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R 5203 : 20156

Foreword

This translation has been made based on the original Japanese Industrial
Standard revised by the Minister of Economy, Trade and Industry
through deliberations at the Japanese Industrial Standards Committee
as the result of proposal for revision of Japanese Industrial Standard
submitted by Japan Cement Association (JCA) with the draft being at-
tached, based on the provision of Article 12 Clause 1 of the Industrial
Standardization Law applicable to the case of revision by the provision of
Article 14.

Consequently JIS R 5203:1995 is replaced with this Standard.
This JIS document is protected by the Copyright Law.

Attention is drawn to the possibility that some parts of this Standard
may conflict with patent rights, applications for a patent after opening to
the public or utility model rights. The relevant Minister and the Japanese
Industrial Standards Committee are not responsible for identifying any of
such patent rights, applications for a patent after opening to the public or
utility model rights.
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JAPANESE INDUSTRIAL STANDARD JIS R 5203 : 2015

Determination of the heat of hydration of
cement — Solution method

Introduction

This Japanese Industrial Standard has been prepared based on the first edition of
ISO 29582-1 published in 2009 without modification in the basic measuring principle,
but with addition of unique contents of JIS that are: tolerances for the measurement of
heat of solution of hydrated cement and solution conditions for respective types of ce-
ment.

The portions with continuous sidelines or dotted underlines are the matters in which
the contents of the corresponding International Standard have been modified. A list of
modifications with the explanations is given in Annex JA. The comparison table be-
tween previous and current editions of this Standard on technically significant revi-
sions is given in Annex JB.

1 Scope

NOTE : The International Standard corresponding to this Standard and the
symbol of degree of correspondence are as follows.

ISO 29582-1 : 2009 Methods of testing cement — Determination of the
heat of hydration — Part 1 - Solution method (MOD)

In addition, symbols which denote the degree of correspondence in the
contents between the relevant International Standards and JIS are IDT
(identical), MOD (modified), and NEQ (not equivalent) according to
ISO/IEC Guide 21-1.
2 Normative references

The following standards contain provisions which, through reference in this text,
constitute provisions of this Standard. The most recent editions of the standards (in-
cluding amendments) indicated below shall be applied.

JIS K 0050 General rules for chemical analysis

JIS K 8001 General rule for test methods of reagents

JIS K 8005 Reference materials for volumetric analysis

JIS K 8405 Zinc oxide (Reagent)

JIS K 8541 Nitric acid (Reagent)

JISZ 8801-1 Test sieves — Part 1 - Test sieves of metal wire cloth
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3 General requirements for test

3.1 Expression of measurement results

If, in the three measurements, there are no pair of measurements satisfying the toler-

ance, carry out the measurement from the start.

Tolerance for each measurement item shall be as specified in the relevant sub-
clause.
4 Reagents and sample

4.1 Nitric acid (2 mol/L), of guaranteed grade specified in JIS K 8541 or equivalent or
better reagent, measured in the amount specified in Table 1, to which distilled water or
ion-exchanged water is added to make 20 L.

Table 1 Amount of nitric acid weighed out

Density of nitric Amount weighed
acid (g/ml) out (ml)
1.42 2 550
1.40 2 760
1.38 2 980

After mixing the prepared nitric acid (2 mol/L) thoroughly and cooling it to room
temperature, check if its concentration is 2.000 mol/L + 0.004 mol/L according to either
of the following methods a) or b). When the concentration of nitric acid (2 mol/L) is out-
side the range, make adjustment by dripping concentrated nitric acid or adding dis-
tilled water or ion-exchanged water, and check the concentration again. Carry out this
operation until the concentration of nitric acid (2 mol/L) becomes within the predeter-
mined range.

a) Heat sodium carbonate of the reference material for volumetric analysis specified
in JIS K 8005 at 600 °C + 10 °C for 1 h and cool it. Immediately weigh out about 2 g
of this material correctly to the nearest 0.000 1 g and transfer to a beaker. Add
about 200 ml of distilled water or ion-exchanged water to dissolve the material.
Add a few drops of methyl orange (1 g/L) as an indicator, and standardize it by
dropping nitric acid solution through a burette.
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Calculate the concentration of nitric acid (2 mol/L) from Equation (1).

N =18868xmx(a/100) (1)
%
where, N: concentration of nitric acid (2 mol/L) (mol/L)

m: mass of sodium carbonate weighed out (g)
a ' purity of sodium carbonate weighed out (%)
v ¢ titre of nitric acid (2 mol/L) (ml)

b) Using a transfer pipette, take correctly 15 ml or 20 ml of nitric acid (2 mol/L) into a
beaker, add a few drops of phenolphthalein indicator (1 g/L-ethanol solution), ti-
trate it by either a 1 mol/LL sodium hydroxide solution prepared and standardized
according to JA.6.4 r) 1) of Annex JA of JIS K 8001 or a commercially available 1
mol/L. sodium hydroxide solution standardized in the same way and obtain the
concentration of nitric acid (2 mol/L) from Equation (2).

N =222 e (2)
!

where, N concentration of nitric acid (2 mol/L) (mol/L)
vt aliquot of nitric acid used (2 mol/L) (ml)

v;:  titre of 1 mol/L sodium hydroxide solution (ml)

f ¢ factor of 1 mol/Li sodium hydroxide solution

Heat zinc oxide to be used for the measurement of thermal capacity of a calorimeter
at 950 °C £ 25 °C for 1 h. After allowing it to cool in a silica gel desiccator, pass the

to the cement. Mix for 3 min either manually or mechanically, put the resulting paste
in the required number of curing vials [three for each hydration period tested (includ-
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ing the reserves), e.g. when the measurement is carried out at hydration age 7 d and at
28 d, six vials] so that each vial contains approximately the equal amount. Seal the vi-
als by means of a stopper and store them in a thermostatic bath maintained at a tem-
perature of 20.0 °C = 0.5 °C.

5 Apparatus and instruments

5.1 Calorimeter, composed of components given in the following 5.1.1 to 5.1.5. See
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Figure 1 Example of calorimeter having a water bath
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Figure 2 Example of calorimeter having an air bath

5.1.1 Vacuum jar

5.1.1.1 Capacity of vacuum jar, amount of sample and amount of reagents The
amount of sample and amount of reagents specified in this Standard are based on the
assumption that a vacuum jar of about 75 mm in inside diameter, about 150 mm in
depth and about 600 ml in internal volume is used for the test.

In addition, when a Beckmann thermometer is used as a thermometer for measuring
the acid mixture temperature, the measurement shall be carried out with the amount
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and volume specified in this Standard.

5.1.1.2 Specification of vacuum jar A vacuum jar of which the performance has been
checked according to the following method shall be used.

The vacuum jar used shall have an inside surface coated with suitable hydrofluoric
acid-resistant material (e.g. polyethylene, bees wax and fluororesin), and a heat insu-
lated stopper (e.g. made of cork), through which three holes are provided for the ther-
mometer, the stirrer and the funnel used for introducing the sample.

5.1.1.3 Inner cylinder The vacuum jar shall be put into an inner cylinder of which
the inner surface is lined with heat insulating material like cork. When the inner cyl-
inder is not used, a water bath of which the temperature can be controlled within

5.1.2 Thermometer

5.1.2.1 Thermometer for measuring the acid mixture temperature Either a sensor
type thermometer or a Beckmann thermometer shall be used.

The sensor-type thermometer shall have a resolution as accurate as 0.001 °C.

The Beckmann thermometer shall have a scale of about 6 °C and minimum gradua-
tion of 0.01 °C and shall be guaranteed.

The part of the thermometer inserted into the vacuum jar shall be coated with suita-
ble hydrofluoric-acid-resistant material (e.g. polyethylene, bees wax and fluororesin).

When the temperature of acid mixture is measured using a Beckmann thermometer,
the reading on Beckmann thermometer shall be converted to the reading of the ordi-
nary thermometer.

5.1.2.2 Thermometers for measuring other than acid mixture temperature A ther-
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mometer with minimum graduation of 0.1 °C that has been calibrated.

The temperature other than that of acid mixture shall be measured to the nearest

5.1.3 Funnel, through which the sample is introduced into the acid mixture, and is
sealed during the test.

ed into the vacuum jar is coated with hydrofluoric-acid-resistant material (e.g. poly-
ethylene, bees wax and fluororesin). The material of the stirring rod may be plastics or
resin resistant to acid mixture.

latter device, the motor shall have a low power rating so as to prevent any excessive
heat emission from affecting measurements.

The stirring device shall have a mechanism capable of rotating the stirring rod at a
speed of (450  50) revolutions per minute and keeping this speed constant during the
test.

5.1.5 Thermostatic bath for calorimeter Air bath or water bath, for storing the vac-
uum jar contained in the inner cylinder at a temperature of 20 °C £ 1 °C.

In the case of an air bath storing an inner cylinder (see Figure 2), the whole calorim-
eter may be placed in a thermostatic bath or constant temperature room maintained at
20°C+1°C.

In the case of a water bath, an agitator for making the water temperature homoge-
neous shall be provided.

5.2 Thermostatic water bath for curing A water bath capable of curing the cement
paste at a temperature of 20.0 °C £ 0.5 °C.
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6 Measurement of thermal capacity of calorimeter

6.1 Preparation

In the case of using a vacuum jar with an internal volume other than that specified

in 5.1.1.1, the preparation may be performed by measuring a quantity of acid mixture

. such that the liquid level is approximately 2 cm below the stopper and weighing a

quantity of sample such that the mass of the acid mixture and the sample is in the re-
lation as specified in 6.2, 7.1 and 7.2.2.

6.2 Measurement of thermal capacity

Heat the zinc oxide, the whole volume of which has been passed through a test sieve

it to cool in the silica gel desiccator to the laboratory temperature and weigh out 7.0 g
of this zinc oxide correctly to the nearest 0.000 1 g.

Measure the temperature of the acid mixture in the vacuum jar and take it as 7.
Immediately after weighing, put gently the zinc oxide through the funnel of the calo-

Documents
PROTECTED BY COPYRIGHT

Full document details: JIS R 5203-2015


http://www.avadocuments.com/doc/jis-r-5203-2015
http://www.avadocuments.com/doc/jis-r-5203-2015

10
R 5203 : 2015

In the case of using a vacuum jar with an internal volume other than that specified
in 5.1.1.1, the amount of zinc oxide weighed out shall be such that the following is
true : (mass of acid mixture/amount of zinc oxide weighed out) = 60 + 1.

The thermal capacity of the calorimeter should be checked at regular intervals. In
the events as described in the following, checking of the thermal capacity of the calo-
rimeter is mandatory.

« The thermometer for measuring the acid mixture temperature has been renewed
or calibrated.

+ Either the vacuum jar, inner cylinder or the acid mixture stirring device compris-
ing the calorimeter has been renewed.

6.2.1 In the case of portland cement and portland blast-furnace slag cement

ginning introduction of zinc oxide into the calorimeter, and take the measured temper-
atures as f.0, L0, respectively.

Calculate the thermal capacity, ci, of the calorimeter from Equation (3).

where, ¢,: thermal capacity of calorimeter (J/K)
w: mass of zinc oxide (g)

t,: laboratory temperature during introduction of zinc oxide into
the calorimeter (°C)

t,o ¢ temperature of acid mixture immediately before introduction
of zinc oxide into the calorimeter (°C)

too: temperature of acid mixture 20 min after beginning introduc-
tion of zinc oxide into the calorimeter (°C)

fao: temperature of acid mixture 40 min after beginning introduc-
tion of zinc oxide into the calorimeter (°C)

NOTE : When using a Beckmann thermometer, the temperature measurement
may be made five times at intervals of 1 min over the period 2 min before
to 2 min after the prescribed time and the mean of the five measure-
ments may be calculated.
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6.2.2 In the case of portland fly-ash cement

Measure the temperature of the acid mixture exactly 80 min and 120 min after be-
ginning the introduction of zinc oxide into the calorimeter, and take the measured
temperatures as f.g, f.120, respectively.

Making use of these results, calculate the thermal capacity, c,;, of the calorimeter
from Equation (4).

Ensuring that the two measurement results are within the specified tolerance, round
the mean of the two results to an integer and use it to calculate heat of hydration.

Tolerance checking of the difference between the two measurements shall be per-
formed after rounding each measurement result to an integer.

The tolerance shall be 5 J/K.
_ w[1072.0+0.4(30 —£,40) +0.5(t, —1.,49)]

o, =t T AT CeB0/ T e TeB0J) (4)
2 (80 —1e0) = 2(te120 —lexo)
where, ¢, © thermal capacity of calorimeter (J/K)
w ! mass of zinc oxide (g)
t, * laboratory temperature during introduction of zinc oxide into

the calorimeter (°C)

to - temperature of acid mixture immediately before introduction
of zinc oxide into the calorimeter (°C)

3o+ temperature of acid mixture 80 min after beginning introduc-
tion of zinc oxide into the calorimeter (°C)

taz0 ° temperature of acid mixture 120 min after beginning introduc-
tion of zinc oxide into the calorimeter (°C)

6.3 Measurement of thermal leakage coefficient of calorimeter

In the cases where the vacuum jar or thermometer has been renewed, measure, as
required, the temperature of the acid mixture additionally 10 min before introducing
zinc oxide into the calorimeter at the time of measurement of the thermal capacity of
the calorimeter, and determine the thermal leakage coefficient, K, from Equation (5) to
verify that the calorimeter has an adequate performance.

2t =t 10)— g —1o00)
K= 0 “¢-10 e VI3 PPN (5)
o Yo o)
where, K: thermal leakage coefficient ( K/20 min « K1)

t,,_loﬁ . temperature of acid mixture 10 min before introduction of zinc
oxide into the calorimeter (°C)

to - temperature of acid mixture immediately before introduction
of zinc oxide into the calorimeter (°C)

tz0° temperature of acid mixture 20 min after beginning introduc-

to+ temperature of acid mixture 40 min after beginning introduc-
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tion of zinc oxide into the calorimeter (°C)

7 Measurement of heat of solution
7.1 Measurement of heat of solution of anhydrous cement
Weigh out 3.0 g of anhydrous cement correctly to the nearest 0.000 1 g.

Prepare a calorimeter of which the thermal capacity has been determined in clause 6
according to 6.1, measure the temperature of the acid mixture in the vacuum jar, and
take this temperature as #,. Carefully introduce the anhydrous cement, which has

In the case of using a vacuum jar with an internal volume other than that specified
in 5.1.1.1, the amount of anhydrous cement weighed out shall be such that the follow-

7.1.1 In the case of portland cement and portland blast-furnace slag cement

Measure the temperature of the acid mixture exactly 20 min and 40 min after begin-

ning introduction of anhydrous cement into the calorimeter, and take the measured
temperatures as t,,0, fua0, respectively.

Calculate the heat of solution of anhydrous cement, 4,;, from Equation (6).

Tolerance checking of the difference between the two measurements shall be per-
formed after rounding each measurement result to an integer.

The tolerance shall be 5 J/g.

too—t0) g — 1 .
hul — [( 120 110) p[(/l:‘o 1120)] G —0. 8(2‘" '"tuzo) ................................... (6)
where, hu:  heat of solution of anhydrous cement (J/g)

t,: laboratory temperature during introduction of anhydrous ce-
ment into the calorimeter (°C)

to * temperature of acid mixture immediately before introduction
of anhydrous cement into the calorimeter (°C)

tpao: temperature of acid mixture 20 min after beginning introduc-
tion of anhydrous cement into the calorimeter (°C)

tuo: temperature of acid mixture 40 min after beginning introduc-
tion of anhydrous cement into the calorimeter (°C)

¢;: thermal capacity of calorimeter (J/K)

W, ' mass of anhydrous cement converted to the mass in the state
after ignited at 950 °C % 25 °C for 90 min (g)
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