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A compilation is currently under way on the thermal expansion
of pure dense materials melting above 1000°C. A preliminary tab-
ulation summary of the data is presented here in terms of percent
linear expansion above 25°C. The expansion represents average
linear expansion, i.e., approximately one third of the volume ex-
pansion. Additional data on the materials presented here or on
other materials of interest would be appreciated by the author. A
discussion and references will be presented later in a revision of

this report. ‘
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TABULATION OF THERMAL EXPANSION OF
HIGH-TEMPERATURE MATERIALS

; Percent expansion from 25°C to
Material 500° 1000° 1500° 2000° 2500°C

BESENIEL g 95 1. 80

B 0. 39 0.81

Nd 0. 36 0. 70(800°)

Gd 0. 32 0.97

Tb 0.45 1.14

Dy 0.49 1.20

Er 0.50 1.25

U (a) 0.85 1.27(662°)

U () 1.57(662°) 1. 77(770°)

U (y) 1. 70(770°) 2.25

Ti (a) 0.50 0.91(882°)

Zr (a) 0.33 0. 62(870°)

Zr (B) 0.40(870°) 0.52 0.82(1300°)

Hf 0.28 0,58

Th (a) 0. 60 1,22 1.72(1400°)

Th (B) 1. 69(1400°)

\4 0.46 1,04 |

Nb 0.38 0. 81 1.28 1.78

Ta 0. 31 0. 69 1.10 1.53 2.05
Cr 0.42 1,07 2.02 2.18(1600°)
Mo 0.28 0.56 0.96 1.47 1.98
W 0.215 0.465 0.75 1.07 1.45
Mn (a) 1. 70 2.53(727°)

Mn (B) 3.83(727°) 4,94 5.34(1101°)

Mn (y) 5.66(1101°)  5.81(1137°)

Mn (5) 6.17(1137°)  6.61(1244°)

Re 0.32 0. 67 1.04 1.44

Fe (a) 0. 68 1.32(900°)

Fe (y) 0.96(900°) 1.17 2.09(1390°)

Fe (6) 2.27(1390°) 2.54

Ru | 0.37 0.46(600°)

Os 0.26 0.32(600°)

(continued)
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500°

Percent expansion from 25°C to

Material 1000° 1500° 2000° 2500°(C
Co (B) 0. 63 1. 80 - ]
Rh 0.45 1.05 1.79

Ir 0. 34 0.77 1.27 1.80

Ni 0.75 1.67

Pd 0.6l 1.36

Pt 0.46 1.02 1.67 2.04(1770°)

Cu 0.88 2.10 2.35(1083°)

Au 0.73 1.65 1.80(1063°)

C (diamond) 0.122 0. 344 0. 647

Si 0.168 0. 383

Borides:

SiB6 0.25 58

Ca.B6 0.24 0.57

BaLB6 0.28 0.63

LaB6 0.23 0. 56‘

CeB6 0. 30 0.65

SmB6 0.28 0.63

ZrBZ 0.27 0. 64 1.03

HfB2 0.25 0.54

Carbides:

BeZC 0.48

B4C 0.23 0. 54 0.89 1,29 1.75
SiC 0.22 0.50 0.81 1.14 1.47
TiC 0. 34 0.75 1.20 1.74 2,40
ZrC 0.29 0. 64 1,04 1.51

HiC 0. 30 0. 61

NbC 0.31 0. 69‘ 1.10

TaC 0. 30 0. 65 1.05 1.51 2.08
Cr3C2 0. 38 0.97

Mo, C (B) 0.26 0. 60

WZC 0.17 0. 37 0.59 0. 84 1.17
wC 0.21 0,48 0.79 1.15 "
ucC 0.44 1,04 1.74 2. 58

UZC3 0. 36 0.89 1.58 2.02(1800°)

UCZ 0. 30 0.92 1.86 2,60(1800°)

(continued)
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Percent expansion from 25°C to

Si0, (B~quartz)
SiO2 (a~-trid.)
Si0, (Bl -trid.)
Si0, (Bz—trid. )
SiOa (vitreous)
TiOZ

ZrO2 (monocl.)
ZrO2 (tetr.) .
HfO, (monocl.)
HfOz (tetr.)
CeO
ThO
UO2
SnOZ

2
2

1.53(575°)
0.17(117°)
0.23(117°)
0.44(163°)
0,025
0. 39
0. 31

0.26
0. 39
0.41

0.45
0.16

1.22(575°)
1.42 ‘

0.38(1632°)
0.92(500°)

O, OB

0. 66

(). T4.
2,23(1050°) -
0.57

0.87
0.92
1.09
0.41

(continued)

1.02(1000°)

1.40

0.79(1050°)

1.64
0.93

0.22(1700°)

1.50

1.43(1200°)

- 1,50(1600°)
1.08(1700°)
0. 60

1.75(1700°)

Material 500° 1000° 1500° 2000° 2500°C
Silicides:

Cr3Si 0.47 1,08

C::Si2 0.57 0.87(700°)

Mo3Si 0.27 0. 68

MoSiz 0. 37 0.83

WSi2 0.37 0.81

Nitrides:

BN 0.58 1. 30

AIN 0.23 0. 54

Si,3N4 (a) 0.10 0.28 0. 54

SizN, (B) 0.07 0.22 0.46

UN 0. 38 0. 84

Oxides: .

BeO 0. 36 0.88 1.52 2.19
MgO 0. 61 1.33 2.23 2.82(1800°)
CaO 0.56 1.28 2.25

SrO 0.59 1,32 1.64(1200°)

TiO 0,43 1.20

FeOlmx 0.56 1.42

ZnO 0.28 0. 66 0.82(1200°)

Si0, (a~quartz) 0.92
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Percent expansion from 25°C to

e

Material 500° 1000° 1500° 2000° 2500°@

ALO, 0.36 0.83 1.37

Sm203 (B form) 0.43 1.02

Eu203 (B form) 0.45 1.08

Gd203 (C form) 0.43 1.02

Dy203 (C form) 0.36 0.95

Cr‘?‘O3 0.40 0.84 1.30

Fe203 (a) 0. 54 1.20

Co‘?‘O3 0.55 0. 72(635°)

Cd203 0'.44 1.02

WO3 (monocl.) 0,42(330°)

WO3 (orthorh,) 0,42(330°) 0.58(500°) 0,86(730°)

WO, (tetr.) 0,81{730°) L, 32

MgA.lZO4 0.37 0.82 1.35

MnA1204 0.31 0. 70

FeAJ.204 0. 38 0. 84

CoA1204 0. 38 0. 83‘

NiA1204 0.37 0,82

Zn.Al.ZO4 0. 38 0.84 1.05(1200°)

MgCr,0, 0. 34 0.717

MnCr204 0.41 0.91

FeCr204 0. 39 0.87 1.10(1200°)

ZnCrZO4 0. 39 0.85 0.96(1200°)

MgFe,0, 0.49 1.18

ZnFe204 0.43 0.96

LiZO-5AlZO3 0. 34 0.81

LiZO'AIZO3 0.55 1.21

BeO ’A1203 0. 35 0.78
ﬁ%fd‘ﬁ-—é@&%—*——%&%&)—%

BaO'AlZO3 0. 32 0.73

2B203'9A.1203 0.18 0.41

2Ce02'3AlZO3 0.42 0.93

2Th02-3A1203 0. 37 0.83

(continued)
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Percent expansion from 25°C to

Material 500° 1000° 1500° 2000° 2500°C
C0203'A1203 0. 37 0.83

ZSnOZ' 3A1203 0. 34 0.75

BeO- Cr203 0.32 0.73

ZBeO'SiO2 0.27 0. 62

ZMgO‘SiO2 0.49 1.14

Z.Ca.O'SiO2 (B) 0.63 1.40

MgO'SiO2 0.50 1.05 1. 60
Ca.O°Si.O2 (a) 0.47 1.09

CaTO'SiO2 (B) 0.27 0.40{7007)

ZI“eO'SiO2 0.45 0.97

ZZnO'SiO2 0.14 0. 31

3A1203' ZSi.C)2 0.22 0. 50 0.83
ZrOZ'SiO2 0.18 0. 45 0.78
H:l:'OZ‘S:'LO2 0.14 0. 32 0.44(1300°)
ZMgO'TiOZ 0.48 1.07

MgO'TiO2 0. 34 0.77

MgO'ZTiO2 0. 39 0.88

Ca.O'TiO2 0. 62 1,37

SJ:O'TJ'.O2 0.41 0.92

A1203’Ti02 0.41 0.93

ZrO2 °TiOZ 0. 35 0.77 1.03(1200°)
MgO-ZrO2 0.49 1.17 1,98
CaO-ZrOZ 0.43 1.02 1.31(1200°)
SrO'ZrOz 0.42 0.94

Ba.O'ZrO2 0.37 0.83

Cr203'Zr02 0.23 0.55

Ca()'HfO2 0.29 0.71
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on hehalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this-
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractoer of the Commission, or employee
{ of such contractor prepares, disseminates, or provides access
- to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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