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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

Mechanical properties of fibre reinforced thermoset or thermoplastics with saturated moisture
content under used conditions need to be determined for the specification of these materials. However,
the moisture content of the fibre reinforced thermoset or thermoplastic materials immediately after
production are usually lower than that during use, because the production process is under a higher
temperature and uses dried ingredients for optimum quality control. The fibre reinforced materials
absorb moisture under the used conditions and reach a saturated moisture content after a long period,
for example after 6 months. Accordingly, the accelerated moisture absorption method (70 °C, 75 %
RH) is specified in ASTM D5229/D5229M for determining the properties at saturation. However, the
absofption time 15 still fong (Over three months) using this metnod.

This|document specifies a method for obtaining practical saturated moisture absorption for effective
and ghorter research and development process of thermoset and thermoplastic materials. [The method
uses|a sealed pressure vessel at a higher temperature with saturated water vapeut condition (120 °C,
0,2 MPa of water vapour pressure).

© IS0 2020 - All rights reserved v
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INTERNATIONAL STANDARD
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Fibre-reinforced composites — Method for accelerated
moisture absorption and supersaturated conditioning by
moisture using sealed pressure vessel

1 Scope

This|document specifies accelerated moisture absorption properties and supersaturated
by njoisture for fibre-reinforced plastics) using sealed pressure vessel at higher tempg
100 9C with saturated water vapour at used heating temperature.

The jpurpose of this moisture absorbing procedure is to screen test specimens with 1
mechanical or thermal properties.

This| document applies to carbon-fibre materials and their products’/with either th

thermoplastic matrices, with a T, greater than 150 °C. This document can also apply 1

reinf]
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ISO 4
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orced with other fibres (e.g. g%ass-fibres) with a T, greater than(150 °C.

Normative references

following documents are referred to in the text in, such a way that some or all of t
fitutes requirements of this document. For datéd references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

72, Plastics — Vocabulary

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 472 and the folloy

nd IEC maintain terminolegical databases for use in standardization at the following 2

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia;-available at http://www.electropedia.org/

tional ntoisture content

massg

percentage of additionally absorbing moisture in the test material to total mass of

ronditioning
rature than

moisture by

ermoset or
o materials

heir content
applies. For
hts) applies.

ving apply.

ddresses:

the material

and Ilnoisture already existing in this material

Note

3.2

1 to entry: See Formula (1).

initial moisture content
mass percentage of absorbed moisture in the test material at the initial time

Note

3.3

1 to entry: See Formula (3).

supersaturated conditioning by moisture
moisture absorbing conditions in the test material at room temperature cooled from the saturated
moisture absorbing condition at higher temperature and higher humidity, such as saturated water
vapour pressure at used higher temperature
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accelerated moisture absorption
moisture absorption by process with specific conditions such as higher temperature (e.g. 120 °C) and
higher pressure of moisture (0,2 MPa) to obtain saturated moisture content (3.5) during shorter time

3.5

saturated moisture content
moisture content from absorption condition with supersaturated moisture at lower temperature (e.g.
room temperature) from higher temperature (e.g. 120 °C) where specimen has saturated moisture content

4 Principle

To obtain a
shorter timg
such as 120

Higher temj
vapour preg

from outside. Therefore, equilibrium and saturated moisture condition to theymaterials is obtg

during shor
this materig
and slow rel

In this way,
is importanf
should be m|

In addition,
moisture cd
materials pi

5 Appar

5.1 Oven,
pressure ga

To control t

If the condit]
be used inst

5.2 Seale
and purge li

Ige and purge lines positionied outside the oven with controlling temperature system, (+

most similar saturated moisture condition in a test material at room temperatur]
, the test material absorbs moisture at higher temperature and higher humidity|eondji
°C and 0,2 MPa of saturated water vapour pressure without air (oxygen) gas:

perature causes higher diffusion rate of water molecules in materials and higher v
sure causes higher frequencies of water molecules uptake at the surface of the mat

Ler time. However, if this material with saturated moisture is céoled to room temperdg
| absorbs supersaturated moisture because of slow diffusionyrate inside of water mole
easing rate of water molecules at the surface.

supersaturated moisture condition for thermoset and thermoplastic matrices is obtain|
that this procedure does not cause degradation of the‘test material. Mechanical prope
onitored to be stable during repeating these absorbing and desorbing (drying) proces;

ntent at room temperature. The purposevof this test method is to screen the op
imarily during the research and development processes.

atus
capable of heating to 200~°C for test specimens or sealed pressure vessels connect

e temperature unifermly inside oven, air circulation heating system should be used.

ions at 120 °Cand 0,2 MPa of saturated water vapour pressure is used, a sterilizer (5.5
ead of oven arnd sealed pressure vessels.

1 pressure vessel, capable of pressurization to 2,0 MPa) and connected to pressure g
he & indicated in Figure 1.

e for

kions

vater
erial
lined
ture,
rules

ed. [t
rties
es.

this condition is simulated condition for real’ condition to obtain saturated equilibrium

fimal

bd to

1 °C).

) can

auge

The size of

eSSels s dependernt o the SiZe anmd TaImbers of SPeCITens to be tested. For tospect

sized 10,0 mm x 100,0 mm x 2,0 mm, a 300 ml stainless steel vessel (autoclave) is needed.

ens

A supporting frame should be used to hold the specimens fully immersed, while avoiding specimen
surfaces contacting each other and minimising contact with the frame.
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Key

X  ¢ven

1 valve A

2 donnector

3  Water

4  dealed pressure vessel
5 valve

Fighire 1 — Supersaturated moisture condition obtaining system for CFRP or CFRTP materials

5.3 | Pressure gauge (e;g. 0 to 1,0 MPa), to indicate the pressure in the vessel with resolution of
0,05 MPa.

5.4 | Relief valve or bursting disc, operating at 3,5 MPa and installed in the line or presspire gauge to
prevent higher pressures.

5.5 | Sterilizer, capable of heating at 105 °C to 135 °C with saturated water vapour pressurg.

An air releasing system shall be installed at 100 °C during heating from room temperature to 120 °C.

NOTE Sterilizer is referred to as an “autoclave” in the biological and medical industrial fields. This autoclave
is a different apparatus with a stainless-steel sealed pressure vessel (5.2) in the chemical industrial field

5.6 Vacuum oven, capable of heating to 200 °C under reduced pressure with temperature controlling
tox1°C.

5.7 Balance, capable of weighing the specimen with a resolution of at least 0,1 mg.

© IS0 2020 - All rights reserved 3
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6 Test procedure

6.1 Weighing test specimens

Weigh the individual specimen using a balance (5.7). The specimen should be conditioned before
weighing at 23 °C and 50 % RH for 1 day unless specified or agreed elsewhere. The specimen shall not
be dried before moisture absorbing to avoid any degradation.

6.2 Obtaining supersaturated moisture absorption

nracora—acaal icing ot o ola a caaaaa ot oo o

that

Place the sy
specimen sy
the water.

Pour deionij
Seal and pla

Set the over]
at Valve B fd
water vapou

Continue he

6.3 Samp

If only one v
Remove the

If one of sev
vessel out f7
from this ve

A sterilizer
methods. In

6.4 Confi

Weigh the a
period such

Calculate ad
shall be use

rming the saturated moisture absorbing

rfaces do not come into contact with each other or the container, and are fully immérs

red water (10 ml to 20 ml in the case of 300 mL vessel) into the vessel.

Cce the pressure vessel inside the oven as indicated in Figure 1. Open Valves A and B.

r a short time (for example, 1 min to 2 min) to release inside aix, Then close valve B. |
r pressure is confirmed by a pressure gauge at determined temperature.

pting for a determined period, such as 72 h.

ling of test materials with supersaturated moisture content

specimens from the vessel.

eral vessels is removed from the oven, closé valve A and disconnect the connector. Tak]
om the oven and cool it down to room'temperature. Open valve A. Remove the speci
ssel.

[autoclave (5.5)] should be used instead of a sealed pressure vessel and oven for {
this case, the procedure shall'be followed by the operation manual of a sterilizer.

bsorbed specimens. Then repeat the procedures given in 6.2 (for an additional detern|
as 24 h) and 6{3)Weigh the repeated absorbed specimens.

ditional mgisture content, W, as indicated in Formula (1) (see Annex A). The mean Y
1 for atleast duplicated test specimens.

n i

ed in

temperature over 100 °C such as 120 °C. At around 100 °C, release-steam (water vapour)

nside

essel exists inside the oven, stop the heating and‘cool and vessel down to room tempergture.

e the
mens

hese

lined

ralue

x100

AL

M

where

|74

ad

M

n

M.

A

VI.
111

the mass (g) of the test specimen at the initial time of this absorbing process.

is the additional moisture content (%) of the test specimen under the saturated condition;

is the mass (g) of the test specimen under the saturated condition by confirming Formula (2);
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Confirm saturated moisture content for the above conditions as indicated in Formula (2).

W, -W, | <005%

n

where

W, isthe additional moisture content (%) of the test specimen at the [n]-th number’s measur-

Plot {
a ma
then

Weig
pres
Forn

whet

6.5

To c(

M
74 —_n "dyq00
M

(2)

W, .1 is the additional moisture content (%) of the test specimen at the [n+1]-th number’s measur-

ing point;

ing point
=8

noisture content.

h at least three absorbed specimens. These specimens are dried above 100 °C un
sure. Constant dried weights shall be obtained. Moisture contents are \calculated as
ula (3). The mean value shall be used for at least duplicated test specimens.

V. is the moisture content (%) of the test specintén under the saturated condition;

, Isthe mass (g) of the test specimen under the saturated condition by confirmingj

Formula (2);

I;  is the mass (g) of the test specimen after the drying process (e.g. 100 °C, under r
pressure for 3 days).

Measuring mechanical or thermal properties

bample mass vs. time to confirm that saturated conditions have been reached (i.e,the nLass reaches
ximum value that does not increase with further conditioning time - See Figune-A.1]. Determine

Her reduced
indicated in

(3)

bduced

nfirm no degradation, @dditional curing or crystallization of test specimens, the me¢hanical and

thermal properties shall(be‘measured for specimens dried by reduced pressure to obtgin constant

weig
spec

Requ
mea

7 1

fied in this document.

ired mechanical or thermal properties of specimens with supersaturated moisture c
ured generally at room temperature or controlling temperature.

Precision

ht before (giving‘the initial moisture content) and after the moisture absorbing procedure

bndition are

The precision of this test method is not known because interlaboratory data are not available at the

time
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8 Testreports

The test report shall include at least the following information:

a)
b)
‘)
d)
e)
f)

g)
h)

arefere

nce to this document, i.e. ISO 22836:2020;

all information necessary for complete identification of the test specimens;

absorbing conditions such as heating temperature, water vapour pressure and heating time;

drying
masses

additiof
process

storage

date of

fonditions such as heating temperature, pressure and drying time;
of test specimens at initial, saturated and dried for absorbing procedure;

1al moisture content and moisture content of test specimens after mdisture absorbing

period from this moisture absorbing to any properties measurement;

pplication of this absorption procedure.
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Examples of CFRP and CFRTP specimens with supersaturated

moisture condition

A1l

CFRP specimens, composed of epoxy resin and 8 layers of unidirectional 2-pum-diameter CH

+45,
unde
15 m

A.2
sup

Figu}
auto
conti
avoi(
the 1
indid

CFRP specimens

90, -45, 0, 0, —45, 90 and +45° (fibre content of 72 mass % and thickness: 1;5(nm) we
r 180 °C, 0,7 MPa over 2 h. CFRP specimens for bending strength méasurement
m x 100 mm size.

Moisture content and bending strength of CFRP specimens with
prsaturated moisture condition

‘e A.1 shows that the moisture content of the specinfens depends on the heating
flave at 105 °C and 120 °C with saturated moisture condition. Specimens were taken
nuous heating times with different specimens used for wet mass measurements

¥ oriented at
re prepared
were cut to

time in the
at different
in order to
firmed that

| the heat cycles between high and room temperature at mass measuring. It was coj
noisture saturation (0,80 % and 1,14 %) was reached after 14 d and 60 h at 105 °C apd 120 °C as
ated in Table A.1.
Y Y

1,5 L5

1 —

0,5 —

0 I I

0 5 10 15 X1

Key

X1 heating time (day)

X2 heating time (hour)

Y additional moisture content (%)

Figure A.1 — Additional moisture contents CFRP test specimens at 105 °C and 120 °C

As shown in Figure A.2, the moisture content of the saturated and dry specimens after the first cycle
were only slightly lower — by 0,1 % — than those after the second and third cycles. This confirmed
that moisture absorption by CFRP did not change during the three cycles of saturation and drying.
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! !
-1 | I %O
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X number pf cycles QO
Y moisturd content (%) \\
QO
Figure A.2 |— Moisture content of dry CFRP specimens %g repetitive moisture absorption at
120 °C for 72 h and drying at 100 °C for 7§\h under a reduced pressure
N
Y xO
&
1500 : @)
1 0023 p
?§ 500 [—
<
0 I I I
0 1 2 3 X
Key
X number of cycle(s)

Y bending strength (MPa)

Figure A.3 — Bending strength of CFRP specimens during repetitive moisture absorption at

120 °C and drying
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