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Foreword

I1SO (the International Organization for Standardization) is a worldwide federation of national standa \
bodies (ISO member bodies). The work of preparing International Standards is normally car, ﬁ&
through ISO technical committees. Each member body interested in a subject for whi aét ical
committee has been established has the right to be represented on that commj @ &rnational

organizations, governmental and non-governmental, in liaison with IS0, als It in the work.
ISO collaborates closely with the International Electrotechnical Commis ) on all matters of
electrotechnical standardization. -

The procedures used to develop this document and those@“Xed for its further maintenance are
described in the ISO/IEC Directives, Part 1. In parti hedifferent approval criteria needed for the
different types of ISO documents should be ot s'document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Par\rﬁ www _.org/directives).

Attention is drawn to the possibwome of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www _ .org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO’s adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www _ .org/iso/foreword.html

This document was prepared by Technical Committee ISO/TC 206, Fine ceramics.

iv © IS0 2017 - All rights reserved
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Fine ceramics (advanced ceramics, advanced technic%k\\

ceramics) — Thermophysical properties of cer @0

composites — Determination of specific ht{ggﬁ acity
o

1 Scope \(\@-’Q

This document describes two methods for th e;cﬂnation of the specific heat capacity of ceramic
matrix composites with continuous re'&nf ts (1D, 2D, 3D).

Unidirectional (1D), bi-directiwg\) and tridirectional (XD, with 2 < x < 3).
The two methods are: ‘\\'

— method A: drop calorimetry;

— method B: differential scanning calorimetry.

They are applicable from ambient temperature up to a maximum temperature, depending on the
method: method A can be used up to 2 250 K, while method B is limited to 1 900 K.

NOTE Method A is limited to the determination of an average value of the specific heat capacity over a given
temperature range and can give a larger spread of results.
2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 19634, Fine ceramics (advanced ceramics, advanced technical ceramics) — Ceramic composites —
Notations and symbols

IEC 60584-1, Thermocouples — Part 1: Reference tables

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 19634 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— 1EC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www  .org/obp

31

specific heat capacity

Cp

amount of heat required to raise the temperature of a mass unit of material by 1 K at constant
temperature and pressure

c =140
P mdrT

where Q is the heat required for a test-piece of mass m.

© IS0 2017 - All rights reserved 1
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3.2
mean specific heat capacity

(&

p \
amount of heat required to raise the temperature of a mass unit of a material from temperaturggg\
temperature T at a constant pressure, divided by the temperature increase (T2 - T1) expgs

.

3.3 \)ge
representative volume element a
RVE . a’g

minimum volume which is representative of the material con“ﬁ\

Y
4.1 Principle \\Q\\

A test piece is dropped from a conllitioning chamber at a constant temperature T to another chamber
at a constant temperature T3.

4 Method A - drop calorimetry

The mean specific heat capacity is determined from the measured amount of heat required to maintain
the temperature constant in the second chamber. Transfer of the test piece shall be done under
conditions as close as possible to adiabatic conditions.

4.2 Apparatus

4.2.1 Drop calorimeter, there are several types of drop calorimeters. They include one (or more)
conditioning chambers and measuring chambers, which can be operated under controlled atmosphere
and which are all equipped with a temperature control system that allows a temperature stability of less
than 1 K.

The conditioning chamber shall have a homogeneous temperature zone size greater than the test
specimen size. The measuring chamber shall have a homogeneous temperature zone of a sufficient
length to accept several specimens and a sufficient thermal inertia to limit the temperature disturbance,
due to the drop.

Heat transfer by radiation during the drop shall be avoided as far as possible.

4.2.2 Balance, with an accuracy of 0,1 mg for test pieces over 10 mg and an accuracy of 0,01 mg for
test pieces below 10 mg.

4.2.3 Temperature detectors, thermocouples in accordance with [EC 60584-1 shall be used for the
measurement of temperature up to 1 920 K.

For higher temperatures, infrared detectors or any other suitable device may be used.

4.2.4 Data acquisition system, the sampling period during the test shall be less than 0,5 s.

4.3 Standard reference materials

Standard reference materials which can be used for calibration purposes are listed in Annex B.

4.4 Testspecimens

The test specimens shall be representative of the material.

2 © IS0 2017 - All rights reserved
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This criterion is generally met by test specimens containing the maximum number of representative
volume elements compatible with the volume of the crucible. If this number is less than five, several
solutions are possible:

a) the test specimens should have an exact number of representative volume elementsg; 0((\\

b) the material should be cut into specimens; a number of similar test speci@@%m be tested and

an average value determined. a\)

4.5 Calibration of calorimeter

i (\a’
4.5.1 General ‘G\(\\

Calibration of calorimeters may be ording to two different methods. The first consists of
dissipating a known amount 'e‘ power using a calibrated resistor introduced in the second
K second method a reference specimen with known specific heat

chamber of the calorime ‘f

capacity is dropped accor o the procedure described in 4.6.

4.5.2 Electrical calibration

The calibration factor is the ratio of a known amount of thermal power dissipated in the resistor to the
steady-state calorimetric output signal, and is measured at temperature T5.

NOTE1 The method using power dissipation in a resistor is limited to 1 350 K.

NOTE 2  This method can only be used if the sensitivity of the calorimeter is not affected by the filling of the
measuring chamber.

4.5.3 Calibration using standard reference material

This calibration is called “drop calibration”. A specimen made of a standard reference material with a
known specific heat capacity is dropped according to the test procedures described in 4.6. (See Annex B
for standard reference material.) The calibration factor is determined according to Annex A.

4.6 Test procedures
4.6.1 Test without a crucible

4.6.1.1 Test with drop calibration

The test without a crucible and with drop calibration is done in the following order:

R, T, R.:T, R, T, R

where

R is the test of standard reference material;

T s the test of test specimen.

Carry out each test as described in 4.6.3.

4.6.1.2 Test with electrical calibration

The test without a crucible and with calibration using power dissipation in a resistor is done in the
following order:

— calibration of calorimeter;

© 1S0 2017 - All rights reserved 3
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— teston three test specimens.
Carry out each test as described in 4.6.3.

NOTE The avoidance of interaction between the test specimen and the calorimetric conditioni6®\
measuring chambers can require the use of a sealed crucible.

S.
4.6.2 Test with a crucible a‘\)ge
4.6.2.1 General . (\a’g

.

4.6.2.2 Test with drop calibration \
The test with a crucible and withﬁ@b‘ration is carried out in the following order:
ELC+REC+TCLC+R,C+T,CC+R,C+T,E

where

[t is the test with the empty crucible;
C +R is the test of crucible plus standard reference material;
C+ T isthe testof crucible plus test specimen.

Carry out each test as described in 4.6.3.

4.6.2.3 Test with electrical calibration

The test with a crucible and with calibration using power dissipation in a resistor is done in the
following order:

— calibration of calorimeter;
— carry out the following sequence:

GG+ T, G, G+ T, G, 4T, G

where

G is the test with the empty crucible;
C+T isthe test with crucible plus test specimen.

Carry out each test as described in 4.6.3.

4.6.3 Description of test

The test piece (test specimen, standard material or empty crucible) and reference material shall be
dried at (110 + 5) °C until the difference in weight of two successive weighings is lower than 0,2 mg:

— measure the mass when a crucible is not used with an accuracy of + 0,1 mg or + 0,1 %, whichever is
the smaller;

— when a crucible is used, measure the mass of each assembly dropped (empty crucible, crucible and
standard reference material, crucible and test specimen);

4 © IS0 2017 - All rights reserved
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— placethetestpiece (test specimen, standard material or empty crucible) in the conditioning chamber
at temperature T1 and wait for a sufficient period (around 15 min) to reach thermal equilibrium of
the test piece with its environment;

— measure T7 and Ty; GO((\\

— startrecording the calorimetric signal before the test piece is dropped; ges .

o\

— drop the test piece;

— stop the recording when the steady-state output m%f‘@chg
4.7 Calculations M

4.7.1 General \\

The change in heat Q cor @e?ng to the drop of the test piece is related to the area A under the
calorimetric output signal he following equation.

Q=K-A
where K is the calorimeter calibration factor.
4.7.2 Determination of the calorimetric calibration factor

4.7.2.1 Electrical calibration

See Annex A.

K= heat dissipated _H
area under the calorimetric output signal A

4.7.2.2 With standard reference material

See Annex B.

4.7.3 Determination of mean specific heat capacity C,

The mean specific heat capacity is determined using the following formula:

1 Qi(Ty,T7)
C (Tl T )= . o i)
m; [TZ Tl ]
where
T1 is the initial temperature at which test pieces are conditioned;
T> is the calorimeter temperature;

Qi (T1,T2) isthe heat variation between T1 and T3;
mj is the mass of the test piece, determined by weighing;

= is the mean specific heat capacity between Ty and T5.
Cp (T] !TZ ) p p y 1 2

© 1S0 2017 - All rights reserved 5
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The subscript i has a different meaning depending on the type of test piece:
— i=cfor an empty crucible;
— i=tfor atest piece; 0((\\
— i=t+cforatest piece and crucible. 65 ‘G
9

without crucible
it ' (\a'ga
P e (=Ty) G‘(\\

with crucible M .
__K(Acﬂ:_Ac] ‘\\

Pmm

where

Ay is the value of integration of calorimetric output signal of test specimen;
Ac is the value of integration of calorimetric output signal of crucible;

Ac+r  is the value of integration of calorimetric output signal of test specimen plus crucible.

5 Method B - differential scanning calorimetry
5.1 Principle

5.1.1 General

The method consists in measuring the difference in power needed to raise the temperature of the test
specimen in its crucible and of an empty identical crucible using the same heating programme, which
may be stepwise heating or continuous heating.

Stepwise heating allows only the determination of the mean specific heat capacity a(Tl ,T,) over a

temperature range (71,72), whereas continuous heating allows determination of the specific heat
capacity Cp at a given temperature.

5.1.2 Stepwise heating method
The mean specific heat capacity g(?‘l,TZ)is measured in a temperature interval defined by two

isothermal levels, T1 and T3. The heat, Qg, which is necessary to change the temperature from T1 to T3 is
determined by integrating the thermal power, Pg, with respect to time. The corresponding heat, Qg, is:

6 © IS0 2017 - All rights reserved
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. -
Qg =L Pgdt=(mC, (T, ,T3)+C. +C, )(Tp =Ty )

where ((\\
00
my is the mass of the test specimen; ges

C (T T is the mean specific heat capacity of the test speci \)
p( 1 2) a
G; is the heat capacity of the Calorlmeterx\\(\

Ce is the heat capacity of the cryg

Another experiment for the deterp of the baseline is performed using an identical imposed
heating sequence with the erw ible. The corresponding heat, Qp, is given by:

Qp= _[PBdt [Cc+Co |(T,-Ty)

From the above equations, the mean specific heat capacity can be calculated as:

Qe —0B

C_(T1 ‘-TZ ]=
. my (T, -T;)

5.1.3 Continuous heating method

Temperature is increased linearly versus time at a constant heating rate . Using the same notation as
in 5.1.2, the thermal power Pg supplied to the system at every moment is:

K-Scye =(mCp+C.+C, ) B

Another experiment for the determination of the baseline is performed with the empty crucible. The
corresponding thermal power is given by

K-S.=(C.+C,)B

The specific heat capacity can be calculated from:

c K845,
p Lo
m,
where
K is the calibration factor;
SciSe+t are the output signals;

K-Scand K - Sc+¢  are the thermal powers supplied to the system.

© 1S0 2017 - All rights reserved 7
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5.2 Apparatus

5.2.1 Differential scanning calorimeter. \
5.2.1.1 There are two types of differential scanning calorimeters operating on power 109t10n
and heat flux principles, both designed to operate under adiabatic conditions.

Both comprise two measuring cells housed in a furnace which provides ov gheatmg One cell
contains the test specimen and its crucible, the other contains an em ﬁ e only.

5.2.1.2 Power compensation type: each cell has an addltl n er to compensate for the temperature
variations from the overall heating programme. T t which is supplied to either cell heater to

maintain equal temperatures during heatmg

5.2.1.3 Heat flux type: power iw cfbetween each cell and its respective surrounding during the
heating programme. The differencd ith power exchange between the two cells is measured.

5.2.2 Balance, with an accuracy better than 0,1 mg.

5.2.3 Temperature detectors, thermocouples in accordance with [EC 60584-1 shall be used for the
measurement of temperature.

5.2.4 Data acquisition system, the time duration between two successive measurements shall be less
than 0,5 s.

5.3 Standard reference materials, SRM

Standard reference materials shall be used for calibration. An example is given in Annex B.

5.4 Test specimens
The test specimens shall be representative of the material.

This criterion is generally met by test specimens containing the maximum number of representative
volume elements compatible with the volume of the crucible. If this number is less than five, several
solutions are possible:

a) the test specimens should have an exact number of representative volume elements;

b) the material should be cut into pieces, and a number of similar test pieces should be tested and an
average value determined.

5.5 Temperature calibration

A temperature calibration curve for the furnace using the same heating rate as for the determination
of the specific heat capacity is established by using the melting points of standard reference materials
(see, for example, Annex C).

Thermocouples shall be calibrated in accordance with IEC 60584-1.
5.6 Test procedure for the determination of C,,

5.6.1 General

Depending on the necessity or not of using a calibration factor K for the calorimeter, two methods can
be used:

8 © IS0 2017 - All rights reserved
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Method 1: measurements requiring the knowledge of the K factor; in this case, care shall be taken in
order to ensure that the calibration is valid for all the measurements to be taken.

NOTE Generally, this can be done by running a test using a test specimen with well-known pmp{(\
0 tests.

Method 2: measurements requiring the use of a reference standard material durm
5.6.2 Method 1: Measurements requiring the knowledge of the K 5‘\5@6

5.6.2.1 Determination of the K factor (\a’g

llﬁm It is determined from the ratio of a known
dy-state calorimetric output signal.

The calibration factor K is obtained by electrical
amount of power dissipated in a resistor to t

5.6.2.2 Measurements wn@ Alcnmen for the determination of the C,

5.6.2.2.1 General

A series of measurements shall always be referenced to a baseline measurement performed under
experimental conditions identical to the other measurements in the series. The type of crucible used
depends on the type of test specimen and on the temperature range, and shall be the same for the series
of measurements. The mass of all empty crucibles used in the series shall not differ by more than 5 %.

5.6.2.2.2 Test sequence for the stepwise heating method (see Figure 1)

5.6.2.2.2.1 Generation of the baseline

See Figure 1.

a) weigh the two empty crucibles to the nearest 0,1 mg;

b) place the two crucibles in the calorimeter;

c) setthe calorimeter heating rate, initial and final temperature, and cooling rate;
NOTE Generally, the heating rate is in the range 1 K/min to 20 K/min.

d) heat to an initial temperature, and wait for the temperature to be stabilized at the initial
temperature;

e) heatata constant rate to final temperature of the first step while recording the calorimeter output
signal, until the final temperature is reached and stabilized in order to obtain a baseline;

f) repeat c) to e) for the number of steps required,;
g) cool down to initial temperature;

h) remove the crucibles from the measurement cell.

5.6.2.2.2.2 Measurements using a test specimen
See Figure 1.

Weigh the test specimen and place it in the crucible to be located in the measurement cell. Repeat
operations b) to h) from 5.6.2.2.2.1 on generation of the baseline. Repeat this procedure for a minimum
of three test specimens.

© 1S0 2017 - All rights reserved 9
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N 3 S

output signal
temperature
time
time

Figure 1 — Stepwise heating method (with calibration factor)

5.6.2.2.3 Testsequence for the continuous heating method

5.6.2.2.3.1 Generation of the baseline

See Figure 2.

a) weigh the two empty crucibles to the nearest 0,1 mg;

b) place the two crucibles in the calorimeter;

c) setthe calorimeter heating rate, initial and final temperature, and cooling rate;
NOTE Generally, the heating rate is in the range 1 K/min to 20 K/min.

d) heat to an initial temperature, and wait for the temperature to be stabilized at the initial
temperature;

e) heatata constantrate to final temperature of the first step, while recording the calorimeter output
signal, until the final temperature is reached and stabilized in order to obtain a baseline;

f) cool down to initial temperature;

g) remove the crucibles from the measurement cell.

10 © IS0 2017 - All rights reserved
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5.6.2.2.3.2 Measurements using a test specimen

See Figure 2.
Weigh the test specimen and place it in the crucible to be located in the measuremevugc\‘epeat
operations b to g of the above paragraph on generation of the baseline. Repeat is@ ure for a

minimum of three test specimens. ge .
. A Q@*\)
-
O\

6 S.
I
I
A | ~
2 | 3
I
I
|
o
4
Key
1  output signal 4 time
2 temperature 5 testpiece
3 time 6 baseline

Figure 2 — Continuous heating method (with calibration factor)

5.6.3 Method 2: measurements requiring the use of a reference standard material (SRM)

5.6.3.1 General

The two methods described in 5.6.3.2 and 5.6.3.3 each require:

— measurements with two empty crucibles for the generation of the baseline;
— measurements with one empty crucible and one crucible with the SRM;

— measurements with one empty crucible and one crucible with the test specimen.

© IS0 2017 - All rights reserved 11
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5.6.3.2 Test sequence for the stepwise heating method

5.6.3.2.1 Generation of the baseline

See Figure 3. GO((\\

a)
b)

c)

d)

e)

f)
g)
h)

weigh the two empty crucibles to the nearest 0,1 mg; ges
place the two crucibles in the calorimeter;

set the calorimeter heating rate, initial and final temperat ﬁ olmg rate;

NOTE Generally, the heating rate is in the range 1 1ng 0 K/min.

heat to an initial temperature, and the temperature to be stabilized at the initial
temperature;

heat at a constant rate to fma \& Q’ature of the first step, while recording the calorimeter output
signal, until the final temperature is reached and stabilized in order to obtain a baseline;

repeat c) to e) for the number of steps required;
cool down to initial temperature;

remove the crucibles from the measurement cell.

5.6.3.2.2 Measurement with a test specimen or with a SRM

See Figure 3.

Weigh the test specimen or the SRM and place it in the crucible to be located in the measurement cell.
Repeat operations b) to h) from 5.6.3.2.1 on generation of the baseline. Repeat this procedure for a
minimum of three test specimens.

12
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output signal
temperature
time
time

Figure 3 — Stepwise heating method (with standard reference material)

5.6.3.3 Test sequence for continuous heating method

5.6.3.3.1 Generation of the baseline

See Figure 4.

a)
b)

<)

d)

e)

f)
g)

weigh the two empty crucibles to the nearest 0,1 mg;

place the two crucibles in the calorimeter;

set the calorimeter heating rate, initial and final temperature, and cooling rate;
NOTE Generally, the heating rate is in the range 1 K/min to 20 K/min.

heat to an initial temperature, and wait for the temperature to be stabilized at the initial
temperature;

heat at a constant rate to final temperature of the first step, while recording the calorimeter output
signal, until the final temperature is reached and stabilized in order to obtain a baseline;

cool down to initial temperature;

remove the crucibles from the measurement cell.

© 1S0 2017 - All rights reserved 13
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5.6.3.3.2 Measurements using a test specimen or an SRM
See Figure 4.

Weigh the test specimen or the SRM and place it in the crucible to be located in the measureme @G\\
Repeat operations b) to g) from 5.6.3.3.1 on generation of the baseline. Repeat this pr ec@@ur a

minimum of three test specimens. ge .

A
1 -
S cHr ;\\‘\(\a Q

:\\k@fﬂ

AP

7
il

6 S
I
A | &l
2 | 3
I
|
=
4
Key
1 output signal 5 testpiece
2 temperature 6 baseline
3 time 7  reference
4  time

Figure 4 — Continuous heating method (with standard reference material)

5.7 Calculation of results
5.7.1 Method requiring the knowledge of the K factor

5.7.1.1 Stepwise heating method
See Figure 1.

The use of a computer with adapted software greatly simplifies data acquisition and treatment, and is
recommended.

For the considered temperature interval, the shaded areas, 4, are the integrals of the output signal, s,
with respect to time.
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For the baseline run with an empty crucible, one obtains:

K- A:=(C,+€5)(Ts Ty )

For crucible plus test specimen:

K-Acp=(my Cpt +C.+C, )T, -T)

From these two equations one obtains:

Gl )= e \\N'
where \Q“
e

E is the mean calorimeter calibration factor for the temperature range T to T2, in watts per volt
(WV-1);

s is the heat capacity of the calorimeter, in joules per kelvin (J.kg-1.K-1);
C. is the heat capacity of the crucible, in joules per kelvin (J.kg-1.K-1);

C—is the mean specific heat capacity of the test specimen, in joules per kilogram and per kelvin
Pt (J.kgKD);

m, is the mass of the test specimen, in kilograms (kg).

5.7.1.2 Continuous heating method
See Figure 2.

Using the same notations as in 5.7.1.1 plus C,; as the specific heat capacity of the test specimen, one

obtains for each temperature:
— for the empty crucible:

KS.=(C.+C,)B

— for crucible plus test specimen:

KS¢ o =(mCpp +C.+Co )P

The specific heat capacity of the test specimen for each temperature, 7, is then obtained from:

C..s K(smt _Sc )
f=—t e
d my - B
where
B is the constant heating rate in (K. s-1);
K is the calibration factor at a temperature, T

S¢, S+t are the output signals of the calorimeter in volts (V).
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5.7.2 Method using an SRM

5.7.2.1 Stepwise heating method \
See Figure 3. GO((\

The use of a computer with adapted software greatly simplifies data acquisition a @aém, and is
recommended. a\)

For the considered temperature interval, the shaded areas, 4, at;e{\ﬂm Is of the output signal, s,

with respect to time. \\\
\¥)

For the baseline run with an empty crucible, one obtaj

KA. =(C.+C,)(T, -T;)

— for crucible plus test piece:

KAy =(my Cpt +C.+C, )T, -T1)

— for crucible plus reference piece:

KAg=(m, Cpr +C +C, (T, -T1)

where

K is the mean calorimeter calibration factor in watts per volt (W.V-1);

49 is the heat capacity of the calorimeter in joules per kilogram and per kelvin (J.kg-1.K-1);

Cc is the heat capacity of the crucible in joules per kilogram and per kelvin (J.kg-1.K1);
C— is the mean specific heat capacity of the test piece in joules per kilogram and per kelvin (J.kg-1.K-1);
pt

C is the mean specific heat capacity of the reference piece in joules per kilogram and per kelvin

Pr (J.kg.K1);
m, is the mass of the test specimen in kilograms (kg);

m, is the mass of the standard reference material in kilograms (kg).

The mean specific heat capacity of the test piece is then obtained from:
— — A —A
Cpt (Tl JTZ):Cpr Bl g 0)
mg (Ac+r _Ac )
5.7.2.2 Continuous heating method
See Figure 4.

Using the same notations as in 5.7.2.1 plus C,,; as the specific heat capacity of the test specimen and Cpr
as the specific heat capacity of the standard reference material, one obtains for each temperature:

— for the empty crucible:
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KS =(Cc+Co)B

— for crucible plus test specimen: ((\\
KS eyt =(mCpp +C+C, ) B 5 GO

— for crucible plus standard reference material:

%
KScor =(mpCpp +Cc+C, ) B (\a’g

r-pr
The specific heat capacity of the test specim temperature T, is then obtained from:
— — Sc+t i \\
Cpt =Cor ————& ( \Q
m (Seae —S}Q\
where
B is the constant heating rate in (K1)
K is the calibration factor at a temperature, T

S, Sc+t, Sc+r are the output signals of the calorimeter in volts (V).

6 Testreport
The test report shall contain at least the following information:
a) name of the testing establishment;

b) date of the test; a unique identification of the report and of each page, the customer’s and signatory’s
names and addresses;

c) reference to this document, i.e. “Determined in accordance with ISO 19628";

d) type of method of measurement used;

e) brief details of the equipment used, or any procedures adopted, including necessary deviations;
f) calibration procedures if applicable;

g) material type, manufacturing code, batch number;

h) methods of production of test specimens from supplied material (if appropriate);

i) relevant test parameters (as required for each test);

j) results of individual tests on required number of test specimens;

k) mean results and standard deviation (if required);

1) comments about the test or the test results;

m) value of specific heat capacity at each required temperature, or value of the mean specific heat
capacity between two temperatures calculated on at least three test specimens.
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Annex A
(normative)

Drop calorimetry - determination of the calibration facttg @Qﬁc\
standard reference material g
A\

2O

A test specimen made from a standard reference material [1 Wg\s dropped from a temperature T
into the calorimeter at temperature T>. Figure A.1 sh ample of a heat dissipation curve on a

reference material.

A ‘(\\\Q‘ \\

|
2
Key
1  output signal
2  time
3 ApinpV.s

Figure A.1 — Heat dissipation curve as a function of time

The calibration factor K of the calorimeter at temperature T expressed in watt/volts is equal to:

where

18 © IS0 2017 - All rights reserved
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A, is the area under the peak in volt seconds;

H; is the amount of heat required for the reference test specimen to heat from temperat \ T1 to
temperature T3, &\

The calibration coefficient K varies with temperature and shall be measured fmé% Ug{perature.

I\
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Annex B
(informative)

Standard reference material

o\
R <
)

The most convenient standard reference material, for this method T@ﬁga or sapphire, certified by
the National Institute of Science and Technology of USA (N]S'ecée erence SRM 720 up to 2 250 K.

This Standard Reference Material (SRM) is intend ise in calibrating or checking calorimeters
used to measure either enthalpy or heat capgqi n the range of 10 to 2 250 K.

.
The material furnished is synthetic ’IS cylinders, cut from centerless-ground rods grown by the
Vernieul process and obtained fr nion Carbide Corporation.

The enthalpy and heat-capacity data have been derived from high-temperature enthalpy and low-
temperature heat-capacity measurements. These data are presented in both tabular and equation format.

The enthalpy values are accurate to + 0,1 % from 70 to 1173 K and the heat-capacity values have an
accuracy ranging from = 0,1 % at 70 K to £ 0,3 % at 1 200 K. Below 70 K, the inaccuracy in heat-capacity
and enthalpy values increase gradually to = 10 % at 10 K, because, with decreasing temperature, the
heat capacity of sapphire diminishes at a much faster rate than does that of the sample container
(mainly copper). The precision of the heat-capacity measurement between 100 and 380 K is estimated
to be + 0,02 %. The precision of the enthalpy measurement from 273,15 to 1 173 K is estimated to
be 0,02 %. For the temperature range 1 173 to 2 250 K, the precision of the enthalpy measurement
is estimated to be + 0,03 %, and the accuracy of the measured enthalpy is estimated to be + 0,2 %, to
a large extent reflecting the uncertainty in temperature measurements at these high temperatures.
Above 1 700 K, a detectable weight loss was observed in an open container due to evaporation of
material.

Relative enthalpy and heat capacity?

Temp2 Hr-Hp Cp
K J-mol-1 J-mol-1-K-1

10 0,023 0,009 1
15 0,115 0,030 7
20 0,364 0,073 2
25 0,898 0,146
30 1,905 0,265
35 3,646 0,443
40 6,460 0,697
45 10,77 1,046
50 17,11 1,507
60 38,18 2,793
70 74,68 4,592
80 131,7 6,901
90 214,2 9,679
100 326,6 12,855
110 472,4 16,347

a  Temperatures expressed on IPTS-68 scale.

b Molecular weight = 101,961 3.

20
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Relative enthalpy (continued)

eSS

Tempa Hr-Hok Cp
K J-mol-1 J-mol-1-K-1
654,3 20,07
130 874,3 2395
140 11337 2793 ( \
1433,1 N\ ~
160 17727 o AN 95
170 2152Q\\\Y * 3990
PR 43,75
190 N 3 026,7 47,50
W 35199 51,12
\(\W\d j 4048,7 54,61
o220 4 611,6 57,95
230 5207,1 61,14
240 58339 64,18
250 64903 67,08
260 7175,0 69,82
270 7 886,3 72,12
273,15 8115,6 73,21
280 8622,8 74,87
290 9383,2 77,20
298,15 10 020 79,01
300 10 166 79,41
310 10 971 81,51
320 11 796 83,49
330 12 641 85,37
340 13 503 87,16
350 14 383 88,84
360 15 280 90,45
370 16 192 91,97
380 17 119 93,41
390 18 060 94,78
400 19 014 96,08
410 19 982 97,32
420 20 961 98,50
430 21951 99,62
440 22 953 100,69
450 23 965 101,71
460 24987 162,68
470 26018 103,60
480 27 059 104,48
490 28 108 105,33
500 29 165 106,13

a

b

Temperatures expressed on IPTS-68 scale.
Molecular weight = 101,961 3.

© IS0 2017 - All rights reserved
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Relative enthalpy (continued)

Tempa Hr-Ho k Cp
K J-mol-1 J-mol-1-K-1
510 30 230 106,90
520 31303 107,64
530 32383 108,35
540 33470 109,02
550 34563 « AR
560 35663 X \W029
570 36 764N > 110,89
580 RIS 111,46
590 * \ | %8998 112,02
6\0\@ © 40121 112,55
618 41249 113,06
620 42382 113,55
630 43 520 114,02
640 44 663 114,48
650 45 810 114,92
660 46 961 115,35
670 48117 115,76
680 49 276 116,16
690 50 440 116,55
700 51607 116,92
720 53 953 117,64
740 56 313 118,32
760 58 685 118,96
780 61071 119,56
800 63 468 120,14
820 65 876 120,69
840 68 295 121,21
860 70 724 121,71
880 73163 122,20
900 75 612 122,66
920 78 070 123,11
940 80 536 123,55
960 83011 123,97
980 85 495 124,37
1000 87 986 124,77
1020 90 486 125,16
1040 92 992 125,53
1060 95 507 125,90
1080 98 028 126,26
1100 100 560 126,61
1120 103 090 126,95

a

b

Temperatures expressed on IPTS-68 scale.
Molecular weight = 101,961 3.

22
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Relative enthalpy (continued)
Tempa Hr-Hok Cp
K J-mol-1 J-mol-1-K-1
1140 105 640 127,29
1160 108 180 127,61
1180 110 740 127,94 \
1200 113 300 @.V‘
1250 119730 « g ’1@01
1300 126 zpo‘(\\\ YT 12974
1350 . ™ 130,43
1400 4 14 NS 139 240 131,08
140 \V° 145 810 131,70
\(\\‘3@‘5 152 410 132,29
1550 159 040 132,84
1600 165 700 133,36
1650 172 380 133,85
1700 1790,80 134,31
1750 1858,10 134,73
1800 1925,50 135,13
1850 1993,20 135,50
1900 2061,00 135,85
1950 2 129,00 136,18
2000 219 720 136,50
2 050 226 550 136,80
2100 233 400 137,10
2150 240 260 13741
2200 247 140 137,23
2250 254 010 138,06

a

b

Temperatures expressed on IPTS-68 scale.

Molecula

rweight=101,961 3.

00“\\

Below 273,15 K, the heat-capacity values were calculated from a spline function fitted to the heat-
capacity data over three temperature intervals and employing polynomials, Pn (n = 1,2,3) of the form:

6
Z TTG

45,0K>T28,61K:

Cp = exp (P1) J-mol-1-K-1
125,0K>T=45,0 K:

© IS0 2017 - All rights reserved

To=8,61 K
Ag =-0,514 7E+01
Ay = +0,341 27E+00

A2=-0,333 446E-01

=40,0K
Ap =+0,696 6E+00

Az = +0,450 764E-02

A4 =-0,514 64E-03

As =+0,397 864E-04

Ag=-0,152 136E-05

A3 =+0,951 73E-04

Aq=-0,359 10E-05
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Cp = P2 J-mol-L-K-1 Ay = +0,593 87E-01 As = -0,649 8E-07
Ay = +0,403 57E-02 Ag = +0,408 9E-08 ((\\
273,15 K> T=125,0 K: To=125,0K Az =-0,839 67§@5 *
A = +0,219 93E+02 Ag=+ 05
-
= P3 J-mol-1.K1 A; = +0,388 53E+00 '\Q@—o,m? 78E-07

Az = +0,139 55E- Ae = +0,295 62E-09
Above 273,15 K, enthalpy and heat—capacny ere derived from the following equation:

Hi-Hz7315 = AT2 + BT + CIn((\!(Q % ET2 + FT3 + GT* + HTS J-mol-1

A =+6,625 3E+07 E =-8,575 16E-02
B =-4,542 38E+06 F =+4,299 063E-05
C =-5,475 599E+04 G=-1,151 92E-08
K=+2,581 970 2E+05 H=+1,263 51E-12

D =+2,574 076E+02

Low-temperature measurements from 10 to 380 K were made with a vacuum adiabatic calorimeter
[1.2] operated automatically under the control of a minicomputer. Enthalpy measurements at 18
temperatures from 273 to 1 173 K were made by the drop method using a Bunsen ice calorimeter [3.4].
From 1173 to 2 250 K, enthalpy measurements were made with an adiabatic receiving calorimeter
[5.6]. All temperatures are expressed on the IPTS-68 scale. In the correction of specimen mass data for
atmospheric buoyancy, a density of 3,97 g.cm-3 for a-Al;03 was assumed. The functions presented were
fitted by the method of least squares to these data. The tabulated values were calculated using these
functions.

An occasional particle may contain an end smear due to the method employed in cutting the material.
These smears do not contribute significantly to the enthalpy values given in this certificate. However,
it is recommended that the material be heated to 1 000 °C in air prior to heat-capacity measurements
below 350 K. Microprobe analyses indicate small quantities of chloride, titanium, calcium, silicon, iron,
copper, and zinc on the surfaces. Spectrographic examination indicates the purity of the bulk material
to be at least 99,95 + percent, with the major impurities being magnesium, calcium, chromium, iron,
silicon, and titanium. Examination by atomic absorption spectrometry for magnesium, indicated as
the major impurity by the above tests, shows that the surface contamination by this element amounts
to 1 ppm, or less, and that the bulk material contains 10 ppm, or less, of magnesium. In addition, the
material absorbs a small amount (30 ppm or less, presumably moisture) of weight on the ground
surfaces on exposure to room air, and may require heating in an inert atmosphere, if this amount of
moisture is of concern. Combustion analysis in oxygen indicates the material contains on the order of
10 ppm or less of carbonaceous material calculated as carbon.
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o
N

e{“@,’ogetal]ic reference materials.

Table C.1 — Temperatures and heat of {\ i (g’a selection of metallic reference material
Material \ A“emperature Heat of fusion

Wa ¥ \ Q) ()

Indium a\\\ i 156,4 28,4

Tin v 2318 56,1

Lead 3274 24,7

Zinc 4194 111,2

Aluminium 660 395

Silver 962 104,5

Gold 1064 64

Nickel 1455 299

Palladium 1554 162
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