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The Precise Measurement of the Therimai Expansica

| Coefﬁcient-of'_éiass by Interferometric Dilatometer

T, KISHIX )

fakye Shibaura Electrie Co., Tokyo pi

La mesure précise du costficlant de diiatation
des verres ay dilatomatre interférentiel,

SOMMAIRE

En vue d'une mesurg précise du coasfflclent de dilatation ther-
mique «es verres, l'auleur & utiliss un dilatometre interférentisl
eta essayé d'améliorer 'apparei: ainst que e mode opératoire;
La mesure prél'minaire de la longugur de i'éprouvette est faite
an utilisant une éprouvettz auxiilaire et 'on cbsefve matns de
trois franges d'interférence, lorsnue les dey Sprouveties sont
introduites entre les surfacds optiques. Cetle facon de fairc
permet de déterminer |a longueur de {'éprouvetis avec une
nvécision de 2.3 w lorsque veur de "éprouvette auxiliaire
est mesurée & l'aide d'un 12 A4 vis. '
La mesure gxacte de [ <-ta est faite aprés son intro-
duction dans linterféromiics e utifisant simultanément tes
raies Hg (V) 5460, 7438 et Cd (R) 6436, 4696 3,

LUordre de'la frange peut &tre détarminé exactement en mesu-
rant au micromatre oculaire fes distances enfre deux franges
voisines donndes par les deux rales, ’

On trouve qu'it existe entre Pordre de la frangs, », et ja longuelr
d'ande  relatives aux deux rales utilisées uag relation telle que :

- L LML o 4

Tay — = — B

L as ordres das franges peuvent &ire déterminés sans ambiguité
i on recherche ies valsurs appropriées de o par tatonnement
usqu'd ce que la reiation cl-dessus soit satisfaite, i Pon muilti-
olie |z maitié de la longueur d'onds par {'ortire de la frange déter-
mind de catie manidre, il est possible de calculer la longueur de
Henrouvette avec une précision de 0,015 w.

Le déplacement des franges aux températures T, et Ty 8 &t
nnsefvé et on en a déduit ta modification de la longueur de
Iranrouvette, puis la valeur du coefficient de dilatation. La repro-
ductibilté a été trouvée ggate & <= Q.2 » 1077 par degré C,

Cofte méthods, gui offre |a possibiité de mesurer [a cilatation
avec une grarde précision dans un grand gomaineg ¢4 temipéra-
ture, a permis de déceler existence de quelques anomalies
nouvelles du coeficignt de dilatation des verres & des lempe-
ratures inférieures & 300 *C. :

" Genaus Massung des Ausdehnungskaeffizienton - des

&lases mit Hilfe des Interferanz Dilatommetars.

T ZUSAMMENFASSUNG

Der Autor beschreibt Yerbesserungen in Konstbuktion und
Anwendung eines Interferenz-Dilatometers.

Die Probenlinge wurde einleitend mit Hilfe siner Hilfsprabe
ermitteit, derart dass weniger als drei Interferenzetreifen beob-
achtel wurden, wenn man boide Proben zwischen die oplischen
Fiachen legte. Auf diese Weise kann man dis Probeniange mit
einer Genawipheit von 2-3 u bestimmer, wenn die Lange dei
Hilfsprote durch ein Schraubenmikrometer gemessen ist,

Nach Sinfihrung in das Interfereometer wurde die exakie
Probentdange durch gieichzeitige Beabachiung der Spektrallinien
Hg {6) 5480, 7430 und Cd {R) 6438, 4696 A gemessen, Die Grc-
nung der Streifen kann genau ermitiatt werden, wenn dig Abe
stande zwischen zwet henachbarten Streifen 1ir beide Spek-
traitinien durch ein Ocularmixrometer gemsessen wardan.

Da zwischen der Streifanbreite a und der Weilentange & der
endsprechenden Spekiratiiaien die Beziehung

fn Ay — Pg kg — 055

g - T
A

nosteht, konnen dig Straifantreiten genau pestimm? wardan,
wenn dle n-Werte durch Probieren richtig gewshlt sind, sodass
sis der angegesenen Beziehung geniigen. Wenn die haibe
wellenlange mit der sa bestimmtan Streifenbraite muitipiiziert
wird, soil es maglich sein, die Ergbenlange it einer Genauigkeit
von 0,015 @ zu~barechnan.

Bei zwei Temperaturen, T, und Ty wurde die Verschiebung der

\nterferenzstreifen becbachtet und daraus die Anderung der
Probenlange und schiiesslich der Ausdehnungskoeffizient bere-
chnet, Die Reproducierbarkeit netrug - 0,2 x 1077 o,

Die Methode erfaubt die Prazisionsmessung der fusdehnung
in einern zemlich grossen Temperaturberaich, £ wlirden einige
bisher unbekannts Anomalien im Werlauf des Ausdernungshkoot-
fizlgnten von Glasern bet Temperaturan unterhalt 300°C entdeckt

{*) B, Se. = Stafl membér of Glass Frsineerimg Section, Lamp and Tube Mauwfacturing Leparuzeut, Tokyo Shibaura Electric €o.
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INTRODUGTION

Since the invention of an interferomelric dilatometer the
instrument as well as lhe procedure have successively been
improved to obtain betier accuracy, and now the automatic
recorders are quile usual {1, 14],

Being an important properiy sspecially for the process of
sealing, the expansion of glass is measured in various Ways
and is used ik many glass factories as a rouline test which
provides a key for carrying on the quality control, X

Owing to the ever increasing demand for constant glass
quality the control Jimit is becoming narrawer and narrower,
and il is now necessary to check frequently the conventional
forms of apparatus for aceuracy by eomparing with ihe results
obtained by a more exact instrument. Although it was
found that an interferometric dilatometer provides sufficiently
accurate results te meel the requirement, the eurrent proce-
dures would have to be improved hy improving the method of
measuring the sample length and by securing a more uniform
temperature disiribution throughout the sample. In most
cases one would expect the errors to be caused by surface
films, condilion of selting as well as the shape of samples.

A series of systemalic studies have been carricd out in order
to establish methods which will reduce the expected errors o
a4 minimun.

Having develope:! the new method suceessfully the awlhor
measured the expansion of fused silica, horosilicate, petas-
sium-soda-lead, and of soda-lime-magnesia  glass, By
virtue of high accuracy it was possibie to provide a positive
proof of the existence of anomalies in the expansion coeffi-
cients whose behaviou depends on the thermal history of the
glass. Although the transition poinls below 300 oC have

-already been suggested by some authors the preseni resulls
would be of some service for considering the glass structure in
the light of recent theories,

1. — APPARATUS

The apparatus consists essentially of two inlerferometer
plates miade of polished Pyrex brand giass placed either side
of a tubular test piece whose longitudinal dimentional change
was determined by the optical path differcuce between two
pencils of light ray each reflected at the surface of the inter-
ferometric plates, The optical palh difference gives rise to
interference fringes at the ocular micrometer by “which the
dislance between two fringes of subsequent order is measured.
The change of this distance is directly related to the change
of the length of the specimen. The use of this principle
senerally eneables the measurement of length to he made to a
degree of accuracy higher than that attained by any other
method. The gemeral arrangemenl is reproduced schema-
‘tically in figure 1 which in many points works in the same
way as the MERarrT's instrument f9) excepl sorne minor

- ¢hanges, being introduced for using, successively, the different
dight sourees, and for minimizing the temperature difference
" throughout the test piece. )

- Monochromatic light was ohtained by the combination of
some speciat lamps combined wilh two filters whose trang-
mission curves.are reproduced in figure 2, The lines of Hg-
greon B.461 A (g), He-violel 4358 4 (v), Cd-red 6438 X (R),
and Cd-green BOSA A {G) were used . )

An electric tubular furnace in which the sample rests io a

s}GThe spectral lines are abbreviated respectively as g, v, R

thick aluminium cup at the cenlre was provided with a ther-
mostat which, with the aid of a subsidiary thermo-junction,
made j\ possible to heat up to the desired temperature very
quickly, and lo keep constant al thai temperalure for a long
fime. )

Aluminium was found to be an appropriate material fop

i a—

/'
Pliter Spectre lamp

=1

o Fotentic-
qetar
Seapla
“
=2

Fre. 1,—Apparatus,

Lt Leps T = 34 em.
Om: Ocular micrometer. :
M: Mirror with siit and diaphragm,
31 Pt 13 9% Ith ihermo-jadnetion,
it (riass plate,
B Plaiform {refractory),
Al Aluminium cup 70°¢ X 100 (hole 40 ¢ X 60).
T Thermisior, :

the spacimen container [10] sinee its thermal conductivity,
being abou! ten times of that of stainless steel, makes the tem-
perature distribution sufficiently uniform, while the rate of
oxidalion is very low_as long as it is used below 40C °C.

60 |- Violet

Traosmission

I i lB IG ﬁ

C.4 0.5 0.6
: Wave Length _

Frg. 2. —Transmission Curves of Filters.

The maximum lemperature difference measured by a diffe-
renlial ihermo-junction at the sample’s surface has proved
Lo be less than 0.5 °C when the lempersture was kept constant
at 300 °(, and less than .5 °C when it was raised at a rate
of 1.5 *C/mn. The temperzlure fluctuation was found to

- be less than - 6.2 *C during an hour’s observalion, which

increased to about - 0.8 °C if the observation was prolonged
for several hours,
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Z, — PREPARATION OF TEST FPIECE

Samples were prepared from lubing drawn, by hand or

by machine, baving & diameter of 10-13 mm. The lube was -

10 mm long, and was nolished at both ends hy an oil slone
until the inlerference fringes were observed when placed
_ between the interferometer plates. It was then washed in
a hot aqueous solulion of sodium carbonate follownd, successi-
vely, by water cleansing, drying at ebout 100 ¢C, and polishing
with dry, fine alundum powder until the interference fringes
of sufficienuly wide piteh was observed. As a [finjshing
iouch the polished lube was worked se that it has three points
al-each end. N .

This ralher complicated method of preparing the sample
has proved to be necessary o eliminate the effect of surfece
films [2, 10]. [t was also confirmed tlmt no easurable
change occured in the Jength of specimen by drying at ahout
100 =C, -

3. — METHOD OF MEASUREMENT

The present method consisls of simply measuring the
sample length al two temperatures, say, T, and T, with the
highest aceuracy so that the mean hermal expansion may be
ealeulated, Therefore it is of prime importance lo know Lhe
exact values of temperature and of the length of the specimen.

a) Measurement of temperature,

The combination of Pt-Pt 13 ¢4 Bh thermo-junction with a

polentiometer made it possible to read the temperature to
.05 0. The precision, however, might be regarded os
0.6 °C at 300 °C and 0.1 °C at room temperature laking into
account of the slightly uneven temperature distribntion at the
surface. :

b) Meagurement of sample length. -

In order to fori the basis of the measurement the sample
length has to be measured with sufficient aceuracy. For this
_-purpose the author used a subsidiary piece whose leng!l was
proved lo agree with that of the sample within thres wave
lengibs when both were brought logether between the inter-
forometer plates, The arrangement is shown in figure 3.
For the exact evaluaticn of the sample lengll with kuown
accuracy the author used the coincidence method {16, 5]

ENEA

Fig, 3.—Comparison of the sumple length
with that of subsidiary piece.

. I,: interferometer plates,

ample.

bsidiary piece,

Iy

T

.

originally introduced by SauxpErs in the mocasurement of
tno jnterference fringes of equal thickness 713], with some
modifieations.

In the first place the sample was placed belween two

interferometer plates ag shown in figure 1, and tho disiance
velween the arbitrary. seiecied dark parts of the interference
{ringes of several spectral lines (g 5461 A, GB086 A RG43BA,
v 4358 1) was measured by the ocular micremeter, In
order lo know the order of the interference frir ges a point

i
£+l

=1

t

R l :

v=1 v !G

Fi6. 4.~—The determinativic o0 the relative position of interference
fringes by R (Cd Jed), G {Cd Green}, g {Hlg Green), v (Hg Vialet)

liges,
Fringe order,

g = 40 100
It —= H4 ut!
G = 43 07
v = b 244

distanee #. g; distance (I, G —1) 0,52
s =4,%2

= — = =,85 T e
2= Fistance g+1.m ? M sanee (G, G — 1)
iy = 0,8 sy =09
hy =8

was marked either on lhe sample or on the upper interfero-
meter plate, and the order was referred as zero when’ the
dislance between Lwo plates was zero so that the integral order
nlways corresponds to the dark part of the fringes. Figure 4
lustrates schematically how ibe relative pasitions of the
speetral lines were evaluated, o

A dark part of the interference fringe by R (Ud red 6 438 Al
the order of which is K*, was used as a standard and the
distance between R and ¢ (Hg green 5 461 &) as well as thel
belween the first and the seeond order of g {g -+ 1, g} were
mensured.  From Uhe resnits o constant ay,

stance (R, ¢

" Tistance 19 + 1, g)
{which corresponds lo the fraction of the value K* vl was
c .

calculpted for the value, say, ay, = 0.58. The same proce-
Jure was repealed for the other combinations of the spectral
lines in order o oblain ag,, a,,, ay, and a,¢. -

The second step Is to deterinine the order of inlerference
fringes, ‘The Jength of the subsidiary piece was measured
with a screw micrometer with known accuracy. As this
value can be presumed as Lha! of the sample length measured
hy the screw micrometer, the range within which the order of
the fringes by B 6438 A, K*, exists may be estimaied. '

For each value of K* being included in this region values of
ay, were caleulated in order to cheese the K¥ value which
made the observed and ealeulaied values of ay, lo coincide.

The same process was repeated for @gy, o @us, and a.q
for the purpose of finding out one set of the orders of tha
fringes K*, L%, cic., each corresponding io ihe spectral lipes
R, G, ete, ’

When the sample length is known with the accuracy of 3 g,
ihe appropriale value of K*, L¥, etc. may be fixed if ay,, ete.,
can be measured with the sccuracy of 6,40, When the sample
length is known with the accuracy of § the values of the
orders may be fixed if ay, can be measured with the accuracy
of 0.06, and those of gy Oy Cun, G With that of (.18,
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As lhose values may be estimaled wilh accuracies higher
than ihose in above exampies K*, 1%, eic., may generally be
determined even when Lhe caleulations are performed under
the assumption that the accuracies so low as 10 « and 0.40 for
the sample length and for ay, , cle, respeclivelv, The author’s-
experience has shown that the accuracy of the measurement of
iy a(;_,,, 178 is 00:)-

The third and lhe last slep is the evalualion of Ihe exact

sample length. As the order of the inierfercnce fringes in

ihe field of the ocular micrometer can thus be delermined the
order of the interference fringes at the marked point, or the
order at the marked point, for example hy G 5 086 i L, can
be known with the precision of 0,08. If the half wave
length of G (the lines of Cd green) be muliiplied by the
corresponding order L a: the marked point, the sample
length may be calenlated with the precision of 4+ 0.048 K,
although the wave lenglh shold be correcied because of the
influence of temperature and atmospheric pressure. This
point will be referred helow,

¢} Air correction.

The wave length of light is affecled by the feniperalure
and pressure of air, and consequently it is necessary to make
some correclions for thess influences. The air correction was
calculated by assuming that the wave length of light and the
re{ractive indices of air in the standard stale {15 °C, 760 mmlig)
have the values as given in Table 1 [18], and those of “refrace
tive index - 1" are proportional to absolule temmperature, and
are inversely proportionel to the atmospheric pressure,’ '

Tasie |-
3o , {ilefractive
e Wave Jengih index - 1) 107
l‘l\ _I
Cd (B) ..... T I 6438,5695 2763.8
Cad.(GY ......... waoal 5085,8212 2787.2
HE(®) .ccoovvnnn.. 5460.7430 2778.8
Hg{v} ........ vres 4358.32% 2810.5

If % represénts lhe wave length in slundard state and
Ar i the sir correclion at the temperature T under the
atmospheric pressure p, the wave length at T, p will be given
by . .

' g =20 (1 Ay

The calculated air correclion seems to be correct with the
brecision of 2 % 10 at room temperature, and 2 > 10+
in the temperature range. between 0 °C and 300 °C,

The refractive index of air and ils varialion due io the
change of temperature and pressure a! room temperature
have aiready been thoroughly sludied, so ihat it may be
calculated with the help of the following three experimental
formulas. . '

, 1,478 0.0316
(288'.02 Ty T A'.u,)

(n—1) 108 = k{1 + B

B = 24 x 10~ (a) [20)

t
TG0 (T + 760 B) T 0.003716

1.476

i ) 0.01803\1 4+ w20 B . _
- (e 1} —(_‘268.036 [_l’m - ) rra =5 107
« = (.00367 (6) [21, 29]

Cope o i cEEp |- 20

fllw-—.- 1y = {H._lu;nu l)'l Tb‘“l:f + ?ﬁoﬁ) } -}_. Ta

z = {L003GT74; 5 = 0.37 x {0-%
(€) [23, 24

Allhough il is not clear how well these equalions can be
applied lo higher temperatures the author iried to ealculale
ihe air corrections at higher temperatures by mers extrapola-

" lions. The resulis of the calculation is shown in table 2,

Tasee 2, — The air correction for He (Y) 8876 A
Ay gy unit 10—

] By equation . DBy By
Temp. i —| MERRITT | the author’s
' @) J o) I © [g1m assumption
20 -c! 0.0479 J 0.0474 | 0.0474 |  0.05 0.0473
100 +C | 0.6382 | 0.63%6 | 0.6320 |  0.635 0.6313
. B0 ! 1388 | 1.380 | 1.380 1.38 1.378
mno-cJ 2451 | 2046 | 2.446 2:14 2.154
. F

') Begs It original table is converled 10 Apg.

d) Measutrement of Expansion.

Having measured Lhe sample length very exaclly at room
temperature we now reach the stage of measuring the dila-
iation due to the lemperatuve elevation as well as the change

_in lengih during prolonged observations.

For calculation of the thermal expansion coefficient il is
nécessary Lo know ihe order of the interference fringes at the
inarked point al any set of temperatures T, and T,.

The usual method for determining the order at high tem-
peraiure is 1o counl or to record with an automatic recorder
the number of fringes which pass through the marked point
duving the heating of the specimen.

It was conflrmed thai the coincidence method can also be
nsed for this purpose, Let 2D represent the optical path
difference at a dark part of the inierference fringes by R
{Cd red 6438 A) at the lemperature T,, K* its order, and L
ihe order of the fringes by G (Cd green 5086 A) at the sample
place we have the following relationiwhich may.be used for
evaluating the exact value of L.

QD = 1|{,K* = M.L
(L4 A1) K¥ == ac{1 + Ag) L
di == K¥h /20, 4+ L{ds, — Ac
{0 K¥an,u= Ixg)

If L is known previously with the accuracy of 4 2 to 4
the exact value of . may be determined by calculating L for

every K* and comparing the fraction of it with that of measur--

ed value. Furihermore L can be delermined by using g
(Hg green B 461 A) together wilh R and Gwhen L is previously
known wilh the accuracy of 6 to4- 13. The aceuracy being
necessary for measuring the fraction of L is 4- 0.10,

The same procedure may he used for the messurement of
(he dimensional ¢hange of a specimen while its temperatnre
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is kept constant for & long tims, It may also be used for
checking the errors whicl: may occur in counting the number
of moving fringes during the hesting-up process, or for the
comparison of the length of specimen before ‘and afler the
experiment, ' '

4. — TEE REPRODUCIBILITY
OF THE THERMAL EXPANSION COEFFICIENT

As the sample length may thus be determined at different
temperatures, say, T, and T,, the mean value of the thermal
expansion coefficient belween these temperstures may be
estimated as follows.

Let 1 be the semple length and N the order of the rrin.ges'

at the marked point, The wave langth and the values of N
should be known al three different temperatures, namely, at
15, T,, and T, °C, each heing distinguished below by adding
the suffixes 0, 1, and 2 to the corresponding notations,

Then there exists the ‘relations,

h=Na2 =+ aNxn2 @t T
Iy == {1 -+ AJN/2 (at Ty),
and the mean thermal expansion coeflicient is given by:
aryrg = b — L/0(Ty — Ty,
As the wave length at 45 °C was used sg a stendard it is

convenient to use the sample length at 15 °C to calculate the
thermal expansion cosfficient.

When & = 40 mm,
: B =08y,
T, = room lemperalure,
Ty = 300 o(,

and ths expansion coeflicient of the sample,
apap = 100 X 10-7/0C

thep N, will be equal to 4 3¢ 104,

.~ 4= As the precision of measuring T, = 0.1 °C, and that
of measuring T, = (.6 oC, T,~T, will approximately be
equal 1o 300 °C with the precision of 0.7-°C, whose relative
error amounts to 0.23 94,

2° As the precision of measuring N, and N, = 0.08, and
that of caleulating A, = 1 X 10-*%, and that of caleulating
A, = 4 % 107, taking into account the error caused by that
of measuring temperature and atmospheric pressure, the
precision of ! and /, becomes 0,045 » and 0,020 p, respecti-
vely. Therefore, !;—1{, will spproximsltely be equal to 30y,
with the accuracy and the relative error of 0.04 u &nd 0,13 8.

3 The precision of I, is 0.02 w, and its relative error is
0.0002 94,

Consequently, the repeatabilily of the messurement of
the therma! expansion coefficient is expected to be about
o= 0.4 %, namely + 0.4 x 10-7/0C,

4. — THE SURFACE FILM EFPECT AND ERRORS CAUSED
BY THE DIFFERENCE IN EXPANSION BETWEEN THE
SAMPLE AND THE INTERFEROMETER PLATES

The surface fllm adsorbed on the sample is known to be
one of the principal sources of errors (2, 10}, As already
stated the method of preparing the sample was improved in

order to minimize this effect with the resull that the error

. coming from this souice was made negligibly small. An

example of checking the surface film effect is shown below.

The sample was prepared from a tube of vitreous silica (1)
by the method described in III. The fringe order, M, by g
{5461 1} at the mark point was measured with the following

result,

Sample Neo. 1

Sample No. 2

‘Transparent fused silica {ag
received).

- Tmmediately after preparstion:

12,2 <G, 765.0 mm QHg.
M == 47851.73 {12.06524 mm),

After heating 10 327.7 C
at the rate 1.5 +C/mn:
327.7 «C, 763.3 mm Hg.

M = 47853,65 (13.06771 mm),

Then after holding at 321.7 *C |

for 3.5 hrs.: .
327.4 +C, 763.3 mm Hg,

M = 47853.70 13.06772 mm).

After cooling:
14.0 +C, 762.9 mm Hg. -
M = 47851.77 {13.06528 mm}.

Opaque fused silica {prebeated
at 1 350 +C for 2 hrs).

" Immediately after preparation:

16,0 «C, 756,1 mm Hg,
(M = 36147.59 (9.86966 mm),
Afler preheating up to 280 «C

14.4 +C, 7624 mm Hg
M = 36147.70 (9.86565 mm).
After heating to 349.0 <«

at the rate 1.5 +C/mn:

349.0 «C, 761.7 mm Hg.
M = 36149.71 (9.87168 mm).
Then after holding at 349.0

for 3.5 hra.: .

348.5 *C, 762.3 mm Hg.
M = 36149.73 (9.87160 mm).
After eooling:
) 13.3 +C, 769.6 mm Hg.
M = 36148.00 (9.86970 mm).

The above figures prove that the dimensional change is
within the experimenta! error, If we assume that the silica
glass dogs nol change its length when heated to about 350 *C,
it can be concluded that the surface fllm effect can be neglecled
88 long as ihe sample is prepared by the improved method,

It will be expected tha! the difference in expansion between
the sample and the interferometer plates affects the set up

. conditjon, becausa the contact points would move around and

the coniaet pressure would change the direction during the
experiment, or during healing up, so that some errors might
ba introduced {2, 10].

. As in the author's measurerient the temperature was kept

constant for sulficient {ime to equalize the distribution around
the sample and the plates, the condition of contact will be
abou! the same as at the beginning and consequently the
possibility of introducing the errors would be reduced to
the minimum, .

Actually, when the thermal expansion coeflicient was
measured, keeping the lemperature consiant, & belter repro-
ducibility was obiained. In fact it has been proved that
when the expansion was measured in the continuous healing
up process, it was impossible to avoid the dispersion of the
data due to lhe difference in expansion deseribed above and
the uneven temperature distribution around the ssmple,

6, — CHANGE OF SAMPLE LENGTH
DURING MEASUREMENT
Racently it hss been revealed that glass changes its volume
when it iz kept at a constani temperature, This can be
observed by measuring its density change when glass is kept

{1 Manufactered by Nikon Denko Ca.
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at a temperature in the lransformaltion range {24, 28], and
by observing the ice poinl drift of the glass Lhermomeler at
comparatively low lemperature for a long time {29, 31],

It is usually considered, however, that the dimensional
change occurs very slowly at low temperatures, namely, at
temperatures more than 150 °C lower lhan the sirain poinl,

- and the time eflect would hardly be observed by heating only
a few hours as is the case of expansion measurement. But this
assumption is oot valid if the sample be held at a constant
temperature for some longer lime, or when the healing up

. Pen
o

!, Fused silica glass.

The result of measurement is shown in VI and no change
in leagth was observed when heated up to 330 oC,

2, Pyrek chemical resistant type berosilicate giass {fig. b
and (). .

The chilled sample contracted considerably at 301 °C. The
roughly annealed sample {heated at 650 oC for a short time,

L.

. T 1
Cbilled Sempla, 301,0%C

Total contraction=0.20K/cn

350

Totsl controction =0, 45 Pyen

-

Roughly ennealed eomplw, 301.0°C

Fi6. 5.-—The contraction of a Pyrex chemical resistant
type bargsilicate glass.

e

= -
E ; Totel econtraction=0,0% M /en
3
[
I
-
8 .
Fl . L J 1
U (53] pi-14] 1BGC 240 330 ‘min,
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for & hre.}
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ta,

-
haating up rate 1.5'C o

;

o

Tamtmra tures

rate is small in order Lo get hetier accuracy in measuring the
expansion. . .

A distinet volume change could be observed even ai com-
paratively low temperalure, for example, lower than 250 °C,
This effect was observed in the following experiments.

The sample was kep! at constant femperature within
4 0.6 °Cand the shift of the interference fringes was observed.
To eliminate Lhis time cffect, therefore, Lhe authoer ook ihe
following stéps ; the measured change of length was converted
o the valpe at ihe mean temperaturc asswining a proper
value of expansion ceeflicient ; and wlhen the change of length
during the meéhsurement was small the total conlraction was
caleviated by comparing the sample lengih before and after
the measurement,

1 L
we 200 e’

ihen cooled in the furnace rather quickly) showed less ten-
dency to contract. The expansion curves differ according
to the-thermal history, and even with the heat treatment at
337 oC a decrease in expansion was observed [32].

3. Potassium-soda-lead glass {stem glass for'vacuum valves)
{fg. Tand B).

The chilled sampie contracted appreciably at 226 C, while
ihe roughly annealed one (heated at 580 °C for some short
time, then cooled in the furnace} and another one, heated at

" 420 4 5 °C for an hour, comiracted at 300 oC. When the
chilled sample was heated at the rate of 1.3 °C/mn the expan-
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TaBLE 3. — The resuit of measuring the thermal expension.

Coefficient of the-soda-lime-magnesia glass,

: . ' i : ;
| 0 :
Right after ' 1 ) 3 i 4 b 5
preparatlicn . i
12.2 C 15.6 °C 15.8 °C 14.3C 12.8 ¢ 11.6°C
765.4 mmHg 766.3 mm Ay 765.%7 mm g 756.3 mm Iig 765.6 mm Heg 765.4 mm Hg
45210,55%G 47211.18G AT211. 460G §7210.660G 47210.310 §7209.85G
12.00528 mm 12,00536 mm 12.00542 mmm 12.00526 mm 12.00516 mm 12.00498 mm -
) V& 88,7 *C 19,0 *C 98.7 °C 98.9
! ‘ i 765.3 mm Hg 763.2 mm g 756.1 mm Hg 764.7 mm Hg 764.1 mm Bg
4725401 G AT2A41.53°G 47246.05 G | AT2AE N G 47246.21 G
_{ 12.01mi3mm 12.0037T e 1 12.01502 mm, 12.01496 mm 12.01503 mm
185.5 o 108.9 *C. 199.7 o6 ' 106.7 «C - 195.2 4C
T765.7 mm Hg 760.3 mm It 758.2 mm Hg 763.8 mm g 7044 mm .Hg
4T286.17 G 47203.10 G A7203.61 G A7208.21 G §7291.27G
12.02568 mm 12.02752 mm 19,09766 mm 12.02727 mm 12.02702 mam
“ 304.6 <G I 30t4-C 986.7 © 5 eC 205.0 +C 293.2 +C
762.9 mm [Ig ; 765.7 mm g + 7G0.3 mm Hg i 754.0 mm dg - 763.2 mm Hg 764.8 mm Hg
. . 47348.36 G 47346.32 G 4733830 G AT342.12 G 5734282 G 4734200 G
12.041%4 mm 12.04141 mm 12.03933 mm 12.04043 mm 12.040350 mm 12.04028 mm
After 3.5 hr &y 30 = g 297 — Figzeg — Xip 295 %1g 13 =
303.5eC 105.65 > 10-/+C 104.24 X 10-7/+C 104,63 3¢ 10-7/+C 104.27 3 10-7C 104,43 3 10-1/+C
762,14 mm Eg : — - !
47347.33 G f [P oy age = %o ye0 — %o e = ~ &y s88 =
12.041688 mm | 104.0 3 16-7/C 103.7 X 10-7/+C 103.9 X 10-1/*C 103.7 5 10-1/+C 103.9 3¢ 10-7/°C
L A L

*: order of the interference fringes by G,
¥ Jo = 00530 mm which is the sampla length at 15,0 €.
*. This value is ealeulated assuming that
e 10 = 85 3 16-7/°L
eao 305 = 115 X 10-7/C
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Fre. 41.~—The resuit of & repeated measurement of the thermal EXpAnSion coefAeient of A soda-lime-megnesia glass,



— 98y —

sion curve indicated that the decreass of iis axpansion coelli-
cient lias already had an effec.

Those samples which were heated at a temperature in ap-
nealing range change their expansion coellicient abruplly at
around 100 °C and 230 °C. ‘'These lemperatures seein 1o
correspond to the transition poinis described by Turnem
and his cowerkers (33, 36, 37). :

4. Soda-lime-magnesia glass (bulb glass- for [mmps and
vacum valves) (fig. 9 and 10V,

The chilled sample contracted considerably at 214 oG,
The roughly annealed sample (healed at 500 °C for a shert
time then cooled in the furnace} and another ons, heated ai
480 +: B oC fur an hour also contracled at 300 °C.

When the chilled sample was heated at the rate of {.8 °C/my,
the expansion curve indicated that a decrease of the 8XPadi-
sion coeflicient at 240 °C had occured.

Those samples which were heated up to the annealing range
showed & considerablo change of the expansion copllicien|
betwoen the room temperature and 300 °C, particularly
around 100 *C and 240 °C [33, 37].

Porhaps, these are Lhe transition points, but the abrupiness
of tha change in the expansion coefficient differs from thal of
the potaszium-soda-lead glass. This is seen in the flguras,

|

7. — REPEATED MEASUREMENT
OF THE THERMAL EXPANSION GOEFPICIENT

The alention should Dbe paid lo thoso causes of errors
which wers Mentioned above if we wish to measure the
thermal expansion coefficient Bs precisely as possible, An
example of the reproducibility when the coellicient was
measured, taking thése effects into account, is as follows.

A sample was made of soda-lime-megnosia glass which
was preheated i 480 -+ B °C for an hour. The conlpaction
was cbesrved al 340 °C for about B hours and the expansion
coeflicient was measured repeatedly. The conlraclion during
the measurement was expected Lo be very simall. The resull
of the measurement is shown in Table 3 and in frgure 44,

Tha dispersion of date was smaller Lhan expected from (e
accuracy of the lempernture and the frings order measure-
ment, and the uneven temperaturs distribution sround the
sample. The value of a ;4 was measursd with the rapeg-
tabiiity whose varietion iz less than 4+ 0.2 x 13-"/o}, No
contraciion was observed during the measuremeni.

8, — CONCLUSION -

1) It is shown that the therma) expansion coeflicient gan be
- measured by the interferometric dilatometer with . repesta-
bility of -4- 0.2 ¢ 40~'/°C. And it is expected that the acoue
racy of -1 0.4 X 10-"/°C can be obtained by using & cpliprated
thermo-junction, v

2) It has been shown that the coniraction of the sampls

during the measurement should not be neglacied. Tha rate
‘of contraction depends upon its thermal history,

8) Polassium-soda-lesd glass prebeaisd up o annesling

rapge showad distinel breaks on ils expansion curve., As
for soda-lime-magnesia glass preheated up lo annealing range,
the hreaks in the expansion eurve wers also observed, but the
changes of the expansion ccefficient were not so distinet as in
lie case of potassium-soda-lead glass,

4) 1t is demonstrated thal the coincidence method which
Lias been used at room temperature can also be used at higher
lemperalures &t least up lo about 300 oC,
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