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Thermal Expansion of Solids

Ken-ichi Hirano

In view of increasing interests in thermal expansion of solid materials, various principles
or concepts concerning the thermal expansion phenomenon are illustrated.

The contents of this review article are
Why thermal expansion occurs.

Thermoelastic effect in solids.

Conclusion.
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Introduction and definition of the thermal expansion coefficient.
Thermodynamical treatment of thermal expansion.

Effects of phase transformation and magnetic transformation on thermal expansion.
Materials having peculiar thermal expansion properties.
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Fig. 1 Specific volume of a material as a func-
tion of temperature.
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Table 1

a X 10° at 20°C

il

Linear Coefficients of Thermal Expansion.

Aluminum 25.0 Gold 143 Silicon 24.0
Antimony  12.0 Iron 12.1 Sodium 75.0
Bismuth 13.3 Lead 29.1 Tin 26.9
Cadmium 28.8 Magnesium 254 Tungsten 4.3
Chromium 6.8 Nickel 12.8 Zinc 26.3
Cobalt 124 Platinum 9.0

Copper 16.8 Potassium  83.0

Pyrex Glass 3.2 Brick 9.5 Rubber 1100
Silica 0.5 Ice (0°) 50.7 NaCl 40.5
Concrete 12.0 Paraffin 110.0 SiC 6.6
Alundum 8.7 Diamond 1.1 Cak, 19.5
Fire Clay 8.0 Sulfur 64.0 MgO 9.7

Table 2 Thermal Expansion Coefficients of
Nonsymmetrical Crystals.

a X 10¢
Magnesium 27.0 25.0
Cadmium 49.0 17.0
Arsenic 28.0 3.0 [Parallel to (0001)]
Ca(OH), 33.0 10.0 [Parallel to (0001)]
CaCO, 25.0 —6.0 [Parallel to (0001)]
Zn0 59 6.9
Si0, (quartz) 9.0 14.0
KAISi, O, 19.0 -1.0

Table 3 Comparison of linear thermal expansion
coefficients {(averaged values between
0°C and 100°C) of metals with those of
ceramics (Nakahashi et al.)

2 i
24—~ o e
Al
22h —m e ]
00 -+, L
T:] IR R
'C\l
B £ o
9‘ YF--—- . .I—\]'_ ————— e — ——
1
Y R 2 A S —
¥ IOf~-————— == - ZrQpy——=~-~—
AR R €
6L ta__ | ALO 6%
eZr, Mo .
d e DA ]
Si I— ¢ SiC
2 —————————————— + '813N4 ______
| U ) 1O S
-2 *C
Metals i Ceramics

B AEEEDTRTEDOTH %,

ITHFEEF VY 70 o T 30F — OIEFRFSL 5
BIEE A RESESH T LG Fig 2 CRLICE, Th%ixs
St bLi T LTH LD, Fig2DLHUEHRF V¥
Fe TRNF—L g RS ET L EELRAOTE

B4 &R

U(x) =ax?— gx*— fx* (8)

THEHLTENRTESY , B IHIANETH Y, 2
ERBLUEIIAIEEFENIETH S, F2HEIRTF V>
e TRV F-OROEMESERICE Y, HillobR
2EHLH0, THLEETHORNEEDSLLDTH
%, FIMHMEIADELXFLLT LD, dHbLLERORE
FHEDONEEDE D THS,

BETICEH D xOWEE x dRvy < v HBEE
HOTHRO LD ICETEE NS,

‘fxem[—(a%~gx~ﬁk)/%7jdx

¥ =7

J_: exp (—(ax?—gx3—fx*)/ by T) dx

(9)
tftk“iwaVVEﬁT%éo
FEHEMB DS IBEIE,

Sxt )

(1 %ol | ksT ks T

Netsu Sokutei 15(1) 1988

expl 27 gx +fx \



RINDE- 7

EHPTELOT, THxOIC AN TEtET 2 &

£
a

;c:% s kg T bl

LB, LichioThilgskifita it

_ 6x _ 3kpg
a = Y —W 11

LB, Thichiud, o REICEE LISV C &icts
b,%%%%&%%?éc&ﬁfsmwo%CT,I*W
DEFALEERE L7 R OAS 4 & 15 205, B %

%ﬁ%ﬁllﬁ@mfﬁ"%%ﬂézé FREEBE TRV, 22T,
1=z
2’ g —=

LT, COEABRFHAWICETTEE

38 . Ao

}:
4a% exp (Fo/bgT)—1

(13)

tﬁbhz%%f%b,h37577@iﬁ o BT
BE DRI CH 5o GEOEAICIZIIZAERD
BETT—-0&KBiIEONT

38
4a?

¥ =

o exp (—Tw/kyT)
E78B, LEkcd-T,
_0x _ 3gkg, Row
=T 4 T ( (14

Y, T—>0IE2NTa— 0L BHEBEERE L —
b, TN r—>0Tec, »0&B3 LIl d 3
(Fig.3)o

X107° Joule
g°C
10 - 0.16

fo} I 1 1 { ! 1 i

)
0 100 200 300 400
T/K —>
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