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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 16835:2014(E)

Refractory products — Determination of thermal
expansion

1 Scope

This International Standard specifies test methods for the thermal expansion of refractory products.
It deptri T I I > fmear thermal
sion curve, and the linear thermal expansion coefficient.

expa

This|International Standard includes the following three test methods for the thermal dxpansion of
refractory products:

a) a contact method with a cylindrical test piece;
b) a contact method with a rod test piece;
c) 4 non-contact method.

The ¢haracteristics of these methods are shown in Annex A.

2 Normative references

The following documents, in whole or in part, are,normatively referenced in this docunjent and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referfences, the latest edition of the referenced-document (including any amendments) applies.

ISO §36, Terminology for refractories
IEC §0584-1, Thermocouples — Part 1: Reference tables

IEC §0584-2, Thermocouples — Part 2: Tolerances

3 Terms and definitions
For the purposes ofthis document, the terms and definitions given in ISO 836 and the following apply.

3.1
starting point temperature
To
startfingpoint temperature for collecting thermal expansion results, (record ambient temperature)

3.2
reference material
materials with a known linear thermal expansion (percentage) and coefficient

3.3

lowest limit temperature

T

lowest temperature in the measurement range for linear thermal expansion

3.4

highest limit temperature

T,

highest temperature in the measurement range for linear thermal expansion

© ISO 2014 - All rights reserved 1
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linear thermal expansion

i

ratio of length Lg at a starting point temperature T versus length change AL; (= L; — Lo) between length

Lj at a certai

n temperature T; and length Lo

Note 1 to entry: ;= AL;/Lo

3.6

linear thermal expansion percentage

Ej

linear thern;
Note 1 to ent

3.7

linear ther
curve(s) bet]
ordinate

Note 1 to ent

3.8

rising temp
curve conce
called the lil

39
declining t¢
curve conce
the examing

3.10
average lin
Ty

ratio of leng
interval AT(|

Note 1 to ent

T2, respectiv

3.11
linear ther

or,

value of ave

| H 2| 4
A CAPAITSTOTT CAPTCSSCUas a perieeTrtagtc

y: Ei = ¢;x 100 ; E; = AL;/Lo multiplied by 100

mal expansion curve
ween the temperature on the abscissa and the linear thermal expansion‘percentage o

"y: There are two types of curves, a rising temperature curve and a declifiing temperature cur

erature curve

hear thermal expansion curve

Pmperature curve
rning linear thermal expansion changes caused by declining temperature, which is usq
tion of the size change of sample after heating

ear thermal expansion coefficient

th change AL(= L, - L1) ofaspecimen within a temperature interval to that temper:
= Tp — T1), related to thedength Lo at the starting point temperature

ry: That means O, o= AL/(LOAT) . The sample lengths L1 and Ly are at the temperatures 7|

bly. The unit of this-value is °C-1.

mal expansion coefficient

Fagelinear thermal expansion coefficient, AL/(LoAT;) when AT (=T - T1) approaches z¢

n the

rning linear thermal expansion changes caused by rising temperature, which is normally

d for

iture

1 and

ro

Note 1 to entry: This means the slope of the tangent line on the relational line between linear thermal expansion

gi=ALj/Lg at

3.12

a certain temperature T; and the temperature T;. The unit of this value is °C-1.

reference sample
substance of which the linear thermal expansion rate and coefficient of linear thermal expansion are

known

Note 1 to entry: The shape of the reference sample should be the same as that of test piece.

3.13

difference of elongation
difference in length between the test piece and the reference sample of the same length as that of test
piece when heated from the lower limit temperature to the upper limit temperature

© ISO 2014 - All rights reserved
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4 Contact method with cylindrical test piece

4.1

Principle

The amount of dimensional change of the cylinder test piece is continuously measured by using a contact
type measurement instrument while heating at the specified rate in a heating furnace, and the linear
thermal expansion rate, curve of linear thermal expansion rate, average coefficient of linear thermal
expansion, and coefficient of linear thermal expansion are obtained.

4.2

Apparatus

4.2.1

4.2.1
The

appajratus shall be setin a heating furnace and all central axes aligned vertically. This alignn

mair
be sy
tot

chan|

uppeg

Thermal expansion test apparatus

.1 General

circular pressure rod (1), test piece (5), and supporting rod (9) of thé-thermal exj

tained throughout the test as shown in Figure 1 and Figure 2. TheGtrtcture of the apy

direction of this central axis and the temperature is raised cdn be calculated from

r surface and the lower surface of the test piece. The contact force shall not change mot

bansion test
hent shall be
aratus shall

ch that the thermal expansion of the test piece produced wheria pressure of 0,01 MPa is applied

the relative

e amount of the length of detecting tubes (7) and (8) contacted with the spacers (2) and (6) of the

e than +1 N.
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10

rod

Kk-type spacetk

puple for Measuring temperature of test piece

puple for controlling temperature of heating furnace

b

e 35

Key

1  pressurg
2 upperdi
3  thermoc
4  thermoc
5 testpiec
6 lowerdi
7

8

9

13y L_y'p\. apa\.\.r

tube for detecting the upper position of test piece
tube for detecting the lower position of test piece
supporting rod

10 measurement instrument

Figure 1 — Schematic drawing of the thermal expansion test apparatus (in case of measuring
the change rate of test piece at the lower part of apparatus)

© ISO 2014 - All rights reserved
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4

Key
pressure rod (outside diameter: 45 mm or over)

ypper disk-type spacer (outside.diameter: 50,5 mm)

thermocouple for measuring temperature of test piece

tlest piece (outside diameter: 50 mm * 2 mm, inside diameter: 12 mm + 1 mm, length 50 mm * 0,6 mm)
lower disk-type spacerfoutside diameter: 50,5 mm, inside diameter: 10 mm)

lube for detecting-the upper position of test piece (outside diameter: 8 mm, inside diameter: 5 mm)
lube for detecting the lower position of test piece (outside diameter: 15 mm, inside diameter 10 mm)
dupporting Tod (outside diameter: 45 mm, inside diameter: 20 mm)

O© 0 N O U1 o W N =

platinum.or platinum rhodium foil (outside diameter: 50,5 mm, inside diameter: 10 mm)

Figure 2— Detatl drawing of thermal expansion test (iih case of measuring the change rate of
test piece at the lower part of apparatus)

© IS0 2014 - All rights reserved 5
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7 NN
X

N
————— 3 \w \

Key
pressure rod

upper dipk-type spacer

thermocpuple for measuring temperature of test piece
thermocpuple for controlling temperature of heating furnace
test piecg
lower digk-type spacer

tube for fetecting the upper position of test piece
tube for fetecting theslower position of test piece

O 0 N O U1 H W N -

supporting rod

Figure 3 4—'Schematic drawing of thermal expansion test apparatus (in case of measuring fhe
change rate of test piece at the upper part of apparatus)

4.2.1.2 Constitution of thermal expansion test apparatus
The apparatus shall be comprised of the following.

a) Fixed pressure rod (1): The fixed pressure rod (1) shall be a cylindrical refractory material of at
least 45 mm outside diameter. In the apparatus in Figure 3, the hole of concentric circle for passing
through the tubes for detecting the upper and lower positions shall be provided.

Care shall be taken so as not to contact with the hole of the upper lid of the heating furnace.

6 © ISO 2014 - All rights reserved
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b)

d)

f)

The

at which the test material has a Ts.value. T1 and Ts are obtained according to ISO 1893:200

4.2.2

The

systd
spec
of th

The
The

setti

ISO 16835:2014(E)

Supporting rod (9): The supporting rod (9) shall be a cylindrical refractory material of at least
45 mm outside diameter. In the apparatus in Figure 1 and Figure 2, the hole of concentric circle for
passing through the tubes for detecting the upper and lower positions shall be provided.

Disk-type spacers (2) and (6): The disk-type spacers (2) and (6) shall be the refractory material

inserted for preventing the test piece from adhering to (1) and (9) by fusion due to chemi
for example a disk of at least 50 mm outside diameter and 5 mm to 10 mm thickness of t

cal reaction,
he alumino-

silicate refractory such as high temperature sintered mullite or alumina, or the basic refractory
such as magnesia or spinel. The hole of concentric circle passing through (7) shall be provided at (6)
in the apparatus shown in Figure 1 and Figure 2, and at (2) in the apparatus shown in Figure 3. Both
ends of (1) and (9) shall be processed so as to be flat and in parallel position, and the spacers (2) and

contacted with 1t sna € processed to make them vertical to the central axis.

\

h

Tube for detecting the lower position of test piece (8): The tube for detectingthe lower po
iece (8) shall be the alumina tube of which the tip penetrates the supporting rod (9) in

igure 1 and Figure 2 or the pressure rod (1) in the apparatus in Figlire 3 and is contac
wer disk-type spacer adhering closely to the lower surface of thé.test piece, and shall
oving freely so as not to make contact with the supporting4od:

Vhen the test piece ready to react with other refractory material, such as silica 4
easured, the foil of platinum or platinum rhodium alloy (9) of approximately 0,2’ mm
ay be placed between the test piece and both spacers as shown in Figure 2.

ube for detecting the upper position of test piece (7): THe'tube detecting the upper po
iece (7) shall be the alumina tube of which the tip penetrates the supporting rod (9), th
ype spacer (6), and test piece (5) in the apparatus_iniFigure 1 and Figure 2 and is cor
he upper disk-type spacer adhering closely to the\tipper surface of test piece, and sha
fmoving freely so as not to be contacted with those. In the apparatus in Figure 3, the 3
hese d) and e) are reversed.

aterial and preparation of jigs: For the)jigs, the material capable of enduring the 1
eformation and reaction up to the finial (highest) test temperature shall be selected.

aterial from which the jigs are made should have a T1 value greater than or equal to the

Heating furnace

lheating furnace shalk-be the tubular furnace of which the central axis conforms to the m
m. It shall be capable of heating the test piece up to the final (highest) test temper
fied rate of rising temperature [see c) in 4.4.1] in the atmosphere and of heating uniforr

e upper andJower sides of test piece at 500 °C or higher within + 20 °C of the specified t
niform heating zone around the test piece shall be measured beforehand.

]:p-and-down moving type or opening-closing type is recommended because they do nc

specially, is
in thickness

sition of test
hpparatus in
ted with the
e capable of

sition of test
e lower disk
itacted with
1 be capable
tructures of

bad without

emperature
7.

easurement
ature at the
nly 12,5 mm
Pmperature.

t hinder the

ng-of measurement system.

4.2.3 Detector for amount of deformation of test piece

The dial gauge or differential transformer transducer connected to an automatic recorder shall be used.
These are fixed to the tip of (8), the gauge head at the tip of spindle in the case of dial gauge, or the
core in case of differential transformer transducer. These then contact the tip of (7) and the relative
deformation amount produced by the deformation of test piece is measured. The measuring instrument
shall have the sensitivity which enables the measurement to the nearest of 0,005 mm.

© IS0 2014 - All rights reserved
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4.2.4 Temperature measurement apparatus

4.2.4.1 Thermocouple for measuring the temperature of test piece

The thermocouple for measuring the temperature of the test piece shall be inserted into the alumina
tube (7) which penetrates the test piece so as to be capable of measuring the temperature at the centre
of the test piece and shall be arranged so that the hot contact point comes to the centre of the test piece.

4.2.4.2 Thermocouple for controlling the temperature of heating furnace

For thermo

ouple for controlling the temperature of heating furnace, the thermocouple with prote

ting

tube shall b{

It may be ar

4243 Ty

The thermo
final (highe

4.2.5 Call

The calliper]

4.2.6 Refd

For the refe
piece specif
coefficient g

t used and be arranged so that the hot contact comes adjacent to the test piece (see Figu

ranged adjacent to the heating unit depending on the structure of the furnace.

pe and precision of thermocouple

Couple shall be a platinum-platinum rhodium system and the type capable of using up 4
5t) test temperature shall be selected. The precision of thermocouple shall be verified.

pers

5 of 0,05 mm minimum scale reading shall be used.

rence sample

Fence sample, the high purity sintered alumina object of the same shape as that of thg
ied in 4.3 shall be used. The recommended’,values of linear thermal expansion ratg
f linear thermal expansion for reference sample are shown in Annex B.

4.3 Test piece

be of test piece

f test piece shall be as fotlows.

- 1 mm inside diameter, and 50 mm # 0,5 mm length.

[ piece shallde-taken so that the upper and lower surfaces are parallel and right-angl
'ral axis,and both surfaces shall be ground and polished so that the difference of 1
bd at anyvtwo points by using callipers does not exceed 0,2 mm. The end surface o

]1C

al test piece, the deviation, d, between the square and the generating line shall be 0,5

re 1).

o the

> test
and

t piece shall be ceneentrically cylindrical having a 50 mm * 2 mm outside dianjeter,

ed to
ngth
F test

all beyplaced on a flat surface plate and when a square is applied to the generating line of

mm

or belox"r (cnn Eigure A.)

4.3.1 Shaj
The shape o
a) The teg
12 mm
b) The tes
the cen
measur
piece sH
cylindri
8
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I
1
i

|
4.3.2

4.3.2

Unle
para

More

quare
ample

imension d is measured by using a feeler gauge.

Figure 4 — Measuring method forverticality

For the purpose of confirming that the upper and lower surfaces of the test piece
hroughout the whole surface, the filter paper of0;15 mm thickness, upon which a c

are smooth
hrbon paper

s placed, shall be placed on a surface plate and each surface shall be pressed to adhere. Both

urfaces of the test piece may be coloured by @sing a stamp ink stand instead of carbon

uncoloured part is found on the surface by-this operation, it shall be polished again.

Moreover, the smoothness of the surfdce may be confirmed by using a square.
Preparation of test piece

.1 Shaped refractory

5s otherwise specified, take the test sample so that the longitudinal direction of the
lel to the pressurizing direction of the sample for testing at the time of forming.

part
Int

over, the dir€ction of taking the test piece may be decided according to the agreement
es concerned-with the delivery by conforming to the purpose of using the thermal expa
case_of‘unsintered refractory, the test piece taken from the sample after sintering

temperatuse-or the processed test piece sintered under a definite condition may be used.

baper. When

test piece is

between the
nsion result.
at a definite

4_ 3 2 I1lunchanad £ ok o sy
e PV 4y~ UTiSTIiapcuaTciTacttory

The test piece shall be either formed into the shape specified in 4.3.1 or cut off to form a definite shape.
The necessity of sintering and the sintering temperature shall be subjected to the agreement between
the parties concerned with the delivery. The preparation, forming, sintering condition of test piece, and
the dimension of test piece shall be mentioned in the test report.

© ISO
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4.4 Procedure

4.4.1 Measurement of test piece

The test piece shall be measured according to the following procedure.

a) Measure the inside diameter, outside diameter, and length (to the nearest 0,1 mm) of the test piece
at room temperature. Place the test piece between the supporting rod and the pressure rod with

spacers

in between, aligning each of their central axes.

b) Add 0,01 MPa of compression stress including the mass of pressure rod to the test piece. The change

of the contactioad shatimotexceed = T N,

For spe
accordi
compre

c¢) Then, r

constant rate of 2,5 °C/min * 0,5 °C/min.

Moreov
and zir(
through

d) Measur
amount]
change
temper

e) If neced
cooling

4.4.2 Mea

Measure thq
whenever ji

4.5 Calcu
The calculat

a) Theling

fial purposes, the load can be modified to the actual calculated load in the application
ng the agreement between the parties concerned with the delivery. In such a case, the ap
Ksion stress should be reported.

hise the temperature of the furnace up to the object temperature of\imeasurement

er, in the case of the materials accompanied by volume phase transition (for example,
onia), the very slow rate of rising temperature may be used for measuring the behay
out the phase transition region.

e the central temperature of the test piece by using thie thermocouple (3), and recor

hppears, record the amount of change in the direcfion of the height of the test piece at
iture at intervals of 15 s.

sary, measure the relation between the temperature and length of the test piece iI
process.

surement of reference sample

reference sample according to 4.4.1. The reference sample shall be measured as a mini
bs are changed.

lation and drawing
ion and drawing-shall be as follows.

ar thermal.expansion rate shall be calculated as follows.

field,
plied

at a

silica
yiour

H the

of change in the direction of height of test piece at intervals within 5 min. When an alyrupt

each

h the

mum

10

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=9f25b78e0745f83778ed5d25e9c5a81e

ISO 16835:2014(E)

The following steps 1) to 5) are the conceptual instructions for the correction of measured values
and the calculation of linear thermal expansion rate. The actual operation should be carried out by
using a computer.

1) Plotthe change in the length of the test piece, without the correcting the change in the length of
alumina tube for detecting position, against the temperature by using the measurement result
obtained in 4.4 (curve C7 in Figure 5).

Key
X  temperature (°C)
Y ¢hange of length

Figure 5 — Correction of measurement curve

2) Measure the temperature change of length of the reference sample of the same material as that
of the tube for detecting position ‘and of the same dimension as that of the initial test piece
(curve C3 in Figure 5). Table B.2may be used.

3) Plotthe curve C3 ( = C1 + C2) iwwhich curve (1 is corrected by the curve of deformation C; in 2).
Namely, it is AB = CD in Figure 5 at any temperature during measurement.

4) Obtain the amount ¢f ¢hange in length of the test piece (AL;) at each temperature by correcting
C3in 3).

%) Calculate theZlinear thermal expansion rate according to the following formula Hased on the
result in 4).and round off the result to two decimal places.
H; :ﬁxwo (@8]
Lg

where

E; isthe linear thermal expansion rate (%);

Lo 1isthelength of test pieces at starting temperature (mm);

AL; is the amount of change in length (L; - Lo) of test piece at temperature T; (°C) (mm).

When the measured temperature is lower than the starting temperature, calculate the linear
thermal expansion rate by using the value of change in length from the starting temperature.
Furthermore, when the measured temperature is higher than the starting temperature, calculate

the linear thermal expansion rate from the starting temperature by using the coefficient of linear
thermal expansion in b) according to extrapolation method.

© ISO 2014 - All rights reserved 11
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b)

N = =< X

12

The starting temperature may be altered according to the agreement between the parties concerned
with the delivery.

Obtain the curve oflinear thermal expansion rate by drawing the relation between each temperature
obtained in a) and its linear thermal expansion rate. An example is shown in Figure 6.

YA
1,00

0,8(I) -

0,60

0,40

020

0,00

-0,20 |

_0’4 L L L L L L L »
0 200 400 600 800 1000 1200 1400 1600 X

temperature (°C)

linear thermal expansion rate (%)
rising temperature curve
declining temperature curve

Figure 6 ——Example of curve of linear thermal expansion of clayey refractory

Calculate the ‘average coefficient of linear thermal expansion according to the following foriula,
and roulnd-off the significant figure to the place of 10-8 _Express the result in the unit of 10-6 -[°C-1,

© ISO 2014 - All rights reserved
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AL

oy, = LoxAT (2)

where
ar is the average coefficient of linear thermal expansion of test piece (°C-1);
2 T

Lo is the length of test piece at starting temperature (mm);

AT is the difference between lower limit temperature (7T1,) and upper limit temperature
(TZ) (nc)'

AL is the difference of elongation of test piece corresponding to temperature difference AT

d)

wherre
& is the coefficient of linear'thermal expansion of test piece at temperature T; (9
1
Lo is the length of testpiece at starting temperature (mm);
Ti+a is the temperature (A °C) higher than temperature T; (°C);
Ti-a is the temperature (A °C) lower than temperature T; (°C);

The recommended value of A C1s 25 ~C. In case A °C cannot be taken as 25 G, it should be ta

(mm).

When the relation curve between the linear thermal expansion rate and thefemperatuf
throughout the whole temperature region, the upper limit temperature.(72) can be f{
Eighest temperature of measurement by taking the lower limit temperature (T1) as

istorted, the average linear thermal expansion rate may be obtained in any temperat
¢orresponding to the purpose, provided that, for indication, the average temperature r
lago0-200" is expressed.

[alculate the coefficient of linear thermal expansion according to the following formul
off the result to two significant figures to express in the unit of 10-6 - °C-1,

dr = (L, , ~Lr )
" Lo(Tiya—Ti-4)

LTi+A is thetength of test piece at temperature Tii4 (mm);

T, is the length of test piece at temperature Ti-4 (mm).

e is straight
aken as the
the starting

oint. If the relation curve between the linear thermal expansion/rate and the tempperature is

ire range as
inge such as

h, and round

3

C) (°C1;

to 25 °C as possible.

ken as close

The relation curve between the measured linear thermal expansion and the temperature does not
always become a smooth curve. Therefore, the length of test piece at (4 °C) plus and minus the specified
temperature T; is obtained and taken as the coefficient of linear thermal expansion. Alternatively, the
coefficient of linear thermal expansion may be determined by making the curve of the measured linear
thermal expansion rate to be a function by curve fitting, and obtaining the differential value (the slope
of tangent) at temperature T; to be divided by 100.

© IS0 2014 - All rights reserved
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5 Contact method with rod test piece

5.1 Principle

The rod test piece is set in a heating furnace with one of the ends fixed. The amount of dimensional
change of the test piece is measured through the detecting rod while heating at a definite rate and
the linear thermal expansion rate, curve of linear thermal expansion rate, average coefficient of linear
thermal expansion and coefficient of linear thermal expansion at the measurement temperature, from

the starting

5.2 Apparatus,implemrentandreferencesampte

5.2.1 The

5.2.1.1 Ge

The thermal expansion test apparatus is constituted by the linear thermal expansion measure

system com
and “detect
temperatury
traverse dir]
in Figure 7 4

temperature, are obtained.

rmal expansion test apparatus

neral

posed of sample supporting tube, detecting rod (hereafter referredto’as “supporting {
ng rod”, respectively), electric furnace (thermostatic bath), temperature control syj
P measurement system, and recorder. The test piece may be‘set in either lengthwi
ection. Examples of constitution of vertical type and horizontal type apparatus are s}
nd Figure 8, respectively.

NOTE A

14

computer can be connected to the apparatus for easier recording and processing of the results.

ment
ube”
tem,
e or
lown
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Figure 7 — Example of vertical type thermal expansion apparatus
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push-rog
specimen holder

control thermocouple

Figure 8 — Example of horizontal typethermal expansion apparatus

therma] expansion test apparatus shall be comprised of the following.

Supporting tube and detecting rod:=~Fhe supporting tube and detecting rod shall be all made qf the
same mpterial of high purity alumina sintered object, quartz glass, or high purity graphite sintered
object, and shall be the typesnin which the difference of coefficient of linear thermal expapsion
between the test piece andsupporting tube, i. e. the difference of elongation due to the temperjture
rise betiween test pieceCand reference sample, is measured. New supporting tube and detefting
rod, in prder to stabilize the thermal expansion characteristic, shall be pre-sintered and c¢oled
gradually prior to use.

Moreovgr, theshigh purity alumina and high purity graphite shall be pre-sintered at the highest
temperature to be used for approximately 7 h and then cooled gradually at the rate of 1 °C /min as a
standandCThe quartz glass shall be pre-sintered at 1 100 °C, for approximately 7 h and then cq:oled
gradualtydowmto 900°Cattie rate of 0,2°C/Tim

Thermal expansion measurement system: The thermal expansion measurement system, of which the
measurement error is corrected to + 5 x 10-4 % of the length of test piece (L) (for example, + 0,1 pm
to 20 mm in length of test piece) by using the block gauge (for example, when the length of test
piece is 20 mm, 20,0 mm or 20,5 mm in approximate nominal dimension), shall be used. For the
measurement of length, a differential transformer shall be used.

Electric furnace (thermostatic bath): The electric furnace shall be constructed so as to be capable of
controlling heat at a definite rate and maintaining the temperature distribution of the whole heated
test piece at + 0,5 °C. For the heating unit, any one of silicon carbide heating unit, molybdenum
disilicide heating unit, metal heating unit, or graphite heating unit shall be used. At least, in the
electric furnace for measuring the refractory containing carbon and/or silicon carbide, the
mechanism which allows an inert gas (nitrogen or argon) of a definite flow rate shall be provided.
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The muffle type furnace in which the test piece is not directly subjected to the radiation heat from
heating unit should be used.

For test pieces where hydrocarbon vapour is generated during heating, the apparatus should have
a mechanism capable of exhausting this gas.

d) Temperature control system: The temperature control system shall be capable of control at £ 0,5 °C
to the set value of temperature to be targeted.

e) Temperature measurement system: The temperature measurement system shall be capable
of measuring the thermo electro motive force due to the platinum-platinum rhodium based
i isi +05° i i casurement.

f)

ecorder: The recorder, which is capable of recording simultaneously the difference‘in femperature
and elongation, shall be used.

5.2.1 Micrometer or callipers

The putside micrometer or the callipers with 0,01 mm minimum graduation in scale reading shall be
used

5.2.3 Reference sample

For the reference sample, the high purity alumina sintered object or quartz glass shall be jused for the
meagurement in atmosphere. In the atmosphere of inert gas;the high purity alumina sinteffed object or
high purity graphite sintered object shall be used. For the supporting stand and detecting rpd, the same
matgdrial shall be used. The recommended values of\ditear thermal expansion rate and cpefficient of
linear thermal expansion of the reference sample are Shown in Annex B.

5.3 | Test piece

5.3.1 Dimension and shape of test piece

The test piece shall be either a square rod 5 mm to 12 mm in each side and 15 mm to 100 mpm in length
or a found rod 5 mm to 15 mmyinkdiameter and 15 mm to 100 mm in length, processed vertically to the
axiall direction so that both end’surfaces become parallel to each other. The dimension of each side or
dianfeter of the section of the test piece shall be at least two times the maximum particle|used in test
sample and the length oftest piece shall be at least four times the maximum particle. The test piece size
and ghape should be inagreement between the parties concerned.

Mordover, when the particle diameter used in test sample is large, it shall be measured either in non-
contact methed, 6r contact method with cylindrical test piece.

5.3.21 Preparation of test piece

5.3.2.1 Shaped refractory

The test piece shall be taken, unless otherwise specified, such that the longitudinal direction of the test
piece is parallel to the direction in which the test sample was pressurized in forming.

Moreover, the direction of sampling, depending on the purpose of use of the thermal expansion result,
may be as agreed between the parties concerned with the delivery. In the unsintered refractory, the
test piece can be either taken from the sample after sintered at a definite temperature or be supplied by
sintering the processed test piece under a definite condition.

5.3.2.2 Unshaped refractory

The test piece shall be either formed into the shape specified in 5.3.1 or cut off to form a definite shape.
The necessity of sintering and temperature of sintering shall be subjected to the agreement between the
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parties concerned with the delivery. The conditions of preparation, forming, sintering of test piece, and
the dimensions of test piece shall be mentioned in the test report.

5.4 Procedure

5.4.1 Measurement of correction factor of difference of elongation

The correction factor of difference of elongation shall be calculated according to the following equation.

Measure the difference of elongation by using the test piece of the same material as that of the reference

sample as th

e standard material according to 5.4.2 and measure the change of base line (L)

Measure th

sample according to 5.4.2 and calculate the correction factor of the difference of elongationte’the

purity of pld

_LOXz

e difference of elongation by using the high purity platinum and silicon as the stdn
tinum and silicon to two decimal places according to the following formula,

STX(O!ref _acomp)

where

k
Lo

AT

Aref

Acomp

Lyef

For the aver
values in Ta

L

ref

is the correction factor of difference of elongation of standard sample;
is the length of standard sample at starting temperature (mm);

is the difference between the lower limit temperature (71) and the upper limit temper
ture (T72) (°C);

is the average coefficient of linear thermal €xpansion of standard sample in the range
between the lower limit temperature (T1)and the upper limit temperature (T2) (°C-1)

is the average coefficient of linear thermal expansion of reference sample in the range
between the lower limit temperature (T1) and the upper limit temperature (T2) (°C-1)

is the difference of elongatiohnmeasured about standard sample (mm).

hge coefficient of linearythermal expansion of standard sample and reference sample, ug

calculated a
this value in

Tablq

ble 1, Table B.1, and-“Table B.2. Average the correction factor of the difference of elong
bout the high puFrity platinum and silicon and round off the result to two decimal placeg
5.5 as the cogrection factor of difference of elongation.

p 1 — Linear thermal expansion ¢ and coefficient of linear thermal expansion o

dard
high

(4)

e the
htion
.Use

Platinum Silicon

Temperatu

re~C Temperature °C

afl0=6.°C-1) afl0-=6.°C
Y T A g o

20
77
127
227
327
427

20
77
127
227
327
427

8,9
91
9,2
9,5
9,7
10,0

2,5
2,9
3,2
3,5
3,8
4,0
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5.4.2 Measurement of difference of elongation of test piece

The measurement of the difference of elongation shall be carried out according to the following
procedure.

a)

Measure the length of the test piece at room temperature using the outside micrometer or the

callipers and round off the result to two decimal places.

b) Set the test piece so as not to make clearance between the supporting tube and the detecting rod
and so as to stabilize and add force of 98 mN (corresponding to 10 g of weight) to the end surface of
test piece.

c) ount the thermocouple for measuring temperature such that it is near the central part of the test

iece.

d) Carry out the measurement from room temperature to the specified temperature.

Moreover, unless otherwise specified, carry out the measurement to 1 500.°C.
e) The rate of rising temperature of the test piece shall be a constant ratejof 4 °C /min. = 1 °C /min.
f) Record the difference in temperature and elongation in definitexintervals of 10 °C or |ower. Carry
ut recording on a recording paper by using a recorder or byusing a computer.
hen the reading of a thermometer and a direct reading(type detector is carried out iy computer,
he data processing is easy. In such a case, the amount ofdimensional change should berecorded in
he unit of 1 °C.

g) If necessary, measure the relation between thé.temperature and length of test piede in cooling

rocess, and record it.

5.5 | Calculation and drawing

The ¢alculation and drawing shall be asfellows.

a) (alculate the linear thermal, expansion rate according to the following formula based on the
measurement results in 5.4~and round off the resultant value to two decimal places.

AL;
B, =—21x100 (5
Ly
wherre
E;  isthelinear thermal expansion rate (%);
Lo _isthe length of test piece at starting temperature (mm);
L is the amount of change in length of test piece at temperature T; (°C) (Li-Lg) (mm)
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AL;is the expressed by the following formula.

AL;j = Ljact - Lp + Lref (6)

where

Liact is the measured value of displacement in length at temperature T;in 5.4.2 f) (including the
expansion of reference sample) (mm);

Lp is the base line value in 5.4.1 a) (mm);

Lref igThe diSplacement of length of Teference sampie at temperature 1; (values in 1abie B.1 and
Table B.2) (mm).

Moreover, when the measured temperature is lower than the starting temperature;-calculate the
linear thermal expansion rate by using the value of change in length from the starting temperature.
And whien the measured temperature is higher than the starting temperature, calculate the linear
thermal expansion rate from the starting temperature by using the coefficiént of linear thgrmal
expansion in c) according to extrapolation method.

The starting temperature may be altered according to the agreementbetween the parties concgrned
with delivery.

b) Obtainthe curve oflinear thermal expansion rate by drawing therelation between each temperature
obtainef in a) and its linear thermal expansion rate. An example of the curve of linear thgrmal
expansion rate is shown in Figure 9.

20 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=9f25b78e0745f83778ed5d25e9c5a81e

ISO 16835:2014(E)

YA
2,50
2,00
1,50 |
1,00 +
0,50 |
0’00 Il Il Il Il Il Il Il »
0 200 400 600 800 1000 1,200 1400 1600 X
Key
X  temperature (°C)
Y ljnear thermal expansion rate (%)
1  declining temperature curve
2 1jising temperature curve
Figure 9 — Example of curve of linear thermal expansion rate of magnesia carbon based
refractory brick
c) (Calculate the average coefficient of linear thermal expansion according to the followjng formula,
dnd round off the signifieant figure to the place of 10-8. Express the result in the unit of 10-6 - °C-1.
KXAL
ar,-1, _LO><—AT+ac0mp (7)
wherte
dr, 7} is the average coefficient of linear thermal expansion of the test piece (°C-1);
0 1s the length of test piece at starting temperature (mm)j;
AT is the difference between the lower limit temperature (T1) and the upper limit tempera-
ture (T7) (°C);
AL is the difference of elongation of the test piece corresponding to temperature difference
AT (mm);
K is the correction factor of difference of elongation obtained in 5.4.1;
®comp is the average coefficient of linear thermal expansion of reference sample in the range
between the lower limit temperature (71) and the upper limit temperature (7T2) (°C-1)
(value according to Table 1).
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When the curve of linear thermal expansion rate is straight throughout the whole temperature
region, the lower limit temperature (71) may be taken as the starting point and the upper limit
temperature (7T2) the highest temperature of measurement. Even if the plot of linear thermal
expansion rate is nonlinear, the average linear thermal expansion rate may be obtained in any
range of temperature as corresponding to the purpose, provided that, for indication, the range of
temperature average is expressed such as “aggo-200"-

d) Calculate the coefficient of linear thermal expansion according to the following formula, and round
off the result to two significant figures to express in the unit of 10-6 - °C-1,

o = (Lr,,, —Lr,) (8)
" Lo[Tia=Ti-a)
where
ar, is the coefficient of linear thermal expansion of test piece at temperature.(F;) (°C) (°¢-1);
Lo is the length of test piece at the starting temperature (mm);
Tisa is the temperature (4 °C) higher than temperature T; (°C);
Ti-4 is the temperature (4 °C) lower than temperature T; (°C);
Ty is the length of test piece at temperature Ti+4 (mm);
LTi—A is the length of test piece at temperature Tj_4 (am).

The recommended value of 4 °C is 25 °C. In case 42C cannot be taken as 25 °C, it should be takgn as
close to[25 °C as possible.

The relation between measured linear therimal expansion rate and temperature is not always a
smooth|curve. Therefore, obtain the length of the test piece at (4 °C) minus and plus the speg¢ified
tempergture T;and take itas the coefficient of linear thermal expansion. Alternatively, the coefficient
of linear thermal expansion may bedetermined by making the curve of the measured linear thermal
expansion rate to be a functiod by curve fitting, and obtaining the differential value (the slope of
tangent) at temperature T; td be divided by 100.

6 Non-contact method

6.1 Prindiple

A stick-shapedtest piece is set up in a furnace. It is heated in the furnace with a constant rjising
temperatur¢ rate, the length changes of both ends of the test piece are measured at every additjional
interval of temperature by non-contact measuring system from outside the furnace.

Linear thermal expansion percentages, average linear thermal expansion coefficient, and linear thermal
expansion coefficient are calculated from the measured length change values, the original test piece
length, and the temperature change of the test piece in relation to the starting point temperature.

The linear thermal expansion curve is taken from plotting the related values between the linear thermal
expansion percentage and temperature.

An example of apparatus and test piece for non-contact method is shown in Annex C. Any other facilities
can be used if they satisfy the required accuracy of the measurement, with the agreement between the
parties concerned.
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Procedure

Procedures are as follows.

a)
b)

6.3

Calcyilation and drawing a figure are as follows.

a)

where

b)

The length of the test piece is measured with callipers.

The test piece is put in measurement position in the furnace and is heated homogeneously at a rising
temperature rate of 4 + 1 °C/min to the desired temperature. During the heating process, the length
changes of both ends of the test piece at each temperature are measured precisely with a direct
reading detector and the relationship between the temperature of test piece and the length of test

piece is recorded.

It is possible to process test results easily by thermocouple values. In this case, thele
ghould be recorded a 1 °C interval.

length of test piece shall be recorded.

Calculation and drawing a figure

.

[he linear thermal expansion rate is calculated with the follewing equation using the m
fesults of 6.2 and is rounded off to the nearest second dec¢imal places.
L.
= h><100
Ly

Iy

E; isthe linear thermal expansion percentage, in %;
Lo is the test piece length, in mm,.at the starting point temperature;

AL; is the change of test piece length L;-Lg, in mm, at temperature T; °C.

(Vhen the measuredtemperature is lower than the starting point temperature, the lin
bxpansion percefitage is used. The results lower than starting point temperatures should
n case the measured temperature is higher than the starting point temperature, the lin
bxpansion results from the starting point temperature to the higher temperature an
alculated by extrapolation method.

- NSy N

hgth change

If necessary, in the declining process, the relationship between the temperature-of test giece and the

easurement

9

ear thermal
| be omitted.
ear thermal
d should be

Thestarting point temperature should be changed as a result of the agreement between the parties

¢oncerned, if necessary.

The curve of the linear thermal expansion percentage is obtained by plotting the

relationship

between each temperature obtained in a) and the linear thermal expansion percentage. Figure 10

shows an example.
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Key

X  temperature (°C)

Y linear thermal expansion rate (%)
1 declining temperature curve

2 rising tepnperature curve

<)

where
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Figure 10 — Example of a linear thermalexpansion curve for magnesia-carbon refractory

An averpge linear thermal expansion\coefficient shall be calculated by the following equation and is
rounded off to the nearest eighth'decimal places and is expressed in 10-6 - °C-1,

AL
Lo-AT

or, 1, 3 (10)

or . | 1s the average linear thermal expansion coefficient of test piece, °C-1;
2T

Lo is'the test piece length, in mm, at starting point temperature;

AT is the difference, in °C, between lowest limit temperature T71 and highest limit tempera-
ture Tp;

AL is the difference, in mm, of test piece length between temperature difference AT.

When the relationship between linear thermal expansion percentage and temperature is linear
through the whole temperature range, the starting point can be the lowest temperature (T1) and
the highest temperature can be the highest limit temperature (7). Even if the relation line between
linear thermal expansion percentage and temperature becomes nonlinear, the average linear
thermal expansion coefficient is calculable in any suitable temperature range according to purpose.
The average linear thermal expansion coefficient shall always express the range of temperature,
e.g. “@g00-200"-
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d) The coefficient of the linear thermal expansion is calculated by the following equation and is

rounded off to the nearest eighth decimal places and is expressed in 10-6 - °C-1,

(Lr, , —Lr_,)
_Tiva i—A
ST T ) (an
0(Tiva=Ti-a)
where
or, is the coefficient of linear thermal expansion of test piece at temperature (T;) (°C) (°C-1);
HP 1 1o £ £ 3 el i ) i £ L Y
40 IS5 LIIT lCllsLll UL LTOU lJlCLC dl LIIC sidl Lllls LCllllJCl dlurvcT Lllllll),

7

Tisn is the temperature (4 °C) higher than temperature T; (°C);
i—A is the temperature (A °C) lower than temperature T; (°C);

is the length of test piece at temperature Ti.4 (mm);

is the length of test piece at temperature Tj-4 (mm).

¢lose to 25 °C as possible.

e¢xpansion rate to be a function by curve fitting, and obtaining the differential value
langent) at temperature T; to be divided'by 100.

L

[est report

The test report shall include the following information:

a)
b)

c)

d)
e)
f)

g)
h)
i)
j)
k)

ame of the establishment where the testis carried out;
ate of test;

umber of this\International Standard (ISO 16835) and the method used for the m
ritten in Clatse 1;

ame.of measured sample (name of manufacturer, kind, type, batch number, etc.);

hape and dimensions of test piece;

The recommended value of A °Cis 25 °C. In case, 4 °C cannet be taken as 25 °C, it should be taken as

The relation between measured linear thermal expansion rate and temperature is not always a
gmooth curve. Therefore, obtain the length of the-test piece at (4 °C) minus and plus the specified
temperature T;and take itas the coefficient of linear thermal expansion. Alternatively, the coefficient
flinear thermal expansion may be determined'by making the curve of the measured lirjear thermal

the slope of

pasurement,

preparation condition of test piece (conditions in 4.3.2 or 5.3.2, relation to the pressurizing direction

at the time of forming, position when taking sample, etc.);

type of apparatus used and kind of displacement detector;

atmosphere inside the furnace (in the case of gas flowing, kind of gas and flow rate per unit time);

heating conditions (kind of heating unit, rate of rising temperature, rate of cooling, etc.);

the contact pressure used, if other than 0,01 MPa, in contact method with cylindrical test piece;

test result (measurement result to be required according to the agreement between the parties
concerned with the delivery,among linear thermal expansion rate, curve of linear thermal expansion
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rate, average coefficient of linear thermal expansion, and coefficient of linear thermal expansion at
each temperature);

1) abnormal phenomena observed during test;
m) information of reference material used to calibrate the apparatus;

n) IF platinum foil is used.
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Annex A
(informative)

Characteristics of the test methods

Table A.1 — Characteristics of the test methods

Contact method
e s s ] . Contact method Nonjcontact
Classification of application using cylinder test - -
. using rod test piece method
piece

Refractory products constituted by small

A A A
particles
Refractory products containing large

A C A
particles
Refractory products easy to soften C C B
Meagurement with loading A
Meagurement without loading D D A
A: Mqgst suitable, B: Applicable, C: Applicable depending on purpose, D::Net applicable.
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Annex B
(informative)

Recommended values of linear thermal expansion rate and
coefficient of linear thermal expansion of reference sample

This Annex ppeeifies-the-recommended-values-efinearthermal-expansionrate-and-coefficientofinear
thermal expjansion of reference sample to be used for the thermal expansion test apparatus.
B.1 Recommended values of linear thermal expansion rate and coefficient of
thermal expansion of fused quartz glass
The recommended values of linear thermal expansion rate and coefficient of lin€ar thermal expapsion
of fused quartz glass are shown in Table B.1.
Table B.1l — Recommended values of linear thermal-expansion rate and coefficient of lingar
thermal expansion of fused quartz glass
Linear Coefficient of Linear Coefficient of
Temperature therm_al linear Temperatuge therm_al linear
expansion thermal expansion thermal
rate expansion rate expansion

T; E; ar, T; Ej or,

(°C) (10-4)(%) (10-6-C-1) (°C) (10-4)(%) (10-6-C-1)

20 0 0,48 287 159 0,61

25 2,5 0,49 327 183 0,59

47 13,5 0,53 367 206 0,56

67 36 0,56 407 228 0,54

87 47,5 0,58 447 249 0,51

107 24,5 0,60 487 269 0,49

127 59,5 0,61 527 288 0,47

147 72 0,62 567 307 0,44

167 85 0,63 607 324 0,42

187 97 0,63 647 340 0,40

207 110 0,63 687 356 0,38

227 122 0,63 727 371 0,37

247 135 0,62

{)n tlhoeocase of using the linear thermal expansion ¢;, these should be obtained by dividing E;
y .
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B.2 Recommended values of linear thermal expansion rate and coefficient of lin-
ear thermal expansion of alumina

The recommended values of linear thermal expansion rate and coefficient of linear thermal expansion
of alumina are shown in Table B.2.

Table B.2 — Recommended values of linear thermal expansion rate and coefficient of linear

thermal pvpnncinn of alumina

Linear Coefficient of Linear Coefficient 'of
Temperature therm_al linear Tempera- therm_al linear
expansion thermal ture expansion thermal
rate expansion rate expansion
T; Ei or, T; E; or,
O (%) (10-6-C-1 Q) (%) (10-6-C-h
20 0,000 5,30 727 0,556 0 9,09
27 0,0037 5,40 827 0,648 5 9,34
77 0,032 4 6,08 927 0,743 9,59
127 0,064 2 6,64 1027 0,840 9,85
177 0,098 6 7,10 1127 0,940 10,09
227 0,1350 7,46 1227 1,042 10,31
277 0,173 0 7,75 1327 1,146 10,51
327 0,2125 799 1427 1,252 10,67
377 0,253 0 818 1527 1,360 10,84
427 0,294 0 8,35 1627 1,469 11,05
527 0,379 0 8,62 1727 1,581 11,37
627 0,466'5 8,86
Ln tlhoeocase of using the linear thermal expansion ¢;, these should be obtained by dividing E;
y .
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