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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 19628:2017(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Thermophysical properties of ceramic
composites — Determination of specific heat capacity

1 Scope

This|document describes two methods for the determination of the specific heat capacity of ceramic
matrix composites with continuous reinforcements (1D, 2D, 3D).

Unidjrectional (1D), bi-directional (2D) and tridirectional (XD, with 2 <x < 3).

The two methods are:

— I:ethod A: drop calorimetry;

ethod 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.s limited to 1 900 K.

NOTH Method A is limited to the determination of an average value of the specific heat capacity over a given
temprature 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
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest editionof-the referenced document (including any amendments) applies.

ISO 19634, Fine ceramics (advanced ceramics, advanced technical ceramics) — Ceramic cqmposites —
Notalions and symbols

IEC §0584-1, Thermocouples — Part 1: Reference tables

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

[SO dnd JEG-maintain terminological databases for use in standardization at the following gddresses:

— lEGZElectropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.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,~Ld0
mdT

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

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

Cp

amount of heat required to raise the temperature of a mass unit of a material from temperature T1 to
temperature T7 at a constant pressure, divided by the temperature increase (T2 - T1) expressed in K

3.3

representative volume element

RVE

minimum volume which is representative of the material considered

4 Method A - drop calorimetry

4.1 Prind

A test piece
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the temper
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is dropped from a conditioning chamber at a constant temperature 77 to-another cha
temperature T5.

ecific heat capacity is determined from the measured amount of heat required to mai

s close as possible to adiabatic conditions.

ratus

p calorimeter, there are several types of drop“calorimeters. They include one (or n
r chambers and measuring chambers, which-cah be operated under controlled atmosy

e all equipped with a temperature control system that allows a temperature stability o

bning chamber shall have a homegeneous temperature zone size greater than the
ze. The measuring chamber shall have a homogeneous temperature zone of a suffi

ept several specimens and a sufficient thermal inertia to limit the temperature disturb
Fop.

r by radiation during-the“drop shall be avoided as far as possible.

Ince, with an acéuracy of 0,1 mg for test pieces over 10 mg and an accuracy of 0,01 m

elow 10 mg.

mber
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hore)
here
f less
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cient
hnce,

g for

perature detectors, thermocouples in accordance with IEC 60584-1 shall be used for the

1t of temperature up to 1 920 K.

For higher t

pbriiperatures, 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 spe

cimens shall be representative of the material.
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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 elements;

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

4.5

Calibration of calorimeter

4.5.

General

Calibration of calorimeters may be done according to two different methods. The first
dissipating a known amount of thermal power using a calibrated resistor intréduced in
chanpber of the calorimeter. In the second method a reference specimen withi’/known {

capa

4.5.2

The
stead

NOTH

NOTH
meas

4.5.3
This
knov
for st
4.6

4.6.1

4.6.1
The 1

City is dropped according to the procedure described in 4.6.

Electrical calibration

falibration factor is the ratio of a known amount of thermal power dissipated in the re|
ly-state calorimetric output signal, and is measured at temperature T».

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

2 This method can only be used if the sensitivity ofthe calorimeter is not affected by the
uring chamber.

Calibration using standard reference material

calibration is called “drop calibration”A specimen made of a standard reference ma
/n specific heat capacity is dropped@ccording to the test procedures described in 4.6. (|
andard reference material.) Thé calibration factor is determined according to Annex 4

Test procedures
Test without a crucible

.1 Test with drop calibration

est witheutd crucible and with drop calibration is done in the following order:

, T, RbR, T, R

consists of
the second
pecific heat

sistor to the

filling of the

erial with a
See Annex B
.

where

R isthe test of standard reference material;

T isthe 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;

© ISO
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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 conditioning and
measuring chambers can require the use of a sealed crucible.

4.6.2 Test with a crucible

4.6.2.1 General

The mass offall empty crucibles used 1or the test shall not differ by more than > Y.

4.6.2.2 Tgstwith drop calibration

The test with a crucible and with drop calibration is carried out in the following order;

C,C+RI|IC+TCC+R,C+T,C,C+R,C+T,C

where

C ¢ the test with the empty crucible;

—-

C + R ig the test of crucible plus standard reference material;
C+T igthe test of crucible plus test specimen.

Carry out edch test as described in 4.6.3.

4.6.2.3 Tdst with electrical calibration

The test with a crucible and with calibratien-using power dissipation in a resistor is done i the
following or{der:

— calibratjion of calorimeter;
— carry ouit the following sequence:

C,C+TC,C+T,CC+TC

where

C

—-

g the test with the empty crucible;

C+ T i the 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 Tq and wait for a sufficient period (around 15 min) to reach thermal equilibrium of
the test piece with its environment;

— measure T1 and Ty;

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

— drop the test piece;

— stop the recording when the steady-state output signal is reached.

4.7 | Calculations
4.7.1 General
The fhange in heat Q corresponding to the drop of the test piece is relatedyto the area A under the
caloliimetric output signal by the following equation.
0=K-A
whete K is the calorimeter calibration factor.
4.7.2 Determination of the calorimetric calibration factor
4.7.2.1 Electrical calibration
See Annex A.
¥ heat dissipated H
k — = —
area under the calorimetric output'signal A
4.7.2.2 With standard referencé material
See Annex B.
4.7.3 Determination-of mean specific heat capacity E
The mean specific-heat capacity is determined using the following formula:
1T 1 Q(Ty,T
tp (T, T3 )=——Ql 11.13)
m; (T, —Ty)
wherre
T1 is the initial temperature at which test pieces are conditioned;
) is the calorimeter temperature;
Qi (T1,T2) isthe heat variation between T and Tp;
mj is the mass of the test piece, determined by weighing;
- is the mean specific heat capacity between Tq and T5.
Cp(T1,T2)
©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;

— i=t+cforatestpiece and crucible.

without crucible

K-A,

PC T m (T =T, )

with crucib

K{
Cpr=—

Ac+t

5
5.1 Pring

5.1.1 Gen
The method|

specimen in
may be step

Stepwise he

temperaturg
capacity Cp

5.1.2

The mean A

Method B - differential scanning calorimetry.

Stepwise heating method

e

Ac+t_Ac)
¢ (T, —T1)

the value of integration of calorimetric output signal of test spécimen;
the value of integration of calorimetric output signal of crucible;

the value of integration of calorimetric output signal ef.test specimen plus crucible.

iple
eral

consists in measuring the difference in power needed to raise the temperature of th¢
its crucible and of an emptytidentical crucible using the same heating programme, v
wise heating or continuous heating.

ating allows only the determination of the mean specific heat capacity C_p(Tl ,TZ) 0

e range (T1,T2),cwhereas continuous heating allows determination of the specific
ht a given temperature.

pecCific heat capacity C_p(Tl,Tz)is measured in a temperature interval defined by

b test
rhich

ver a
heat

two

anud T Thal oo+ N 3 T+

SQIETL

isothermal |

Al T
VCTIS, 1T T at 1 2w ractat, UE; O

Ty is

determined by integrating the thermal power, Pg, with respect to time. The corresponding heat, Qg, is:
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¢ -
Qg =JO Pgdt=(mC,, (Ty,T3)+C. +C;, )(T2 =T1)
where

me is the mass of the test specimen;

is the mean specific heat capacity of the test specimen;
Cp(T1,T7)

Co is the heat capacity of the calorimeter;

Cc is the heat capacity of the crucible.

Another experiment for the determination of the baseline is performed using an identifal imposed
heating sequence with the empty crucible. The corresponding heat, Qp, is given by

VN

) =_[:PBdt=[cC +C, (T, -Ty)

Fronj the above equations, the mean specific heat capacity can be caleulated as:

Qr —Qp
m¢ (T, —T1)

o

o (T —T2)=

5.1.3 Continuous heating method

Temperature is increased linearly versus time at asconstant heating rate 2. Using the sam¢ notation as
in 5.1.2, the thermal power Pg supplied to the system at every moment is:

~—

(-Sere =(mCp+Cc+Cy ) B
Another experiment for the determination of the baseline is performed with the empty drucible. The
corr¢sponding thermal power is givén by

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

The §pecific heat capacity can be calculated from:

b K e <80
P 8
where
¢ isthecatibrationfactor;
Sc, Scit are the output signals;

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

© IS0 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 compensation
and heat flux principles, both designed to operate under adiabatic conditions.

Both comprise two measuring cells housed in a furnace which provides overall system heating. One cell
contains the test specimen and its crucible, the other contains an empty crucible only.

5.2.1.2 Po
variations fi
maintain eq

5.2.1.3 He
heating prog

5.2.2 Bal{

5.2.3 Tenj
measureme

5.2.4 Data acquisition system, the time duration between two\sticcessive measurements shall b

than 0,5 s.

5.3 Stand

Standard re

5.4 Tests
The test spe

This criteri
volume elen
solutions ar

eI COMPENSation type: each cell Tas an additionat heater to COMmpensate {or the tEMmpgeT
om the overall heating programme. The power which is supplied to either cell heat
1al temperatures during heating is measured.

rramme. The difference in power exchange between the two cells is measured.

Ince, with an accuracy better than 0,1 mg.

ht of temperature.

lard reference materials, SRM

ference materials shall be used for calibrdtion. An example is given in Annex B.

pecimens
cimens shall be representative of the material.

n is generally met by test specimens containing the maximum number of represent
nents compatible with)the volume of the crucible. If this number is less than five, se
e possible:

specimens should have an exact number of representative volume elements;

value determined.

ture
er to

at flux type: power is exchanged between each cell and its respective surrounding during the

perature detectors, thermocouples in accordance with IEG60584-1 shall be used for the

b less

ative
veral

erial shotild be cut into pieces, and a number of similar test pieces should be tested afd an

erature calibration

a) thetest
b) the mat]

average
5.5 Temp

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:

© ISO 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 properties.

Method 2: measurements requiring the use of a reference standard material during a series of tests.
5.6.2 Method 1: Measurements requiring the knowledge of the K factor

5.6.2.1 Determination of the K factor

The iallbratlon factor Kis obtained by electrical calibration. [t is determined from the rati¢ of a known
amonunt of power dissipated in a resistor to the steady-state calorimetric output signal.

5.6.2.2 Measurements with the specimen 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 cfucible used
depeinds on the type of test specimen and on the temperature range, and shall be the same fpr the series
of mg¢asurements. The mass of all empty crucibles used in the séries shall not differ by morg¢ than 5 %.

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

5.6.2.2.2.1 Generation of the baseline

See Higure 1.

a) \veigh the two empty crucibles to the néarest 0,1 mg;

b) place the two crucibles in the calerimeter;

c) getthe calorimeter heating rate, initial and final temperature, and cooling rate;
INOTE Generally, the h€ating rate is in the range 1 K/min to 20 K/min.

d) lheat to an initial temperature, and wait for the temperature to be stabilized af the initial
temperature;

e) heatata constaiit rate to final temperature of the first step while recording the calorimeter output
gignal, untilthe final temperature is reached and stabilized in order to obtain a baselin;

f) rtepeatc) to e) for the number of steps required;

g) ¢oadbdown 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.

© IS0 2017 - All rights reserved 9
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A =
~— o 3
2
[
4
Key
1  outputsignal
2 temperafure
3 time
4  time

Figure 1 — Stepwise heating method (with calibration factor)

5.6.2.2.3 Test sequence for the continuous heating method

5.6.2.2.3.1 | Generation ofthe baseline
See Figure 2.
a) weigh the two.empty crucibles to the nearest 0,1 mg;

b) place thie 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) 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 measurement cell. Repeat
operations b to g of the above paragraph on generation of the baseline. Repeat this procedure for a
minimum of three test specimens.

A

1
5 S c+t
6 S.
|
| |
A | ‘ =
2 | 3
|
|
[T
4
Key
gutput signal 4 time
2 Imperature 5 testpiece
3 ime 6  baseline
Figure 2 — Continuous heating method (with calibration factor)
5.6.3 ~Method 2: measurements requiring the use of a reference standard material ($RM)

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


https://standardsiso.com/api/?name=62dc28014af3d2596f5e148549cd8608

IS0 19628:2017(E)

5.6.3.2 Test sequence for the stepwise heating method

5.6.3.2.1 Generation of the baseline

See Figure 3.

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 atythe ipitial
tempergture;

e) heatat @ constant rate to final temperature of the first step, while recording the calorimeter oyitput
signal, Until the final temperature is reached and stabilized in order to obtain a baseline;

f) repeatd) to e) for the number of steps required;
g) cool doyn to initial temperature;

h) removelthe crucibles from the measurement cell.

5.6.3.2.2 Measurement with a test specimen or with a SRM
See Figure 3.

Weigh the tgst specimen or the SRM and place it in the'€rucible to be located in the measurement cell.
Repeat opefations 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 © IS0 2017 - All rights reserved
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C+r

c+t

=)
=

<
d

k

|
4
Key
1  qutputsignal
2 temperature
3 fime
4 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 Higure 4.

a) \eighithe 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) cool down to initial temperature;

g) remove the crucibles from the measurement cell.

© IS0 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 measurement cell.
Repeat operations b) to g) from 5.6.3.3.1 on generation of the baseline. Repeat this procedure for a
minimum of three test specimens.

1A
7 S cir

5 S c+t /

6 S.
i I | -
2 | 3
-
4
Key
1  outputsignal 5 testpiece
2 temperafure 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.

14 © IS0 2017 - All rights reserved
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For the baseline run with an empty crucible, one obtains:

K- Ac=(Cc+Co )T~ Ty )

For crucible plus test specimen:

K-Acp=(my Cpt +C.+C, )(T, —-T1)

From these two equations one obtains:

T K(A..—-A
G (T1 :Tz)=—( cre ~4c)
m¢ (T, =Ty )
where
% is the mean calorimeter calibration factor for the temperature range-T1 to T3, in wiatts per volt

(WV-1);
Co is the heat capacity of the calorimeter, in joules per kelvin (Jkg-1.K1);
C. s the heat capacity of the crucible, in joules per kelvin (L kg-1L.KD);

[ is the mean specific heat capacity of the test specimen, in joules per kilogram and per kelvin
Pt (J.kgl.K1);

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

5.7.1.2 Continuous heating method

See Higure 2.

Using the same notations as in 5&.1:1 plus Cpe as the specific heat capacity of the test specimen, one

obtalns for each temperature:
— {flor the empty cruciblé:

KS.=(C.+C,)B

— {or crucible'\plus test specimen:

KScyt =(thpt +C +Co)B

The specificieatcapacity of the testSpeCimen for eaci teMperature, 1, 1S thenm obtained {To

c _K(Scit —S¢)
pt~
m -
where
B is the constant heating rate in (K. s1);
K is the calibration factor at a temperature, T;

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

© IS0 2017 - All rights reserved 15
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5.7.2 Method using an SRM

5.7.2.1 Stepwise heating method
See Figure 3.

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.

For the basdline run with an empty crucible, one obtains:

KA =(Cp+C, )Tz =T1)

— for crudible plus test piece:

KAc+t =(my Cpt +CC +C0 )(TZ _Tl )

— for crudible plus reference piece:

KAewp=(m, C,, +C.+C, )Ty Ty

c+r r“pr

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

¢ s the heat capacity of the calorimeter ingjoules per kilogram and per kelvin (]J.kg-1.K-1);

C. isthe heat capacity of the crucible injoules per kilogram and per kelvin (J.kg-1.K-1);

—— isthe mean specific heat capagity of the test piece in joules per kilogram and per kelvin (J.kg-1.K-1);

is the mean specific hedt ¢apacity of the reference piece in joules per kilogram and per kelvin
pr (J.hgl.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 sq)ecific heat capacity of the test piece is then obtained from:

o —m.(A.., —A
Cpt (Tl 'TZ):Cpr (A c)
my (Ac+r - Ac )

5.7.2.2 Continuous heating method

See Figure 4.

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

— for the empty crucible:

16 © IS0 2017 - All rights reserved
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The j
T— —— M (Sc+t _Sc)
a pt = Cpr Y
my (Sc+t - Sc )
where
i is the constant heating rate in (Ks1)
K is the calibration factor at a temperature, T

6

The test report shall contain at least the following/information:

a)
b)

‘)
d)
€)
f)
g)
h)
i)
)
k)
1)

m)

IS0 19628:2017(E)

KS.=(C.+C,)pB

for crucible plus test specimen:

KS o =(mCh +C+Cy )P

for crucible plus standard reference material:

KS o =(myCpp +Cc+Co ) B

r-pr

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

L

[est report

ame of the testing establishment;

ate of the test; a unique identificatien of the report and of each page, the customer’s ang
ames and addresses;

reference to this document;i:€. “Determined in accordance with ISO 19628”;
ype of method of measurement used;
brief details of the 'equipment used, or any procedures adopted, including necessary de

¢alibration proceédures if applicable;

aterialtype, manufacturing code, batch number;

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

pecific heat capacity of the test specimen for each temperature, 7, is then obtained fro|m:

| signatory’s

viations;

retfevanttestparameters{as required-foreacirtest);
results of individual tests on required number of test specimens;
mean results and standard deviation (if required);

comments about the test or the test results;

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 factor using
standard reference material

A tests eci nan aada from o~ ctandard rafaranca paatarial o cc o ) ac deaninad fron o toranarat e T
pecimentnadefroma-standardreference-material(massHs-dropped-froma-temperatuye T

into the calqrimeter at temperature T3. Figure A.1 shows an example of a heat dissipation curve on a

reference mpterial.

. A

|
2
Key
1  output signal
2 time
3 ArinpV.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:
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A, is the area under the peak in volt seconds;

Hy is the amount of heat required for the reference test specimen to heat from temperature T to
temperature T3,

The calibration coefficient K varies with temperature and shall be measured for each temperature.
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Annex B
(informative)

Standard reference material

The most convenient standard reference material, for this method the a-alumina or sapphire, certified by
the National Institute of Science and Technology of USA (NIST) under reference SRM 720 up to 2 250 K.

This Standa
used to meq|

The materid
Vernieul prg

The enthalp
temperaturg

The enthalp
accuracy raj
and enthalp
heat capacit
(mainly cop
to be = 0,07
be 0,02 %.
is estimated
a large extd
Above 1 70
material.

rd Reference Material (SRM) is intended for use in calibrating or checking caloxim
sure either enthalpy or heat capacity within the range of 10 to 2 250 K.

| furnished is synthetic sapphire cylinders, cut from centerless-ground rods grown b
cess and obtained from the Union Carbide Corporation.

y and heat-capacity data have been derived from high-temperatdre enthalpy and

y values are accurate to = 0,1 % from 70 to 1173 K and the heat-capacity values haj
ging from + 0,1 % at 70 Kto + 0,3 % at 1 200 K. Below 70 K;the inaccuracy in heat-cap|
y values increase gradually to + 10 % at 10 K, because,‘with decreasing temperaturg
y of sapphire diminishes at a much faster rate thanudoes that of the sample cont
per). The precision of the heat-capacity measurementbetween 100 and 380 K is estin|

%. The precision of the enthalpy measurement-ffom 273,15 to 1 173 K is estimat
For the temperature range 1 173 to 2 250 K, the precision of the enthalpy measure
to be + 0,03 %, and the accuracy of the measured enthalpy is estimated to be + 0,2
nt reflecting the uncertainty in temperature measurements at these high temperat
D K, a detectable weight loss was observed in an open container due to evaporati

Relative enthalpy and heat capacityb

heat-capacity measurements. These data are presented in both tabular and equation foy

pters

[y the

low-
mat.

re an
acity
, the
hiner
1ated
bd to
ment
0, to
ures.
bn of

20

Tempa H7-Ho k Cp

K J-mol-1 J-mol-1-K-1
10 0,023 0,0091
15 0,115 0,0307
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.
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Relative enthalpy (continued)

Tempa Hr-Ho k Cp
K J-mol-1 J-mol-1-K-1
120 654,3 20,07
130 874,3 23,95
140 11337 2793
150 14331 31,95
160 17727 35,95
170 2152,0 3990
180 2570,3 43,75
190 3026,7 47,50
200 3519,9 51,12
210 40487 54,61
220 46116 57,95
230 5 207,1 61,14
240 5 833,9 64,18~
250 6490,3 2, 67,08
260 7175,0 <) 69,82
270 78863 o 72,12
273,15 81156 “ 73,21
280 86228 74,87
290 9.383,2 77,20
298,15 40 020 79,01
300 «O 10166 79,41
310 - 10971 81,51
320 ()* 11796 83,49
33Q - 12 641 85,37
(310 13503 87,16
_ I 350 14 383 88,84
¢ 360 15 280 90,45
2 370 16 192 91,97
Q9 380 17 119 93,41
Q?‘ 390 18 060 94,78
< 400 19014 96,08
410 19 982 97,32
420 20961 98 50
430 21951 99,62
440 22953 100,69
450 23 965 101,71
460 24987 162,68
470 26018 103,60
480 27 059 104,48
490 28108 105,33
500 29 165 106,13

a

b

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