
Lander, R. M. 

Rowley, P. B., 
Jordan, R. C., 
Lander, R. M. 

Rowley, P. B., 
Jordan, R. c.. 
Lander, R. M. 

039 

039 

039 

410-560 

400-550 

419-560 

Aerated wood fiber mat, com¬ 
position not given; 1.7 lb/ 
ft-*; test sample 1.0 In. 
thick, moisture content as 
received 

Wood fiber blanket, conrnoal- 
tlon not given; 3.5 lb/Tt3; 
test sample 1.0 In. thick; 
moisture content as received 

Wood fiber Excelsior: compo¬ 
sition not given; 1.84 lb/ft3 
test sample 1.0 In. thick; 
moisture content as received 

i 

Guarded hot plate 
(Twin plate) 

Guarded hot plate 
(Twin plate) 

Guarded hot plate 
(Twin plate) 

Test chamber partially de¬ 
humidified at atmospheric 
pressure; temperature 
difference not giver. 

Test chamber partially de¬ 
humidified at atmospheric 
pressure; temperature 
difference not given 

Test chamber partially de¬ 
humidified at atmospheric 
pressure; temperat’ire 
difference not given 

r 

► 
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Wood Fiber Board 

Apparent Thermal Conductivity 
Temperature, °Kelvin 

0 125 250 375 500 625 

>ym 
bol 

O 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

Rowley, F. B., 
Jordan, R, C,, 
Lander, R, M. 

039 411-535 Wood fiber board (composi¬ 
tion and resin not specified) 
15.7 lb/ft3; 3/4 in. 
specimen 

Guarded hot plate method 
(Twin plate) 

Test chamber partially de¬ 
humidified at atmospheric 
pressure, temperatures not 
stated 

□ Rowley, F. B., 
Jordan, H. C. 
Lander, R, M. 

039 411-5 a Wood fiber board (composi¬ 
tion and resin not specified) 
15.7 lb/ft3; 3/4 in. 
specimen 

Guarded hot plate method 
(Twin plate) 

Test chamber partially de¬ 
humidified at atmospheric 
pressure, temperatures not 
stated 

A Howley, F. B., 
Jordan, R. C., 
Lander, R. M. 

V Spoil, S. 

039 412-1*85 

195 '*60 

Wood libar board (composi¬ 
tion and renin not specified) 
15.7 lb/ft3; 3/4 In. 
specimen 

Guarded hot plate method 
(Twin plate) 

W_iod ^iber bo.v’dj "Roofinsul" 
(Johns-Manville) 

Guarded single plate 
method 

Test chamber partially de¬ 
humidified at atmospheric 
pressure, temperatures not 
stated 

Temperatures not stated 

Spell, 195 340 Wood fiber board; 13.3 lb/ 
ft-; "Roofinsul" (Johns- 
rianvillo) 

Guarded single plate 
method 

Temperatures not stated 

Û jpell, S. 195 :.4o Wood fiber board; 25 Ib/ft^« 
"Roofinsul" (Johns-Manville) 

Guarded single plate 
method 

Temperatures not stated 

Û Spell, S. 195 340 Wood fiber board; 40 lb/ft3* 
"Duraboard" (Johns-Manville) 

Guarded single plate 
method 

Temperatures not stated 
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Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

'«y< 

1 

0 Spell, S. 195 340 Wood fiber cement; 32 Ib/ft^; 
"Thermostone" (Johns-Manville) 

Guarded single plate 
method 

Temperatures not stated 

U 
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Wood - pine 

LV: 
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« 
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Apparent Thermal Conductivity 
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Temperature, °Kelvin 
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>« <•> 
> 

“O 
C o 
U 

■5 
E 

O 
, a. 

Temperature, °Ranl(ii<e 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O Rowley, F0 3., 
Jordan, n. C., 
Lander, R. H. 

039 910-559 Pine wood board, 1-1/4 ln. 
thick, 24.1 lb/ft3 

Guarded hot plate method 
(Twin plate) 

Test chamber partially de¬ 
humidified at atmospheric 
pressure, temperatures not 
stated 
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Wood - plywood 

Apparent Thermal Conductivity 
Temperatur«, "Kelvin 

Sym¬ 
bol 

Investigator Ref Range, °R Test Sample Test Method Remarks 
0 

O 

A 

V 

Rowley, F. D„, 
Jordan, R. C., 
Lander, R. M. 

Rowley, F. B., 
Jordan, R. C. 
Landei, R. m, 

Rowley, F. B., 
Jordan, R. C., 
Lander, F.. M. 

Rowley, F. B., 
Jordan, n. C. 
lender, R. M. 

039 

039 

039 

033 

915-560 

910-559 

910-560 

921-520 

Fir plywood (animal glue 
resin), 3/9-ln. plywood 
specimen; 33.2 Ib/W 

Fir plywood (animal glue 
resin) 1/4-In. plywood 
specimens Í4 specimens): 
31.9 lb/ft3 

Fir plywood (animal glue 
resin), 1/4-in. plywood 
specimens Í4 specimens): 
31.9 lb.ft3 

Fir plywood (animal glue 
resin) 1/4-in. plywood 
specimens Í4 specimens): 
31.9 Ib/ftd 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Guarded hot plate method 
(Twin plate) 

Test chamber partially de¬ 
humidified at atmospheric 
pressure, temperatures not 
stated 

Test chamber partially de¬ 
humidified at atmospheric 
pressure, temperatures not 
stated 

Test chamber partially de¬ 
humidified at atmospheric 
pressure, temperatures not 
stated 

Test chamber partially de¬ 
humidified at atmospheric 
pressure, temperatures not 
stated 



Zinc Oxide 

Thermal Conductivity 
Temperature, °Kelvin 

oc 
o 

£ 

3 
T3 
C 
0 
u 

Temperature, °Rankine 

o 

E 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

0 

o 

A 

Kingery, W. D., 
Prancl, J., 
Coble, R. L., 
'/asilos, T. 

Koenig, J. H. 

Koenig, J. H. 

062 

028 

028 

1211-1931 

570-670 

580-7^0 

Polycrystalllne; 232 
34# porosityî prepared by 
calcining C.P. ZnO at 900°C; 
slip cast from a neutral 
suspension 

Polycrystalllne; 330 Ib/ft^; 
yellow 

Polycrystalllne; 325 lb/rt3; 
fcray 

Prolate spheroidal method 

Comparative method 

Comparative method 
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L1 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 
{•"N 

'f 

O 

□ 

A 

V 

Û 

Ü 

Ci 

Glaser, P. E., 
Merra, S., 
Sepetoskl, W. K., 
Comstock, D. P., 
Emslle, A. G. 

Jones, N. C. 

Jones, N. C. 

Jones, N. C. 

Whlttemore, Jr., 
0. J. 

Whittemere, Jr., 
C. J. 

Norton Company 

Norton Company 

116 

197 

197 

197 

129 

129 

066 

066 

2946-3115 

1650-2460 

1660-2460 

1670-2460 

II6O-23ÓO 

11--0-2360 

1060-3260 

1260-3250 

Polycrystalllne; 12.5^ poros¬ 
ity; stabilized .llrconla ob¬ 
tained from The Norton Com¬ 
pany 

Polycrystalline; 23# poros¬ 
ity; stabilized 04-9!# /rOo, 
4-9# CaO, 0.14-0.75# S102, 
0.2-0.7# FegOo, 0.22-l.a# 
T102 

Polycryntalline; 51/. poros¬ 
ity; stabilized 94-95# ZrOp, 
4-5# CaO, 0.14-0.79# S102» 
0.2-0.7/ FepOo, 0.22-1.0# 
tio2 -3 

Polycrystalllne; 68# poros¬ 
ity; stabilized 94-99# Zr02, 
4-5# Ca), 0.14-0.75# 3i02, 
0.2-0.7# Fe20o, 0.22-1.0# 
T102 

Polycrystalllne; 201# poros¬ 
ity; 250 lb/ft3j 98+# ZrOo ■+ 
CaO, stabilized Zirconia mix 
"No. 148-A-Dense" made from 
14 mesh craln or flier, fired 
at 3230°F 

Polycrystalllne; 50# poros¬ 
ity; 175 lb/ft3; 98+# ZrOp +■ 
CaO, stabilized Zirconia mix 
"No. 187", made from 8 mesh 
Grain or finer, fired at 
3230°F 

Polycrystalllne; 25# poros¬ 
ity; 261 Ib/Pt3; zirconia H 
fused, stabilized 

Polycrystalllne; 58# poros¬ 
ity; 152 Ib/ft-3; Zirconia H 
fused, stabilized 

Not given 

Not given 

Not given 

Not Given 

Guarded single plate 
method 

Guarded single plate 
method 

Not given 

Not given 

Sales literature, values 
taken from .moothed curve 

Sales literature, values 
taken fron smoothed curve 

4 
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Zirconium Dioxide 

Thermal Conductivity 

Sym¬ 
bol 

Investigator Ref Range, °R Test Sample Test Method Remarks 

Raytheon Company 113 536-2876 Stabilized Zirconia Not given Salea literature 

0 Norton Company 

D Klngery, W, D., 
Franc1, J.# 
Coble, R. L., 
Vaslloa, T. 

HO 760-2110 

062 672-3012 

0.63% AlpOu, 0.33* SlOo, 
0.33# Feg03, 0.39# T102, 
0.02# Na02, 3.73# CaO 

Polycrystalline; 12.3-1¾.4# 
porosity; 326-334 Ib/ft^; 
slip cast from suspension of 
finely ground material 

Not given 

Prolate spheroidal method 

C7 Norton Company 110 1260-3060 Norton fused Zirconia grain Not given 

Sales literature, data 
taken from smoothed curve 

Sales literature, data 
taken from smoothed curve 

ts Adams, M. 

C7 ShakhtIn, D. M., 
and Vlshnevskll, 
I. I. 

057 670-2830 

°76 1517-3551 

Polycrystalllne; 7.8-IO5Í 
porosity; 325-334 Ib/ft-3; 
slip cast from suspension of 
finely ground material 

Polycrystalllne; 40# poros¬ 
ity 

Prolate spheroidal method 

Cylindrical envelope 
method (Radial heat flow) 

o ShakhtIn, D. M., 
and Vlshnevskll, 
I. I. 

076 1572-3192 Polycrystalllne; l6# poros¬ 
ity 

Cylindrical envelope 
method (Radial heat flow) 

<3 ShakhtIn, D. M., 
and Vlshnevskll, 
I. I. 

076 2237-2885 Polycrystalllne; 12.3-14.5# 
porosity. 

Cylindrical envelope 
method (Radial heat flow) 

F Moeller, C. E,, 
and Wilson, D. R. 

225 1055-2940 Polycrystalllne; llme-stabll- Cylindrical envelope 
Ized zirconia; 14# porosity method (Radial heat flow) 
(Laboratory Equipment Co.) 

Specimens developed cracks 
during or at end of test; 
accuracy of data uncertain; 
Argon gas; first specimen 

0 Moeller, C. E., 
and Wilson, D. R, 

225 855-2820 Polycrystalllne; llme-stabll- Cylindrical envelope 
Ized zirconia; 14# porosity method (Radial heat flow) 
(Laboratory Equipment Cc.) 

a Qlaser, P. E., 
Merra, W,, 
Sepetoskl, D. W., 
Comstock, D. F., 
Emslle, A. G. 

II6 2669-3172 Polycrystalllne; zirconia; 
12.5# porosity; 1/8 In. 
thick X 3/8 In. dla. and 
1/16 in. thick X 3/8 In. 
dla. (Norton Co.) 

Cylindrical envelope 
method (Radial heat flow) 

a Truesdale, R. S., 
Sv.'lca, J. J,, 
Tlnklepaugh, J.R. 

234 852-1932 Polycrystalllne; zirconia 
HSPCR-50"; (Titanium Alloy 
Dlv., National Lead Co.) 

Comparative method 

0 Bllton, J. L., and 
Rechter, H. L. 

258 785 Flame sprayed Zr02 coating; 
85# theoretical density 

Comparative method 

* Powers, D. J. 

Lowrance, D. T. 

229 995-2125 

267 960-4640 

Zirconia foam; 45 lb/ft3; 
4-1/2 ln. X 4-1/¾ In. x 1/2 
In., crushing strength 65I 
psl (Ipsen Industries) 

Comparative method 

7.09# Y203 + 2.67# Ce02 ♦ 
0.46# CaO; 288 Ib/ft^; 22.58# 
porosity; coarse grain, 
molded, 1 in. dla. x 1 In. 
long (Zirconium Corp, of 
America 

Cylindrical envelope method 
(Radial heat flow) 

^ Lowrance, D. T. 

Cx Lowrance, D. T. 

267 96O-5O6O 

267 1110-4810 

2.17# Lime stabilized Zircon- 
la (molded); 18.6# porosity 
coarse grain; 1 In. dla. x 
1 in. long (Zirconium Corp. 
of America) 

3# Lime stabilized Zirconia 
(molded); 350 Ib/ft^; 0.53# 
porosity; 1 In. dla. x 1 In. 
long (Zirconium Corp. of 
America) 

Cylindrical envelope method 
(Radial heat flow) 

Cylindrical envelope method 
(Radial heat flow) 

Specimens developed cracks 
during or at end of test; 
accuracv of data uncertain; 
Argon gas; second specimen 

Present Instrumentation 
applicable to opaque mater¬ 
ials only. Estimated 
accuracy ±10# 

Data reproducible within 5# 

Heated with silicon carbide 
plate; Mln-K I301 Used as 
comparative standard 
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Zirconium Dioxide 

Linear Thermal Expansion 
Temperature, 0 Kelvin 

Sym¬ 
bol 

Investigator Ref. Range, ‘ Test Sample Test Method Remarks 

□ 

A 

V 

Û 

O 

Ù 

Gangler, J. J. 

Norton Company 

Norton Company 

Saxonburg Ceramics 
Inc. 

Whlttemore, Jr., 
C. J., and Ault, 
N. N. 

Whlttemore, Jr., 
C. J., and Ault, 
N. N. 

Weber, B. C., and 
Schwartz, M. A. 

Weber, B. C., and 
Schwartz, M. A. 

Plerrey, J. 

Plerrey, J, 

188 

066 

066 

OUT 

08? 

087 

198 

198 

540-1260 

660-2860 

860-3220 

671-1751 

IO3I-3191 

IO3I-3191 

545-2633 

527-2705 

1040-4090 

1840-3180 

« w vs jr □ uux a ¿.11c : aD/'Jt-' 

stabilized, 0.16# combined 
C < 0.015Í free C, hot 
pressed In graphite mold 

Polycrystalllne: 255¾ poros¬ 
ity,* 26l/ft3; zirconia H, 
fused, stabilized 

Polycrystal line j 59# poros¬ 
ity; 152 lb/ft3; zirconia I, 
fused, stabilized 

Polyc rye tal line; 0.055¾ poros 
Ity; 300 lb/ftJj stabilized 
Zirconium with 59¾ CaO 

1005« Cubic fused Zirconium 

Coarse fused stabilized 

Zirconia containing 15 mole 
per cent Cerla 

Zirconia containing 15 atomic 
per cent Titanium, sintered 
In vacuo at 3400°P for 1-1/2 
hr. 

Polycrystalllnej 337 lb/ft3; 
approximately 1% Hf0oj fired 
at 1400^0, molded under 
pressure and heated 15 
minuses at 2200°C In air 
stream 

Polycrystalllne; 305 lb/ft^; 
999¾ Zr02, 15¾ BeO of 995¾ 
purity, precipitated from 
solution, washed, dried, com¬ 
pression molded and baked at 
2200*C_ 

Interferometer method 

Not given 

Not given 

Not given 

Telemlcrrscope method 

Telemicroscope method 

Not given 

Not given 

Telemicroscope method 

Telemicroscope method 

Sales literature, values 
taken from smoothed curve 

Sales literature, values 
taken from smoothed curve 

Sales literature. 

Considerable variation 
between heating and cooling 
curves 

Considerable variation 
between heating and cooling 
curves 

Considerable difference 
between heating and cooling 
curves 

Considerable difference 
between heating and cooling 
curves 
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Zirconium Dioxide 

Linear Thermal Expansion 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

V 

Ö 

<3 

F 

a 

a 

o 

Q 

o 

Pierrey, J, 

Pierrey, J. 

Curtis, C. E,, 
Doney, L. M., 
Johnson, J. R. 

Trombe, P, 

Uel, Isao, et al. 

Neel, D. S., and 
Pears, C. D. 

Neel, D. 3,, and 
Pears, C. D. 

l'a eon, C. R,, r-.nc 
Karphy, C. A, 

Shaffer, T. B. 

Crain, C. F., and 
Campbell, W. J. 

Crain, C. P., and 
Campbell, W, J. 

Grain, C. F., and 
Campbell, W, J. 

Lowranee, D. 7, 

Lowrance, D. T. 

198 

198 

150 
and 
151 

131 

199 

107 

107 

073 

O85 

2ln 

2^7 

2ln 

267 

267 

267 

420-3680 

490-3990 

740-2800 

680-1930 

850-2500 

540-4690 

530-4740 

520-2760 

1841 

5/40-2*190 

540-2400 

540-2490 

539-3970 

533-3875 

532-3935 

Polycrystalline; 305 Ib/ft^» 
995¾ Zr02, IfS BeO of 995¾ 
purity, precipitated from 
solution, washed, dried, com¬ 
pression molded and baked at 
2200°C • 

Polycrystalline; 341 lb/ft^; 
pure; melted in arc furnace, 
cast, finely broken, molded 
under pressure and heated 15 
minutes at 2100°C In air 

Polycryotalline; 0,06^ Fe 
0,02$ SI, 0.015# Al, 0. ' 
Hf, 0.006$ Ti, ground to 
pass 325 mesh screen, pressed 
at 20,000 psi with 5# water 
and 2$ dextrin, fired in 
oxyacetylene furnace 2 hr. 
at 1600°C 

97.7$ pure, cast 

Polycrystalline; 362 lb/ft^; 
99.6$ ZrOo* 0.2$ SiOo# trace 
of AI2O3, P6203, TÍO2,, 
calcinea 2 hr. at l600°C, 
ground to 250 mesh, dry 
pressed, fired 2 hr. at 
l600°C 

Not given 

Not given 

285 ib/rt3, 
Zirconia 

arc sprayed 

Polycrystalline; hot pressed, 
oxidized, and sintered at 
1120°F 

99.9$ Zr02 (anisotropic); 
mixture 60$ ZrOg and 4C$ 
platinum powder 

99,9$ ZrO? (anisotropic), 
mixture 60% Zr02 and 40$ 
platinum powder4” 

99.9$ ZrOp(anlEotroplc) ; 
mixture 60$ Zr02 and *i0$ 
platinum powder' 

2.17% Lime stabilized Zir¬ 
conia (molded); 18.50% por¬ 
osity; 290 lb/ft3; coarse 
grain; 3.013 In. long 
(Zirconium Corp, of America) 

3% Lime stabilized Zirconia 
(molded); 0.53% porosity; 
350 Ib/ft-5; fine grain; 
3.153 ln. X 1 in. dla. 
(Zirconium. Corp. of America) 

7.09% Y?03 + 2.67% Ce02 + 
0.^6% CaO Lime stabilized 
Zirconia; coarse grain, 
molded; 22.58% porosity; 
288 lb/ft^; 3.153 In. long 
(Zirconium Corp. of America) 

Telemicroscope method 

Telemicroscope method 

Interferometer method 

Not given 

Interferometer method 

Interferometer method 

Interferometer method 

Interferometer method 

Interferometer method 

X-ray diffraction method 

X-ray diffraction method 

X-ray diffraction method 

Dilatometer method 

Dilatometer method 

Dilatometer method 

Considerable difference 
between heating and cooling 
curves 

Considerable difference 
between heating and cooling 
curves 

Data taken from smoothed 
curve 

Fired at 1000*0 for 24 hr.; 
measured on "A” axis 

Fired at 1000°C for 24 hr., 
measured on *8" axis 

Fired at 1000“C for 24 hr.; 
measured on "C" axis 
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Temperature, °Rankine 

Sym¬ 
bol 

O 

□ 

Investigator 

Kelley, K. K. 

Coughlin, J. i1. 
and King, E. G. 

A 

V 

Reí 

189 

Ai'thur, J. 

'/l -ttr, A. 

Rnnge, °R 

no-v'io 

-,110-3340 

490-2300 

i 13-8118 

Tesf Sample 

rolycryotallinej r .14/ ;:r0o; 
0.3/ ::102, 0.2(( T10», 0.075( ' 
CaO, no other oxideè > .05^ 

2^02:1.25^ Hf, X-ray dif¬ 
fraction showed only mono- 
cllr.Lc oxide Zr0o 

Not given 

Test Method 

Guarded sample method 

Drop method (Mixtures) 

'r ild lti/rt 8 In. 
■ V l ' . X r I h . 1 «>n ' 
' 'urf,! tig 01(:-:: Work:*) 

lh/|M yprayt- 
rtt»ry ; -'I'h m-fh :1 • 

Drop method (Mixtures) 

Dr op me t h od (Mix t. ure ? ) 

Di'op me thon (Mtxt,ui*ea) 

Remarks 

Author accuracy ± 0,?)f 

Author accuracy o.2?í 

r 
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Zirconium Dioxide 

Total Normal Emittance 

lj00 
100 

Temperature, ° Kelvin 

1000 1500 

8o 

50 

>• 
4- 

‘> 

-- . — — — — 

S 

L 

1 

1 y 7 

Si Cv 
t (. 

a 
a 

□ 

I] £ Q 
□ 

_ A : 
L 

a 
_ 

A 

Û» j ) c 

_ _ __ 

_ _ _ __ 

Ü00 1200 1600 2000 24( 10 

2000 2500 

2800 

Temperature, °Ranlcine 

3200 3600 4000 

20 

40 

60 

80 

100 
4400 4800 

Sym 

bol 

V 

û 

û 

b 

Invostigator 

Wade, W. H. 

Sully, A. H., 
Brandea, 1T. A. 
Waterhouse, ”, B. 

• ! .t u- . 

I iîO! , 

il’ 

Roi. 

u 89 

Ronge,0 R 

1391-3011 

1460-2460 

1220-1930 

Test Sample 

Stabilized Zirconia 
refractory 

Flame sprayed Zirconia, 
coatlnc thickness 0-0.016 
Inch 

'1 r -on la coat, Î nr; »• mil 
.-oatlnK on Armc-o Iron 

'1 r. orila coat l n^ ; 9 ml 1 
'•a * I n r • n ártico 1 ron 

Ir uni i .Of»' ! r ; mil 
oa1 1 ‘ oi. »I -i : 1 nom 

<»’.la oa’I-f; - 
M ' ‘ oi , ! j I tiijm 

Test Method 

l-’nclooed specimen method 
(Fixed or rotating) 

Totally exposed specimen 
method 

Totally exposed specimen 
method 

Enclosed specimen me t h «d 
(Fixed or rot it In.;) 

Enclosed specimen me; ho. 
(Fixed or rotatin') 

Enclosed specimen ti'i|,;.vi 
(Fixed or rotnin,) 

*in : 1 o j; ed s pe c 1 m; n 71 
(Fixed or rot it Ing) 

Enel a - 
( FI Xed 

t pecl ii.cn T* • h' 
r..t »’.In - ) 

ftho 11.1 pec .1 riit-r, in. ■ ■ 
( FI xe.i cr- ft I »! 11. ) 

Remarks 
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Zirconium Dioxide 

Thermal Diffusivity 

500 

Temperatur«, ° Kelvin 
1000 1500 

0.07 
2000 2500 

0.06 

0.05 

CÎ- 
£ 

¿*0 
*> 

S: 
O 

0.03 

0.01 

-C 

J l- 
( ir o X Ô □ ï _4 )- j i n o 

0.015 

•°10^ 

■> 

3 
£ o 

0.005 

Temperature, ° Rankine 

Sym¬ 
bol 

stigato 

Flieger, Jr., H.W. 
and Glnnlngt,, D. C 

Fitzsimmons, E.S. 

Reí 

033 

055 

Range, °R 

671-2651 

121,-1841 

Test Sample 

Polycrystalllne; 35iÉ poros¬ 
ity; 228 lb/ft3; 9¾.656 Zr02, 
4,1^ MçO supplied by Corning 
Glass Works 

Polycrystalllne; 340 poros¬ 
ity; i49 lb/rt3; open pores 
310, fired at l8oo6C 

Test Method 

Fixed cylinder methcd 
(Transient heating) 

Drop liquid-bath method 

Remarks 

Data taken from smoothed 
curve 

d 

H 
n| 

r 

• - i 

y 

m ^ 

9" * 

bw*l 

1 f 
'A 

M 
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Zirconium Dioxide 

Compressive Strength 

420 

360 

« 

a 
E 
o 
u 

300 

240 

130 

500 

Temperature, 0 Kelvin 

1000 1500 2500 

J 

c 

5 

□ 

- J» 

L-C 1- 
400 8OO 1200 I6OO 2000 2400 2800 

Temperature, °Ranlcine 

25000 

O) 

15000 

O) 
c 
O 

0) 
E> 

E 
o 
w 

3200 3600 4000 4400 4800 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

□ 
o Bradshaw, w. G., 

and Matthews, 0.0. 

National Beryllla 
Corporation 

029 

049 

530-3192 

527-2651 

Not given 

Not given 

Not given 

Not given Sales literature 

Ï64 



Zirconium Hydride 

Thermal Conductivity 
Temperature, “Kelvin 

Sym¬ 
bol 

Investigator 

Flieger, Jr., H.W, 
and Oinnlngs, D.C. 

Flieger, Jr., H.W, 
and Ginr.lngs, D.C, 

A Flieger, Jr., H.W, 
and Gir.nings, D.C, 

V 

Û 

Û 

Q 

National Bureau of 
Standards 

National Bureau of 
Standards 

National Bureau of 
Standards 

Proogc, J. w. 

Iroege, .1. w. 

Ref. 

0214 

0214 

208 

208 

208 

Range, °R 

871-1576 

675-1733 

682-1735 

670-11400 

670-1750 

870-1920 

1825-1980 

1629-poll? 

Test Sample 

Poly crystal line; 392 lb/l't3; 
unclad 2rH, estlrrated purity 
98^, % = 2,16# atomic 
hydroeen = 3I4 

Polycrystalline; 385 Ib/ft^; 
unclad ZrH, estimated purity 
98# , Nj; = 2,89# atomic 
hydrogen = 42 

Polycry 3 ta nine; 377 lb/rt3; 
uoolad ::rH, estimated purity 
98#, Nj^ = 4,13# atomic 
hydrogen = 51 

Polycrystalline; 393 lb/rt3; 
0.59# H2 

Polycry3talline; 393 lb/ft3; 
0.59# Hg 

Polycrya talline; 393 lb/ft3; 
O. 59# Hg 

Poly cry 3 tal line ; "r lij .55 ; 
P. 50 cm. día X 12.7 nm. '.hick 

rolycrystal line; .’rH- , ¡ 
cm. dt 4. X 12.7 cm. '-.hick 

Test Method 

Guarded rod method 
(Axial neat flow) 

Guarded rod method 
(Axial heat flov/) 

Guarded rod method 
(Axial heat flow) 

Not given 

Not given 

Not given 

Ccmpiritive method 

Comparativo method 

Remarks 

Average of three test runs 

Average of three test runs 

First specimen 

Second specimen 

Third specimen 

tata obtained durir. ; hydre 
gc\ alffus Ion experiment 

lata obtained during hydn. 
gen diffusion experiment 
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Zirconium Hydride 

Linear Thermal Expansion 
Temperature, "Kelvin 

o 250 500 750 1000 1250 

3 

¡7 
V 

3 
V 

Ç U b- X 
. □ 

5J 
y Q 

X n a a 

-i X 
a 9" 

? U 

a 
T 

p A 

J? Lj 

5 Ë 
3 

T 
T 1 1½ 

0 5T V 
0 200 400 600 800 1000 1200 l400 l600 1800 2000 2200 2400 

Temperature, "Ranlane 

Sym 
bol 

O 

Investigator 

Rentschler, R. 

Ref. Range, °R Test Sample Test Method 

R. 209 500-1810 Polycrystalline; ZrH m,c : 
3.62 X 1022 atoms Hg/ôc 6r 

Dilatometer method 

Remarks 

O 

A 

V 

Rentschler, R. II. 

Rentschler, H. R. 

Custer, D. C. 

Custer, B. C. 

209 

209 

210 

210 

6IO-I66O 

6IO-I39O 

53O-I76O 

53O-I76O 

Polycrystalline; ZrH 421 : 
1.0Ò X 1022 atoms Hg/cc Zr 

Polycrystalline; ZrH n^r, : 
3.70 X 1022 atoms l^/cc Zr 

Polycrystalline; ZrH 301 î 
I.67 X 1022 atoms l^/cc Zr 

Not given 

Not given 

Not given 

Not given 
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Zirconium Nitride 

Thermal Conductivity 
Temperature, °Kelvin 

50° 1000 1500 2000 2500 

Sym- 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

Vasllos, T., and 
Klngery, W. D. 

Vaslloa, T., and 
Kingery, kt D. 

Neel, D. S., 
Pears, C. D., 
Oglesby, Jr., S. 

004 

274 

350-1930 

1390-2470 

IO6O-4330 

Polycry o tal line; 19.35¾ 
porosity; 81.8# Zr, 8.95¾ No, 
5.2# Op; 4.1/ others. Tired 
at 2000°C 

Polycrystalline; 19.G# 
porosity; 81.8# Zr, 3.9/ N2, 
5.2# Op, 4.1# others. Tired 
at 2000®C 

ZrN; 427 Ib/ft3; pressed and 
sintered (Oeneral Electric) 

Comparative method 

Prolate spheroidal method 

Cylindrical envelope method 
(Radial heat Tlow) 

Author accuracy +.10#; 
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Zirconium Nitride 

Linear Thermal Expansion 

2.8 

2.4 

2.0 

1.6 

750 

Temperature, 0 Kelvin 

1250 1750 2250 2750 

n 

. > 

c 

II J 
C 

1 "I 

3-1 

2.8 

2.4 

0.8 

1.6 

0.8 

Temperature, 0Rankine 

Sym¬ 
bol 

Investigator I Ref Range, °R Test Sample Test Method Remarks 

O 

□ 

Baker, r. W., 
Cplndler, W. E. 
Wllkaon, D. 

Neel, D. S,, 
Pears, C, D., 
Oglesby, Jr., S. 

082 

274 

523-1716 

53O-5O95 

Polyc’-ystalllnej 87.4¾ Zr, 
12.0S^ N, 0.19^ Mg 

7rN; 427 pressed and 
sintered ; 2.9700 ln. long 
(General Electric Co.) 

X-ray diffraction method 

Dilatometer method 

-4 
10 mm. Hg 
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Zirconium Nitride 

Specific Heat 
Temperature, 0Kelvin 

500 1000 1500 2000 25OO 

M 

r,l 

Sym¬ 
bol 

Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

Coughlin, J. P,, 
and King, E, G. 

Neel, D. S., 
Pears, C. D,, 
Oglesby, Jr,, S, 

189 

274 

530-3060 

960-51160 

Polycrystalline; 66.75# Zr 
Includinc 1.35/ Hf 

ZrN; 427 lb/ft3; 3A In. dlu. 
X 3/^1 in, long 

Drop method (Mixtures) 

Drop method (Mixtures) 

r- ‘«ï 

■ .1 

-■ 

i 
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Zirconium Silicate 

Thermal Conductivity 

500 

Temperatur«, "Kelvin 
1000 1500 

« 5 

3 
£ 

> 

€ 
3 

"O 
C 
O 
U 

~â 
E 

2500 

0.025 

0.02( 

0.01! 

0.005 

Sym 
bol 

O 

O 

û 

O 

Investigator 

Knapp, W. J. 

Smoke, E. J., and 
Koenlq, J. H. 

Smoke, E. J., and 
Koenig, J. H. 

Kingery, W. D., 
Prancl, J., Coble, 
R. L., Vaalloa, T 

.leÑamara, E. P,, 
Francia, R. K., 
Tlnklepaugh, J. R. 

McNamara, E. P., 
Francia, R. K., 
Tlnklepaugh, J.R. 

Corning Olaea 
Worka 

Truesdale, H. S, 
Swlca, J. J., 
Tlnklepaugh, J. R. 

Keel, f. S, 
fV'-irs, i 
;1,!r 

Ref 

038 

0p6 

0?6 

062 

086 

086 

0ü6 

?3d 

27'i 

Range," R 

700-1390 

560-760 

560-760 

852-3012 

852-1932 

852-1932 

2460 

852-1932 

Text Sample 

Single crystal, Brazil 
Zircon, noraal to C-axla 

Single crystal, natural 
mineral value taken along 
A-axle 

Single crystal, natural 
mineral value taken along 
C-axla 

Polycrystalllnej 230 lb/rt3j 
18.6^ poroalty, prepared 
from "SuDerpox11 (National 
Lead Co.), slip cast and 
fired at 1550°C 

Polycrystalllnej 4q< poroa¬ 
lty, Zircon "ZR1-46" 

Polycrystalllnej 44< poros¬ 
ity, "149-D" 

Polycrystalllnej 135 Ib/ft3; 
50-55^ poroelty; ZrOo 65.1jt, 
Slop 34.4)(, AI263 ol(X, 
0¾ 0-°^* ^ O.O35I, Ti02 

Zircon; hot preased at 
I65O“C; "ZRG-4"(Titanium 
Alloy Dlv., Natloniil Lead 
Co.) 

-66' ■'JO, ‘ 7'- .» -to, i 
- ■ X.) <.tb.- ; ?' ;> Tb/ 
:.117.- ir,i rtn*.'-r# : 

Text Method 

Comparative nethod 

Comparative method 

Comparative method 

Prolate spheroidal method 

Comparative method 

Coo«>aratlve method 

Not given 

Comparative method 

Cylindrical ivelopo method 
(Radial h ; flow) 

RemaHcx 

Sales literature 

Test conducted In vacuum 
and sample used as standard 
for comparative measurement 
of thermal conductivity of 
other materials; purity not 
given 

Author accuracy el05C: 
deteriorated at T710*P 
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Zirconium Silicate 

Linear Thermal Expansion 
Temperature, "Kelvin 

Sym¬ 

bol 
Investigator Ref. Range, °R Test Sample Test Method Remarks 

O 

□ 

A 

Whlttemore, Jr., 
0. J., a nd 
Ault, N. N. 

General Ceramics 

Mason, C. R.# 
Murphy, C. A. 

Mason, C. R., 
Murphy, C. A. 

Curtía, C. E., 
Doney, L. M., 
Johnson, J. R. 

Gantier, J, J, 

McKee, J. H., and 
Adams, A. M. 

Neel, D. fl. , 
Pe ir^, c. !\ 
Oglesby, Jr. 

Ql\li 

048 

073 

073 

150 
and 
151 

188 

191 

1032-2332 

672-1212 

550-2220 

550-2230 

530-2640 

540-1560 

530-670 

530-4170 

Polycrystal line; ZrO, • 310,,, 
fine grain ¿ 2 

Polycryatalline; 194 lb/ft3. 
Zircon 

Polycryatalllne; 195 Ib/ft3, 
arc sprayed zircon, 
,,ll69-2-4A" 

Polycryatalllne; 164 Ib/ft^, 
arc aprayed Zircon 
"1169-3-7A" 

Prepared from 99.9¡í pure 
ZrOn and quartz 325 mesh 
pom era heated to 1550°C, 
milled, heated again; pressed 
to 20,000 pel: fired for two 
hours at 1550°C 

Polycryatalllne; 283 lb/ft3, 
48.¾¾ Zr, 33.99* 03, 15.86* 
SI, 0.82* combined C; hot 
preaeed In graphite mold, 
tested at 4D/mln rise 

Polycryatalllne; 66.46* ZrOo 
♦ HfOg, 32.45* SlOo, 0.99* 

0-15^ 

65-6651 33- ^1^ R10 j , 
1.¾¾ oLhers (mux.); ?6? lb/ 

; - ilp curt and sintered; 
In. 1011,-, 

Telemicroscope method 

Not given 

Interferometer method 

Interferometer method 

Interferometer method 

Interferometer method 

Not given 

rilutonv.T n'-thrn 

Sales literature 
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Zirconium Silicate 

Specific Heat 
Temperature, °Kelvin 

0 500 1000 1500 2000 2500 

Sym¬ 
bol 

Investigator Ref. Range, ° R Test Sample Test Method Remarks 

O 

□ 

A 

V 

Couchlln, J. P., 
and Kinc, 0. 

Kelley, K. K. 

Nee 1, D. £., 
rears, C. L,, 
Oßleeby, Jr., S. 

V1c T or , A , C,, 
' ! F'o’jg 11P , T, Í<, 

189 

lyo 

27. 

?6l 

540-3240 

90-530 

960-3900 

^92-2112 

Polycrystal line; 66.35¾ Zr0?, 
33.65¾ S102,+Hf, Hf02, Pe203 

Polycrystalllne;98.6 ZrSlOi, 
1.3^ SiOg, 0,45¾ F6203 

65-66Í ZrO?, 33-3^- S10-, and 
ethers; 252 lb/rt3; 3A In. 
Ola. X 3/^ In. long 

65.‘i* ZrOp t Hf 0. M.2Í 
Si02 ♦ others ; . r • ;'t r; 
elnta r-Mij i ln< lonK x 3/g ln< 
dla. (National Mu■ i 
S'tin larris ) 

Dcop method (Mixtures) 

Guarded sample method 

Drop method (Xtxturer) 

r.rop method lx tur- 

Corrected for Fe20^ and 
excess S102 3 
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Experimental Methods 

Thermal Conductivity 

Heat Sink 

Heater Windings 

Thermocouples 

Heat Source 

Comparative Method 

Figure 1. 
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Experimental Methods 

Thermal Conductivity 

COMPARATIVE METHOD 

Frand, J., and KIngery, W. D., "Apparatus for Determining Thermal Conduc¬ 
tivity by a Comparative Method", J. Am. Ceram. Soc.. v. 37, n. 2, Part II, 
1954, pp. 80-84. 

In this steady-state method, the thermal conductivity, k , of the 
specimen is obtained by comparison with the known thermal conductivity of 
two standards. The specimen assembly of the apparatus is guarded so that all 
of the heat passes in turn through the first standard, the test specimen, and 
the second standard. Temperature differences. At , are measured, and used to 
compute the value of thermal conductivity. If the distance betveen two thermo¬ 
couple locations in the specimen or standard is A^ , then 

k 
A* At, A_£_ 

^ A At A (1) 

■where the quantities with subscripts refer to measurements made in the standard 
and the quantities without subscripts refer to the specimen. 

In operation, the specimen, either a cube or a short cylinder, is 
placed between the two similarly shaped standards and clamped under pressure 
to minimize interfacial thermal resistance. Thermocouples are installed near 
the common edges of the specimen and standards so that the thermal gradient 
through each can be determined. The quantity of heat which flows through the 
specimen is not directly calculated. Instead, the conductivity of the speci¬ 
men is calculated as a function of that of the standards. Hence, the conduc¬ 
tivity of the standards must be accurately known. Accuracy of the data from 
this method is also dependent on the accuracy of the temperature measurements 
and the elimination of losses from the specimen and standards to the heat 
guard. Maximum variation of the computed conductivity value of the specimen 
based on each of the two standards was 7 per cent; normal variation was about 
3 per cent. 
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Experimental Methods 

Thermal Conductivity 

ppepupppiHi.pippj^mptM 

Stacked Disc 

Specimen 

Test Section 

Thermocouples 

Internal Heater 

Cylindrical Envelope Method (Radial Heat Flow) 

Figure 2. 
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Experimental Methods 

Thermal Conductivity 

CYLINDRICAL ENVELOPE METHOD (RADIAL HEAT FLOW) 

Powell, R. W., "Further Measurements of the Thermal and Electrical Conduc¬ 

tivity of Iron at High Temperatures", Proc. Phys. Soc., v. 51, 1939, 

pp. 407-418. 

In this steady-state method, thermal conductivity is obtained from 

measurements of the radial temperature gradient created by heat flow through 

the wall of a cylindrical specimen. The specimen may consist of a cylinder 

or a set of discs, above one another; the test section is the central section 

of the specimen assembly with a heat source in the center. Radial heat flow 

through the specimen is guarded by heaters at the ends of the specimen 

assembly to prevent longitudinal heat flow. 

Thermal conductivity is calculated from: 

k = qln(r2/rl) 
2ttL At 

(2) 

where L is the length of area through which the heat flows, r-j_ and r2 
are the respective radii and At is temperature difference at the two radii. 

The heat flow, q , is calculated from the current and voltage drop through 

the central section of the internal heater. 

Chow' 

determining the conductivities of insulating powders for cryogenic insulation. 

Liquid oxygen was used as the heat sink in a central tube and a guarded water 

calorimeter as the heat source at the outer surface of the specimen container. 

Maximum deviation from average values was generally less than 10 per cent. 

Other investigators have used the boil-off gas from the cryogenic liquid in a 

guarded inner container as a calorimeter. Cryogenic liquids have been sub¬ 

stituted for circulating water at the outer surface of the specimen. In this 

latter case, the temperature of the heat source is the boiling point of a 

liquefied gas; the temperature of the sink is the boiling point of the second 
liquefied gas . 

Rasor and McClelland^^/determined thermal conductivities up to 

2500°C by using a helical graphite external heater and internal water calorim¬ 

eter. Optical pyrometers were used for radial temperature measurements. Data 

were estimated to be accurate to within i 5 per cent over the range of 1000° 

to 2500°C. 
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Experimental Methods 

Thermal Conductivity 

Hot Side 

Thermocouples 

Cooling Units 

Cold Side 

Thermocouples 

Guard 

Differential 

Thermocouples 

Central Heater 

Central Surface 

Plates 

Guarded Hot Plate Method (Twin Plate) 

Figure 3. 
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Experimental Methods 

Thermal Conductivity 

GUARDED HOT PLATE METHOD (TWIN PLATE) 

A.S.T.M. Method: C 177-45, 1955 Book of A.S.T.M. Standards, Part 3, 
p. 1084-1092. -- 

This is a steady-state method; the apparatus consists of two 
identical specimen plates, separated by a flat power source. The specimens 
are bounded on their external faces by heat sinks. The power source, usually 
an electrical heater plate, is so divided that the heat generated In the 
center portion can be precisely controlled and measured. The heat generated 
in the outer regions of the plate la independently controlled to provide a 
heat guard at the edges of the specimens. Thus, the heat which flows through 
the center portions of the specimens is unidirectional. Surface plates of 
highly conductive metal are often used between the heaters and the specimen 
to provide uniform temperatures at the hot faces of the specimens. The con¬ 
tact surfaces of all components must be as flat as possible so that interface 
thermal resistances are nearly uniform and localized disturbances to heat flow 
are practically eliminated. In operation, the components are clamped together 
to further reduce the thermal resistances. 

Thermal conductivity, k , is calculated from: 

k = 
Mt (3) 

where q. is the heating flow through one specimen, J[ is the thickness, A 
is the area perpendicular to heat flow, and At is the temperature differ¬ 
ence at J? . 

This method has been widely accepted as the standard for certain 
types of insulation materials. Variations of the apparatus and methods are 
used by investigators to meet their specific requirements. 
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Experimental Methods 

Thermal Conductivity 

GUARDED SINGLE PLATE METHOD 

Fieldhouse, I. B., Hedge, J. C., Lang, J. I., Waterman, T. E., "Thermal 

Properties of High Temperature Materials", Armour Research Foundation, 
AD 150 954. * 

This steady-state method is conqparable to the guarded twin plate 

method except the heat from the source flows only in one direction and through 

only one specimen. Ring guard heaters provide unidirectional heat flow through 

the center section of the specimen. The heat flow, q , through the specimen 

is determined by a guarded calorimeter which serves as the heat sime. In this 

apparatus, the heat which flows into the calorimeter causes a liquid to boil. 

The resulting condensate is collected to determine q . Accuracy was estimated 

to be within + 5 per cent. Thermal conductivity, k , is calculated from: 

k = iJL 
AAt (4) 

where A is the area through which the measured heat flow occurs and At is 

the temperatures measured by thermocouples X distance apart. 

A variation of this method includes the accurate blocking of reverse 

heat flow from the source and the subsequent measurement of the electrical 

power to the guarded section of the source to determine the heat flow through 

the specimen. Another variation of the method is the so-called "shell method" 

a tank containing a cryogenic liquid with an insulation shell having a large 

enough radius that one dimensional heat flow is assumed. The heat transfer is 

determined by some calorimetric technique, such as gas boil-off of a cryogenic 

liquid or a water calorimeter. In the "shell method", the temperatures may be 

either measured by thermocouples or assumed to be the boiling points of the 
liquefied gases. 
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Thermal Conductivity 

GUARDED ROD METHOD (AXIAL HEAT FLOW) 

Wilkes, G. B., "An Apparatus for Determining the Thermal Conductivity of 
Metals , Chem. & Met. Eng.t v. 21, 1919, p. 241. 

This steady-state method is a direct method as compared with a 
previously described similar method, the comparative method. The heat flow, 
q. , which passes axially through a long, round specimen, is determined by a 
water calorimeter. A cylindrical heat guard encloses the specimen so that 
heat losses from the specimen surfaces are negligible. 

Thermal conductivity is given by 

k = äJL (5) 
Mt 

where A is the cross-sectional area of the specimen and At is the temper¬ 
ature difference from thermocouples on the specimen X distance apart. 
Accuracy of the data can be within 1 to 10 per cent of the true conductivity. 

This method is applicable to metals and refractories but generally 
is not used for bulk-type insulation. In some applications of the method, 
the heat flow through the specimen is determined by measuring the power 
supplied to the heater source. 
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Experimental Methods 

Thermal Conductivity 

GUARDED REFRACTORY BRICK METHOD 

A.S.T.M. Method: C 201-47, 1955 Book of A.S.T.M. Standards, Part 3, 

pp. 716-722. 

This is a steady-state method which consists of unidirectional 

heat flow from silicon carbide heating elements through the specimen into 

a water calorimeter. The specimen is generally a standard-sized brick 

surrounded by ether bricks of the same material to provide a heat guard. 

A calorimeter, used to determine the heat flow, q. , through the specimen, 

is also guarded by ring cooling coils similar to the calorimeter. 

Thermal conductivity is calculated from: 

k = (6) 
AAt 

where is the distance between the temperature stations, A is the area 

of the brick perpendicular to heat flow and At is the temperature differ¬ 

ence. Possible accuracies of this method are within + 5 per cent of the 

true conductivity. 

A somewhat similar apparatus has been developed by the British 

Ceramic Research Association—and gave agreement within + 4-1/2 per cent 

with the A.S.T.M. apparatus. This method provides a different operating 

procedure and uses a smaller furnace cavity which is heated by platinum- 

rhodium resistance wire. 

285 



... ......i ....mm.. wmijii ....... .......... I 

Experimental Methods 

Thermal Conductivity 

i 

"i 

Prolate Spheroidal or Spherical Envelope Method 

Figure 7. 

286 



Experimental Methods 

Thermal Conductivity 

PROLATE SPHEROIDAL .OR SPHERICAL ENVELOPE METHOD 

Adams, Milton, "Thermal Conductivity: III. Prolate Spheroidal Envelope 

Method", J. Am. Chem. Soc., v. 37, n. 2, Part II, 1952, pp, 74-79. 

This method is an absolute, steady-state method for determining the 

thermal conductivity of refractory materials. The specimen configuration is 

designed so that exact mathematical derivations of the heat flow equations 

developed by Adams and Loeb^§2/ can be applied to the experimental measure¬ 

ments. Heat is generated uniformly per unit length along the axis of rotation 

in the Pt wire heating core to provide the heat flow through the specimen. 

The specimen is fabricated from a complicated design so that its inner and 

outer surfaces are confocal with the surface of the heating core. Also, the 

insulating material around the specimen must have the same design requirements 

as the specimen. All the heat which is generated in the core passes through 

the specimen. Hence, guard heaters are eliminated. 

Thermal conductivity, k , is calculated from 

k = B = JL In/ 
8-C 

\ rx2 + C2 -C N r22 + C2 +C 

Ak2 + c2 +C ^22 * C2 -c, 
(7) 

where P is the power supplied, At is the temperature difference from ^ 

to r2 as measured by thermocouples and C is the semifocal length of the 

spheroidal system. Estimated maximum errors from 200° to 1300°C were within 

Í 5 per cent of the absolute values of thermal conductivity. 

McQuarrie252/ used the same method from 1000° to 1000°C but used 

induction heating for power and optical pyrometers for temperature measure¬ 

ments at r]_ and r2 . The mean deviation of the results from a mean curve 

ras about ± 12 per cent. Kingery2§2/ changed the specimen to a spherical 

envelope, thereby simplifying the fabrication problems. Thermal conductivity 

was calculated with the above equation except body factor, B , ras changed. 

The maximum deviation of the results for aluminum oxide from a mean curve 

from 200° to 1300°C ras about i 8 per cent. 
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Experimental Methods 

Thermal Conductivity 

QUASI - STSADY - STATE METHOD (TWIN-PLATE) 

Eiermann, K., Hellwege, K.-H., and Knappe, W., "Quasi-Steady-State Measurement 

of Thermal Conductivity of Plastics from -180° to +90°C," Kolloid- 

Zeitschrift, Vol. 174, 2, (l96l), pp. 134-142. 

The quasi-steady state method for determining the thermal conduc¬ 

tivity of materials is based on its approximation to steady-state determina¬ 

tions with a guarded hot-plate apparatus. The apparatus is constructed some¬ 

what similar to the guarded hot-plate apparatus except the heat sink is in 

the center of the apparatus and the heat sources are at the outside of the 

specimens. Guard rings are placed around the heat sink to reduce edge ef¬ 

fects. A significant difference between this method and the guarded hot¬ 

plate method is the use of the heat sink as a calorimeter; the quantity of 

heat conducted through the specimen plates is the product of the mass, speci¬ 

fic heat and temperature rise per unit time of the heat sink. The calorim¬ 

eter technique requires the temperature of the apparatus to increase slowly. 

Hence, the method is quasi-steady-state not steady-state . 

The thermal conductivity, k, of the 

AT t 1 k = nuc,, —-- 
° ° A0 A (At-L + At2) 

specimen is calculated from 

where mscs and mpCp are the mass and specific heat of the heat sink and 

the specimen plates, respectively; AT/A0 the temperature rise per unit time; 

t and A are the average thickness and area of the specimen plates through 

which the heat flows. The terms, Atp and At2 , are the temperature differ¬ 

ences across the two specimen plates. 

Accuracy of data determined by this method is limited by the ac¬ 

curacy of the specific heat data of the heat sink and the specimen plates. 

If the mass of the specimen plates is small compared to the heat sink, the 

specific heat of the specimen plates can be estimated without seriously af¬ 

fecting the results of the thermal conductivity calculations. Absolute ac¬ 

curacy of the data obtained with this method is estimated to be within -4 

per cent, reproducibility within -1 per cent. 
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Thermal Conductivity 

CUT-BAR METHOD (AXIAL HEAT FLOW) 

Flynn, D. R., and Robinson, H. E., "Thermal Conductivity of Semiconductive 

Solids; Method for Steady-State Measurements on Small Disc Reference 

Samples," NBS Report No. 7155, AD 277054, April 1961. 

The cut-bar method is a steady-state, absolute method for discs and 

is similar to the guarded rod method (for long, small-diameter cylinders). 

In this method, heat flows axially from the specimen heater through the hot 

bar, specimen, and cold bar. Appropriate shielding is provided to control 

the extraneous heat flow through the insulation which surrounds the specimen 

assembly. A specimen heater guard is controlled so that no heat can be trans¬ 

ferred from the specimen heater out the hot bar support. The heat flow 

through the specimen is calculated from the measured power supplied to the 

specimen heater. The apparatus is operated so that a 20° to 25°c/cm tempera¬ 

ture gradient occurs through the specimen. 

The thermal conductivity, k, is calculated from the equation for 

one-dimensional heat flow: 

k = 3-L_ (9) 
A At 

where q is the heat flow through the specimen, i is the distance between 

the thermocouples in the specimen, A the cross-sectional area normal to the 

heat flow, and At the temperature difference. 

The absolute accuracy of the apparatus is not specified but the 

apparatus is expected to produce results within 1 or 2 per cent. It was de¬ 

signed at the National Bureau of Standards to determine the therraal conduc¬ 

tivity of standard discs which could be used in the comparative method. 
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DILATOMETER METHOD 

Experimental Methods 

Linear Thermal Expansion 

Hidnert, P., and Sweeney, W. T.,."Thermal Expansion of Magnesium and Some of 
Its Alloys," BSJ Research, vol. 1, p. 1928, p. 771. 

The determination of thermal expansion of a long, round specimen by 
this method depends upon the transmission of the specimen's change of length 

by some other element to the element which senses the movement. Hidnert used 
a fused quartz tube to support the specimen and a fused quartz rod to transmit 

the specimen's dimensional change with temperature to a dial indicator. Mark 

substituted a three-rod cage for the tube to support the specimen and a fourth 

rod of the same material to transmit the specimen's change.* In these designs, 
the only correction necessary for the dilatometer materials is that for the 
thermal, expansion of the material of the tube or three rods over the same 

length as the specimen. The thermal expansion of the supporting tube or rods 
cancels the thermal expansion of the transmission rod through the region of 
thermal gradients from the specimen to the top of the furnace. Generally, 

fused quartz is used as the material of the tube and rod because of its low 

thermal expansion. At elevated temperatures, synthetic sapphire, silicon car- 
bide, graphite and other materials have been used. 

Beals used a different type of specimen transmitting system.** The 

specimen-supporting element remains at ambient temperature while the specimen 
and its end pieces are heated, the end pieces being subjected to the thermal 

gradients within the furnace. The system must be calibrated so that the ex¬ 
pansion of the end pieces can be subtracted from the total change during a 

test. The data from type c are generally subject to greater deviations than 
the dilatometers of types a or b. 

The thermal expansion of a specimen is AL/L, the ratio of the change 
of length from the length at 20°C to the original length. The accuracy of the 
method is greatly dependent upon the measurement of the total change. Inter¬ 

ferometers are optical devices which are capable of detecting 2.5 x 10"6 mm. 

of change. The dial indicator with direct reading of 2.5 x 10"3 mm. (0.0001) 
is often used. Data with errors of less than t 1 per cent are possible with 
the interferometer and t 3 per cent with the dial indicator. 

* Mark, S. D., Jr., and Emanuelson, R. G., "A Thermal Expansion Apparatus 

With a Silicon Carbide Dilatometer for Tenperatures to 1500°C " 
Ceramic Bui „etin, 37, 4 (1958), pp. 193-196. 

** Beals, R. J., and Lauchner, J. H., "A High Temperature Recording 

Dilatometer," Ceramic Bulletin, 37, 11 (1958), pp. 486-488. 
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Linear Thermal Expansion 

TEIEMICROSCOPE METHOD 

Engberg, C. J., and Zehms, E. H., "Thermal Expansion of AlgOj, BeO, MgO, 

B4C, SIC, and TiC Above 1000°C", J. Am. Ceram. Soc., v. 42, n. 6, 1958, 

pp. 300-305. 

The direct measurement of the thennal expansion of a specimen is 

achieved by visually observing index marks on a specimen at various equilib 

rium temperatures by telemicroscopes. Filar micrometer eyepieces are used 

with the telemicroscopes to measure the change of the position of the index 

marks . The thermal expansion AL/L , of a specimen is 

= Cl, 1-02 [ït-ïol (10) 

1¾ 

where and C2 are the calibration constants of the scale in the microm¬ 
eter eyepieces of the telemicroscopes, X and Y are scale readings at 

a specific temperature, t , and at the reference value, and 1¾ is the 
reference length of the specimen. 

Measurements at high temperatures require sighting through glass 

ports and the hot gases within the furnace. To minimize the change of the 

spacing of the two telemicroscopes because of ambient temperature chaises, 

they are usually mounted on an Invar bar which has very low thermal expansion. 

Fieldhouseused telemicroscopes mounted on an adjustable sup¬ 

port so that they could be shifted with micrometers to follow the index marks 

on the specimen as it expanded instead of the micrometer eyepieces. 

Extremely accurate data are possible with this method. Engberg 

reported that the best accuracy possible with this method at temperatures 
above 1000°C was + 0.03 per cent. However, data may be only about + 3 per 

cent of the true values because of errors in specimen temperature measure¬ 

ments. These errors may be created by calibration Inaccuracies of the thermo¬ 

couple or the optical pyrometer, whichever is used, and possibly by the 
refraction of light as it passes through hot gases. 
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Experimental Methods 

Linear Thermal Expansion 

X-RA.Y DIFFRACTION METHOD 

Mauer, F. A., and Bolz, L. H., "Measurement of Thermal Expansion of Cermet 

Components of High Temperatures: X-Ray Diffraction", WADC TR 55-473, 

1955, AD 95 529, 63 pp. 

The determination of the thermal expansion of a small powdered 

sample of a material is possible with the X-ray diffraction method. Ac¬ 

tually the expansion, which is measured by this method, is that of the crys¬ 

tal lattice of the atom of the material. Data can be obtained on expansion 

in different directions in anisotropic crystals of a material when a phase 

change occurs or of each phase when two phases coexist. The change in 

specific volume due to the phase change can be determined also. 

The method consists of directing an X-ray beam onto a powdered 

specimen held in a cavity of an alumina slab. The diffraction angle of the 

reflected beam, , at a given temperature, t , is determined by a dif¬ 

fraction unit. 

The thermal expansion, then, is: 

al/l = (11) 

where d|. and d0 are the lattice distances at t and the reference tem¬ 

perature. Substitution of the Bragg equation nX = 2d sin 9 , gives 

AL/L = 
'sin 90 

.sin 9^ 
(12) 

Hence, the expansion is determined only by the measurement of the 

diffraction angles at the desired temperature and the reference temperature. 

The accuracy of this method in general is subject to a probable experimentad 

error of t 4 per cent. 

The method is difficult and the equipment is costly; but it is an 

important method because it provides data from materials not possible by 

other methods. 
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HfTERFBROMKrgR METHOD Linear Thermal Expansion 

Merritt, G. E., "The Interference Method of Measuring Thermal Expansions," 

MBS J. Research, vol. 10, 1933, p. 59. 

Extremely accurate measurement of thermal expansion of small 

specimens at continuously changing temperatures is possible with the inter¬ 

ferometer method. The method employs the effect created by monochromatic 

light, from a helium light tube when the light is directed in parallel rays 

upon two optically flat plates a small distance apart. The light reflected 

from the top surface of the lower plate either strengthens or weakens the 

light reflected from the bottom surface of the upper plate and forms either 

a bright or dark band. This interference produces several parallel fringes 

at the bottom surface of the upper plate if the plates are not parallel. 

These fringes will move across the field of view as the upper plate is raised. 

The distance the upper plate is raised is the product of the number of fringes 

which pass an index point and one-half the wavelength X , of the light, 
2.9378 X IO'5 cm. for helium light. 

This principle of light interference is used in thermal expansion 

measurements by separating the optical plates with three short identical 

specimens, placing the unit in a furnace, and then slowly heating the speci¬ 

men-optical plate assembly. Fringes which are caused by the thermal expansion 

of the specimens are observed with a telescope. 

The thermal expansion, AL/L , of the specimens with respect to 

their length LQ , at reference temperature, 20*0, is 

N ^ 

AL/L = —^ - 6 (13) 

Lo 

where 5 is the correction due to the slight change of X caused by the 

temperature of the air between the two plates. The number of fringes, N , 

are the total which have to be counted from the start of the test. 

Visual observations of the fringe position relative to the index 

mark limit the resolution of the measurements of the change of the specimen 

length to about 1 x 10~5 cm. The accuracy of this method is dependent on the 

thickness of the specimens. With specimens as thin as 0.2 mm., the data ob¬ 

tained by this method are generally within Í 1.0 per cent of the true values. 
The data of longer specimens are even more accurate. 
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Specific Heat 

PULSED METHOD 

Bender, S. L., et al., "Thermodynamics of Certain Refractory Compounds," ASD- 

TR-61-260, Part I, Vol. 1, ASTIA No. AD 278633 (May 1962). 

The pulse method of determining the specific heat of materials is 

based on the technique used for the guarded sample method except it does not 

use a guard heater to eliminate heat losses from the specimen. Instead the 

pulse-method apparatus is operated so that the heat is supplied to the spec¬ 

imen in such a short time that the heat losses from the specimen during this 

time are negligible. The heat is created in the specimen by a very high DC 

current pulse of approximately 0.2 sec. duration. The specimen is heated to 

a particular temperature by a furnace enclosing it prior to the current pulse . 

The specimen is slotted so that so that interior temperatures instead of sur¬ 

face temperatures can be observed. The rate of interior température rise is 

less influenced by radiation losses than the rate of surface temperature rise. 

The specific heat, c, of the specimen is calculated from the basic 
definition of the term: 

c = -S_ 
mAt 

(14) 

where Q is the total heat equivalent of the DC power supplied to the spec¬ 

imen during the current pulse, m is the mass of the specimen (between voltage 

taps) and At the temperature rise of the specimen. 

The pulse method is particularly suited for specific heat determina¬ 

tions at high temperatures where other methods are not practical. A serious 

limitation of the method, however, is that the materials must be electrical 

conductors . The data obtained with the method are estimated to be accurate 
to within -5 per cent. 
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Specific Heat 

DROP METHOD (MIXTURES) 

Ginnings, D. C., and Corruccini, R. J., "An Improved Ice Calorimeter - The 
Determination of Its Calibration Factor and the Density of Ice at 0oC" 
J. Research, MBS 58, 1947, p. 583. 

This method of determining the specific heat of a material is 
based on obtaining the heat content of the material above a certain ref¬ 

erence temperature, such as 0°C. The specific heat is then the change of 

the heat content with respect to temperature. The method is sometimes 

called the method oí mixtures" because the energy of the heated specimen 
is transferred to an ice calorimeter when the specimen is dropped into and 

cooled by the calorimeter. The energy from the specimen changes the ice to 
water and the accompanying volume change is accurately measured by the 
weight of mercury displaced. 

In operation, the specimen is contained in a sealed metal cap¬ 
sule. Therefore, materials in any form can be used. The heat content of 

^he empty capsule is accurately determined at different temperatures in a 

series of runs. Subsequently, its heat content is subtracted from the heat 
content of the specimen and the capsule to obtain the required data. 

This method of determining specific heat is very precise and is 
generally the only method used at high températures. The average deviation 
oí beat content data from "smoothed" values was about 0.04 per cent. 

Data are estimated to be within 0.5 per cent of the true heat contents. 

This accuracy is still retained after the data are converted to specific 
heat values. 
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Specific Heat 

GUARDED SAMPLE METHOD 

Gibson. G. E.. and Glauque, W. F., "The Third Lav of Thermodynamics. Evi¬ 

dence From the Specific Heats of Glycerol that the Entropy of a Glass 

Exceeds that of a Crystal at the Absolute Zero", J. Am. Chem. Soc., v. 45. 

1923, pp. 93-104. ..... 

The guarded sample method of determining specific heat is based on 

the rise of the temperature of a specimen contained in a calorimeter when a 

given quantity of energy is supplied. In order that the energy supplied to 

the specimen calorimeter can be accurately known, the calorimeter is guarded 

by a radiation shield to minimize radiation losses. The chamber which con¬ 

tains the calorimeter is evacuated to less than 10“5 mm. Hg to minimize con¬ 

vection losses. The lead wires from the calorimeter are thermally condi¬ 

tioned to minimize conduction losses. 

Specific heat is calculated by 

C = Q - McCcA° 

,MA9 
(15) 

where Q is the total heat supplied the calorimeter of mass, f-L , with a 

specific heat, C^, , and specimen of mass, M , for a given temperature rise. 

A6 . The heat absorbed by the specimen is Q - McCcA0 . The maximum devia¬ 

tion of the data from a "best" curve reported by Gibson was within 0.5 per 

cent. Data obtained from this method can be within Í 1 ner cent at tempera¬ 

tures below room temperature. At elevated temperatures, guarding against 

radiation losses becomes much more critical and so the method generally is 

not used. The method is particularly of value when continuous values of 

specific heats are desired in the temperature region of a phase change. 
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Experimental Methods 

Total Normal Emittance 

ENCLOSED SPECIMEN METHOD (FIXED OR ROTATING) 

Wilkes, G. B., "Heat Insulation," John Wiley & Sons, New York, 1950, p. 70. 

The most commonly used method of determining the total emissivity 

of materials consists of the placing of the specimen in a furnace so that only 

one surface is exposed to a lower temperature surface, usually a radiation 

pyrometer. Either the specimen is rotated so that the radiation to cold 

surfaces does not appreciably cool the specimen (a), or it is fixed and 

is heated by conduction and radiation to provide for the radiation losses 

from the exposed surface (b). A fixed specimen apparatus for determinations 

to 5000°F has been developed by Southern Research Institute.2§2/ 

The total emissivity, e > is given either as 

e = R/Rfc or c = —- (16) 

where R and R^ are the radiation flux intensities for the specimen and 

a black body for identical areas and temperatures as viewed by a total 

radiation pyrometer. In the case of the temperature ratio, T is the 

apparent temperature of the specimen surface as determined by a radiation 

pyrometer calibrated for black body conditions and T^ is the absolute 

temperature of the specimen as determined by a thermocouple or a micro- 

optical pyrometer sighting upon a black body cavity in the specimen. 

Variations of the fixed specimen method are used to obtain spectral 

emissivity and hemispherical emissivity if the material is "optically" smooth. 

Blau§§i/ describes an apparatus by which these data can be obtained to 3C00°F. 

Best estimates of errors indicate that data from this type of apparatus are 

accurate to -5 per cent. 
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Total Normal Emittance 

ROTATING CYLINDER IM FLAME METHOD 

Patti son, J. R., "The Total Emissivity of Some Refractory Materials Above 
200oC'', Trans. Brit. Ceram. Soc., v. 54, 1955, pp. 698-705. 

This total emissivity method vas developed for the 900° to 1500°C 

range. A pre-mixed gas burner with a long, narrow nozzle was used to uni¬ 

formly heat the rotating specimen. The burner is so positioned that the 

flame is split into two portions of equal length, one on each side of the 
specimen. 

The total emissivity, £ , is given as : 

e = Q = ors4(e=i) (17) 

where Q2 is the total radiation per unit area from one portion of the flame 

and the specimen, Qj is the total radiation per unit area from one portion 

oi the flame, a is Stefan-Boltzmann's constant, and Ts is the specimen 

temperature as determined by an optical pyrometer viewing the bottom of a deep 

hole in the top of the specimen, not masked by the flame. The values of QP 

and Qp are measured by a total radiation pyrometer, being obtained when 

a strip of oxidized iron momentarily masks the radiation from the specimen. 

The flame emissivity, £f , is assumed constant which does not create more 

than 1 per cent error. Repeatability is within t 2 per cent. Data are prob¬ 

ably within 10 per cent of absolute values. 
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Total Normal Emittance 

TOTALLY EXPOSED SPECIMEN METHOD 

Wade, W. R., "Measurements of Total Hemispherical Emissivity of Several 
Stably Oxidized Metals and Some Refractory Oxide Coatings", AD-209 192. 
25(2676)059-11, January 1959. 

The total emissivity of metals or coatings on metals is determined 
by this method. A strip specimen is electrically heated by passing current 
through it. The specimen is held vertically without insulation. A total 
radiation pyrometer measures the radiation flux intensity, Ry , from the 
specimen with unknown emissivity, and that of a black body, Rb , as a 
calibration. The total emissivity, £ , is given as: 

£ = Ru/Rb (18) 

where the radiation flux intensities are taken for identical surface areas 
and temperatures (as measured by thermocouples ). 

When ceramic-coated metal strips are used as specimens, a procedure 
must be used to eliminate the errors due to (l) the radiant flux from the 
metal strips which is transmitted through the coating and (2) the tempera¬ 
ture drop through the coating. 

Data must be taken from a series of specimens with various coating 
thicknesses. Data points which are nonlinear with thickness are being 
influenced by radiation from the metal base and are discarded. The linear 
data can be extrapolated back to zero coating thickness because it is a 
function of the temperature drop through the coating; the thermocouple on 
the metal strip is at a higher temperature than the surface temperature of 
the coating. 

Repeatability of this method indicated that random errors do not 
exceed 2 per cent. Systematic errors may exist because the reference black 
body may depart from black-body radiation and the attached thermocouple 
may give lower than true temperatures because of its fin-cooling effect at 
the uninsulated metal surface. 
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Experimental Methods 

Thermal Diffusivity 

DOUBLE FURNACE METHOD 

Paladino, A. E., Swarts, E. L., and Crandall, W. B., "Unsteady-State Method 

of Measuring Thermal Diffusivity and Biot's Modulus for Alumina Between 

1500° and 1800°C", Presented at 58th Annual Meeting, The American Ceramic 

Society, New York, New York, April 24, 1956 (Basic Science Division 
No. 12) 

Thermal diffusivity of materials can be determined by a method 

based on a radiation boundary condition which occurs when a cylindrical 

specimen is suddenly moved from one furnace to another at a higher temper¬ 

ature. Levine* developed the theory for the semi-infinite cylinder by which 

diffusivity can be calculated with confidence to 1500°C. However, at higher 

temperatures, the boundary conditions for the semi-infinite cylinder were 
not conveniently attained. 

Paladino et al., therefore, developed the theory for the finite 

cylinder for determinations from 1500° to 1800°C. Experiments must be con¬ 

ducted with two cylinders of different dimensions to obtain the heating 

curve from a theimocouple at the center of each when the specimen, at a 

stabilized temperature, is raised into the second furnace. From the ratio 

of the slopes of the heating curves and calculations based on assumed range 

of values of a certain parameter, H , two additional parameters are de¬ 

termined by which the thermal diffusivity can be calculated. 

The data obtained by this method are very sensitive to slight ex¬ 

perimental variations. Moreover, themnal diffusivity values have a spread 

which is about + 30 per cent of a mean value for the range of 1.0 to 2.5 
for H. 

* Levine, H. S. 

at Elevated 

Contract N6- 
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Experimental Methods 

DBOP-uaWD BATO MEgg» Iherllla| Di«u5Ívity 

Fitzsimmons, E. S., "Thermal Diffusivity of Refractory Oxides", J. Amer. 
Ceram. Soc., v. 33, 1950, p. 327. 

This method of determining thermal diffus!vity requires that a 
long solid cylindrical specimen at a uniform temperature, T0 , be suddenly 
dropped into a slightly cooler bath so that its surface temperature becomes 
Ts , the bath temperature. The temperature, T , at the center of the 
cylinder can then be expressed in terms of an infinite series of first order 
Bessel functions as 

e-(atzm2/r2) 

zm J1 (¾) 
= c(e) (19) 

The terms are fully discussed in the above reference. Thermal 
diffus ivity can be evaluated from tables of C(8) published by Olson and 
Schultz*. 

In operation, the specimen is heated in a furnace until equilib¬ 
rium conditions exist. The specimen is then dropped into a molten lead bath 
which is continually stirred to maintain uniform temperatures. 

Because of the large heat capacity of the bath relative to that of 
the specimen, the bath temperature never increased more than IoC when the 
specimen, 50°C hotter, was dropped into it. For accurate determination, Ts 
must change instantaneously from TQ to che bath temperature and then remain 
constant. These conditions were satisfied sufficiently well that the data 
were estimated to be accurate within + 2.5 per cent. For materials with high 
thermal diffus ivity values, the time intervals are relatively short and the 
accuracy for the time measurements is subject to greater error. 

The specimens used in this method must be homogeneous and not have 
a phase change in the temperature range of the determinations. 

* Olson, F. C. W., and Schultz, 0. T., "Temperature in Solids During Heating 
or Cooling. Tables for the Numerical Solution of the Heating Equation", 
Ind. Eng. Chem., v. 34, n. 7, 1942, pp. 874-77; Ceram. Abstracts, v. 21, 
n. 9, 1942, p. 196. 
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Thermal Diffusivity 

FIXED CYLINDER METHOD (TRANSIENT HEATING) 

Flieger, Jr., H. W., and Ginnings, D. 0. "Thermal Diffusivity and Con¬ 
ductivity of Porous Zirconium Oxide at High Temperatures", NBS Report 
No. 5642, November 1957. 

Thermal diffusivities can be determined by transient heating of a 
specimen at either a constant surface temperature rise over the ranges of 
100° to 1200°C or a sinusoidal temperature change above 1500°C. Only 
determinations based on the constant temperature rise were experimentally 
made. Theory for the sinusoidal change was described. The specimen is a 
hollow cylinder; both the outside and inside surfaces are flame-sprayed 
with nickel so that thermocouples could be attached to determine the 
respective "effective" tentperatures. The outside surface of the specimen 
is heated by radio frequency power (induction heating). 

Thermal diffusivity, a , is calculated from 

a = 
2(A0) 

“ (r22-ri2) - ri2ln — 
? rl 

(20) 

where rj and r2 are the respective radii of the specimen and A9 is the 
time required for the inner temperature to come within l/e of the change 
of the outer tenperature. However, a and the outer surface temperature 
change with time must be constant, transient effects must be absent and heat 
flow across the inner surface of the specimen must be zero for the above 
equation to be valid. Experimental data are estimated to be as good as ± 5 
per cent of the true values of thermal diffusivities after corrections have 
been applied. Maximum data variation from numerous determinations at several 
heating rates was about Í 2.5 per cent. 
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Experimental Methods 

Thermal Diffusity 

FIXED-PLATE METHOD (TRANS-TENT HEATING) 

Plummer, W. A., Campbell, D. E., and Comstock, A. A "Method o-f 

a9in.“ty t0 1000"c''’ vox! HX™1 

materia.’’ if^“ f 
constant heat source. In this method ^o1XOV ^ an lnflriite solld from a 

., , , xn tnis method, the specimen with a sheet heateT- on 

wiched h r Sheet heat SÍnk (thermocouple plate) on the other side is sand¬ 
wiched between two blocks of specimen material. 

ture rise Ifthe^t so^e^f^O^and t^tT^h ^ ^ , ^ source, x - 0, and that in the heat sink at <5omp d-ic 

X =Co'is' ^ the heater* The rati° °f the temperature at x = x to that It 

/ \ T(xn) 
R(xp) = = ierfc(x-p) 

(21) 

The ratio is tabulated as a function of ivO t?o>. c 

ing to the ratio and the time is then read L ^h ^ C°rreS^- 

n„, < Dfa obtalned wlth thla method have an average accurarv within +ls 

late the retired condition of ^i“6 “ ^ 
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