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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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Introduction

The thermal properties of textile materials contribute to a wearer’s physiological comfort, product’s
durability, etc. Hence, there are many kinds of products with specific thermal performances and various
test methods that have been developed and standardized. However, these tests should be conducted in
a certain humidity. The method for thermal properties in elevated or reduced humidity has not been
standardized.

All materials generate heat when absorbing moisture and absorb heat when releasing moisture. The
of absorption varies according to the material, for example, the heat of absorption in wool fibre is
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special working wear, and healthcare wear. Therefore, the test for the hygroscopiciand
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INTERNATIONAL STANDARD

ISO 16533:2014(E)

Textiles — Measurement of exothermic and endothermic
properties of textiles under humidity change

1 Scope

This International Standard specifies a method for the measurement of exothermic and endothermic
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othing, bedding, upholstery, and similar textile products.

ormative references

following documents, in whole or in part, are normatively referenced\in’ this docunj
pensable for its application. For dated references, only the editign)cited applies. I
ences, the latest edition of the referenced document (including any-amendments) appl

696:1987, Water for analytical laboratory use — Specification-and test methods

Terms and definitions

he purposes of this document, the following terms@nd definitions apply.

hermic property
erty of material whereby it releases heat.to'the surroundings

thermic property
erty of material whereby it absorbs heat from the surroundings

oscopic and exothermicproperty

| nonwovens

ent and are
For undated
es.

erty of material wheteby it generates heat by absorbing moisture and releases the gemerated heat

surroundings where relative humidity changes from low to high over time

oemissive:and endothermic property
erty of material whereby it loses heat and cools down by releasing moisture through
surroundings where relative humidity changes from high to low over time

evaporation
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4 Symbols and units

Ta is the ambient temperature in a temperature and humidity controlled chamber, in degrees Celsius.
RHp  is the ambient relative humidity in a temperature and humidity controlled chamber, in per cent.
RH1 is the relative humidity in the first constant humidity container, starting humidity, in per cent.

RH» is the relative humidity in the second constant humidity container, target humidity, in per cent.
Tpeak is the peak temperature, determined using a temperature sensor with or without the test specimen

mounted on the sensor probe in the second constant humidity container during the hygroscopic and
exothermic property test, in degrees Celsius.

Thottom is th¢ bottom temperature, determined using a temperature sensor with or without the test.$pecinen
mouhted on the sensor probe in the second constant humidity container during the hygrpemissive fand
endothermic property test, in degrees Celsius.

ATexo  is th¢ difference in the peak temperature, determined between a state with and anether without th
test §pecimen mounted on the sensor probe during the hygroscopic and exothermic property test,
degrges Celsius.

=R

ATendo is th¢ difference in the bottom temperature, determined between a state With and another without|the
test §pecimen mounted on the sensor probe during the hygroemissive.and endothermic property t¢st,
in dejgrees Celsius.

5 Principle

Atestspecimenis placed in alow humidity atmosphereafid then exposed to a high humidity atmosphere,
and then the other way round. The temperature of the test specimen is measured over time with a
temperatur¢ sensor. The exothermic and endotherinic properties of the test specimen are deternjined
from the difference in temperature measured with the temperature sensor, between a test with and
another without the test specimen mountedsomnrthe sensor probe.

6 Apparptus

6.1 Testing apparatus, composed of a temperature and humidity controlled chamber and $mall
containers ih which the humidity is controlled by chemicals and the test specimens are set through the
rubber plugs as shown in Figufte 1.

2 © ISO 2014 - All rights reserved
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Key

1 temperature and humidityrcontrolled chamber with inner door
2 donstant humidity container (first)

3 donstant humidity confainer (second)

4 RHumidity controlmaterial

5 temperatureseqisor

6  RQumidity sensor

7  data cellecting unit

8 4rm hele in inner door

Figure 1 — Configuration of the testing apparatus

6.2 Temperature and humidity-controlled chamber, with a capacity of more than 200 | with inner
door and arm holes as shown in Figure 1. The tolerance of the temperature and humidity shall not
exceed £0,5 °C and £3 % RH, respectively.

6.3 Constant humidity containers, 2 1 conical flasks with branch. Humidity sensor is inserted in the
branch.

© ISO 2014 - All rights reserved 3
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6.4 Plugs for constant humidity containers, made of silicone rubber for making a flask airtight.
Temperature sensor is inserted in centre of the plug and the sensor probe protrudes 100 mm from the
bottom of silicone rubber plug as shown in Figure 2a.

Dimensions in millimetres

1 1

L

100

2 ¥

Key
1 silicone yubber plug

2 temperafure sensor probe
3  testspedimen

Figure 2 — Silicone rubber plug

6.5 Temperature sensor, disk type with (5 = 1) mm in diameter and (2,5 * 0,5) mm in thickness
6.6 Humidity sensor, for monjtering the humidity in constant humidity containers.

6.7 (Clip, Wwith (34 + 3) mnd-in length and (8 + 1) mm in outside width, nickel-plated wire.

6.8 Oven,|for drying specimen at (105 + 3) °C.

6.9 Dessitator)

7 Reagent
7.1 Sulfuric acid, reagent grade sulfuric acid.

7.2 Water, obtained by single distillation, or by ion exchange, or by reverse osmosis, as specified in
[SO 3696, grade 3 water.

8 Preparation of the humidity control material

1 000 g * 10 g of sulfuric acid solution can be prepared according to Table 1.

4 © ISO 2014 - All rights reserved
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Table 1 — Relative humidity values for sulfuric acid/water solutions at a temperature of 34 °C

Relative humidity Sulfuric acid
% mass %
10 65
40 48
90 20
NOTE The values shown in this table are stated with an uncertainty * 3 % RH. If necessary, concentration of

sulfuric acid can be controlled.

9 Test procedure
9.1 | Preparation of test specimen

9.1.1 Specimen dimension

Cut the sample into three test specimens of (50 + 1) mm x (50 + 1) mm.

9.1.7 Conditioning

Dry the specimens at 105 °C for 2 h or more by using the oven (6.8), then condition them inja desiccator
untillimmediately before testing.

9.2 | Preparation of apparatus

9.2.1 Set the condition of the temperaturecand humidity-controlled chamber (6.2) at 34 {C and 90 %
RH.

9.2.2 Place the constant humidity‘containers (6.3) with the prepared sulfuric acid solution in the
temperature and humidity-controlled chamber (6.2) for 2 h.

9.2.3 Read the humidity of-éach container when it reaches the constant value. Then, chleck that the
humldity reaches the required values. If humidity reaches the constant value but falls outsifle +3 % RH,
adjugt concentration of'sulfuric acid or change the sulfuric acid solution for a new one and repeat the step.

NOTE1  Humidityin the first and second container can be set according to the test purpose by cqnsent among
the cpncerned patties. In case of testing at a humidity of 40 % RH, replace the 10 % RH container by a 40 % RH
contdiner.

NOTE 2 £ _Instead of 34 °C, another chamber temperature can be applied by consent among tTe concerned
partigs.

9.3 Test specimen mounting

9.3.1 The test specimen is mounted on the probe at the tip of the temperature sensor stuck through a
silicon rubber plug in the manner shown in Figure 2b.

NOTE A pair of gloves can ensure avoiding the humidity change from handling the test specimen.

9.3.2 Fold a specimen in half and place the temperature sensor probe on the centre of upper half area
to be tested.

9.3.3 Fold one more time in order to wrap the temperature sensor probe.

© IS0 2014 - All rights reserved 5
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9.3.4 Hold the test specimen with a clip.

Dimensions in millimetres

50

e

9.3.5 Afte
9.4 Meas
9.4.1 Hyg

94.1.1 In
of a low hun
down until i

NOTE 4

9.4.1.2 St
it to the mo
90 % RH; th

Figure 3 — Mounting of test'specimen

I mounting the specimen, insert the plug into the mouth of a first container immediatelj
urement of exothermic and endothermic properties
roscopic and exothermic property test

sert a silicone rubber plug mounted with the test specimen and sensor (6.5) into the nj

f is secure. Then, allew the container to stand for a minimum of 3 h.

% RH and anyother humidity can be applied by consent among the concerned parties.

irt recording the sensor temperature. Then, remove the plug with test specimen and tra
1th of’a“high humidity container (a second container) with an internal relative humid
e, push it down again until it is secure.

outh

nidity container (a first/container) with an internal relative humidity of 10 % RH and pussh it

nsfer
ty of

9.4.1.3 Re

cord the sensor temperature for 30 min or more.

9.4.1.4 Read the peak temperature, Tpeak from the recorded temperature data as shown in Figure 4.

9.4.1.5 Read the blank peak temperature using the silicon rubber plug and the temperature sensor
without the test specimen in the same manner as for determining the peak temperature of the test

specimen.

9.4.1.6 Calculate ATexo from Formula (1):

ATexo = Tpeak Of test specimen - Tpeak of blank state

€y

© ISO 2014 - All rights reserved
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45

43

39 r

37

35

33 ] 1 1 1 1

Key
1 Tpeak
X  time, min
Y

ffemperature, °C

Figure 4.~ Hygroscopic and exothermic property test data

9.4.7 Hygroemissive.and endothermic property test

9.4.2.1 Insertasilicone rubber plug mounted with the test specimen and sensor (6.4) into the mouth
of a Bigh humidity container (a first container) with an internal relative humidity of 90 % RH and push it
down until itis secure and allow the container to stand for a minimum of 3 h.

9.4.2.27 Start recording the sensor temperature. Then remove the plug with the test specimen and
transfer it to the mouth of alow humidity container (a second container) with an internal relative humidity
of 10 % RH, then push it down again until it is secure.

NOTE 40 % RH and any other humidity can be applied by consent among the concerned parties.
9.4.2.3 Record the sensor temperature for 30 min or more.
9.4.2.4 Readthebottom temperature, Thottom, from the recorded temperature data as shown in Figure 5.

9.4.2.5 Read the blank bottom temperature using the silicon rubber plug and the temperature sensor
without the test specimen in the same manner as for determining the bottom temperature of the test
specimen.

© ISO 2014 - All rights reserved 7
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9.4.2.6 Calculate ATendo from Formula (2):

ATendo = Thottom Of test specimen - Thottom Of blank state

(2)

35

33 N ‘ /

3y

2P

20

26

23 | | | | |

0 5 10 15 20 25 30
Key
1 Thottom
X  time, mifp
Y temperature, °C
Figure5S— Hygroemissive and endothermic property test data

10 Test erort

The test report shall include the following information:

a) areference to this International Standard;

b) complete description of the sample tested, i.e. sample name, fibre content, and mass per unit area;
c) deviations from this International Standard;

d) test condition;

e) testresult.

8 © ISO 2014 - All rights reserved
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Example of hygroscopic and exothermic property test

A.1 Sample description

Sample name Sample A
Fibre content 100 % wool
Mass per unit area 208 g/m2
A.2 | Test condition
Ta 34 °C
Chamber
RHa 90 % RH
RH¢ 10 % RH
Container
RH; 90 % RH
A.3 | Test result
Temperature difference, ATexo 78
85 '
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Annex B

(informative)

Example of hygroemissive and endothermic property test

B.1 Sample description

B.2 Test

B.3 Test

10

Sample name Sample B
Fibre content 100 % cotton
Mass per unit area 192 g/m?2
condition
Ta 34°C
Chamber
RHa 10 % RH
) RH1 90 % RH
Container
RH> 10 % RH
result
Temperature difference, ATgrndo 52
(°C) '
© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=b2161bf9d4d20baa909605d2a138ca71

	Section sec_1
	Section sec_2
	Section sec_3
	Section sec_3.1
	Section sec_3.2
	Section sec_3.3
	Section sec_3.4
	Section sec_4
	Section sec_5
	Section sec_6
	Section sec_6.1
	Table tab_b
	Figure fig_1
	Section sec_6.2
	Section sec_6.3
	Section sec_6.4
	Table tab_c
	Figure fig_2
	Section sec_6.5
	Section sec_6.6
	Section sec_6.7
	Section sec_6.8
	Section sec_6.9
	Section sec_7
	Section sec_7.1
	Section sec_7.2
	Section sec_8
	Table tab_1
	Section sec_9
	Section sec_9.1
	Section sec_9.1.1
	Section sec_9.1.2
	Section sec_9.2
	Section sec_9.2.1
	Section sec_9.2.2
	Section sec_9.2.3
	Section sec_9.3
	Section sec_9.3.1
	Section sec_9.3.2
	Section sec_9.3.3
	Section sec_9.3.4
	Figure fig_3
	Section sec_9.3.5
	Section sec_9.4
	Section sec_9.4.1
	Section sec_9.4.1.1
	Section sec_9.4.1.2
	Section sec_9.4.1.3
	Section sec_9.4.1.4
	Section sec_9.4.1.5
	Section sec_9.4.1.6
	Table tab_d
	Figure fig_4
	Section sec_9.4.2
	Section sec_9.4.2.1
	Section sec_9.4.2.2
	Section sec_9.4.2.3
	Section sec_9.4.2.4
	Section sec_9.4.2.5
	Section sec_9.4.2.6
	Table tab_e
	Figure fig_5
	Section sec_10
	Annex sec_A
	Annex sec_A.1
	Annex sec_A.2
	Annex sec_A.3
	Annex sec_B
	Annex sec_B.1
	Annex sec_B.2
	Annex sec_B.3
	Annex sec_C
	Annex sec_C.1
	Table tab_l
	Figure fig_C.1
	Annex sec_C.2
	Table tab_m
	Figure fig_C.2
	Reference ref_1
	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	Symbols and units
	5	Principle
	6	Apparatus
	7	Reagent
	8	Preparation of the humidity control material
	9	Test procedure
	9.1	Preparation of test specimen
	9.2	Preparation of apparatus
	9.3	Test specimen mounting
	9.4	Measurement of exothermic and endothermic properties
	10	Test report
	Annex A
(informative)

Example of hygroscopic and exothermic property test
	Annex B
(informative)

Example of hygroemissive and endothermic property test
	Annex C
(informative)

Example of practical humidity measurement
	Bibliography

