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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The constituent contents such as fibre content, resin content as well as void content are parameters
characterize physical/structural properties of carbon-fibre-reinforced composites. Such properties are
proven to have influence on mechanical performances of carbon-fibre-reinforced composites; thus, the
constituent contents are always required as important index for processing quality control.

Microscopic method calculates the fibre volume content/areal void content from measured fibre area/void
area and the area of cross-section of a specimen. The principle of this method differs from method A or B,
so that method C might be available when some of the types of resin were so hard to remove or in the case
of lacking information of the prepregs. Meanwhile, thanks to the development of electronic and information
technology, equipment integrated with image analysis functions is commercially available. The microscopic
method haf multiple advantages of being efficient, safe, commercial and environment friendly.

© IS0 2024 - All rights reserved
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Carbon-fibre-reinforced composites — Determination of the

resin,

fibre and void contents

1 Scope

This document specifies methods for calculating the resin, fibre and void contents of a carbon-fibre-

reinforced
the compo
method B)
analysis (u

Method A
composite
in a mixtu
considerin
resin conc
complete d

Method B
known fiby

Method C (
orthogona
void conte
fabric rein

2 Norm

The follow
requireme
the latest e

ISO 291, PI
ISO 472, PI

1SO 1183-1
liquid pycn

[SO 1183-2

COMPOUSite fronT the densities of the Tesin, the fibreamnd the composite and the sy
5ite (using method A), for calculating the fibre content from the thickness of the comp

and for calculating the fibre content by volume and areal void content threugh n
sing method C).

pecifies three different resin removal procedures for the determination of the mass of
(viz a combustion procedure, a procedure by digestion in nitric acid and\a procedure b
e of sulfuric acid and hydrogen peroxide). The selection of the proéedure to be used
b the combustibility of the resin used in the composite, its ability. té decompose and

erned. Method A is only of limited applicability when filled resins are present that c
issolution and/or combustibility of the resin.

(thickness measurement method) is only applicable to«composites moulded from f
e mass per unit area.

and multidirectional laminates. It can also be used as reference for determination ¢
1t and fibre volume content of aramid- or glass-fibre-reinforced plastics, but is not af
forced composites.

ative references

ng documents are referred te in the text in such a way that some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenceddocument (including any amendments) applies.

1stics — Standard atmespheres for conditioning and testing
stics — Vocabulary

Plastics —Methods for determining the density of non-cellular plastics — Part 1: Immers
bmeter ntethod and titration method

, Plastics — Methods for determining the density of non-cellular plastics — Part 2: Densi

column me

of fibre in
site (using
hicroscopic

fibre in the

[y digestion

is made by
the type of
An prevent

repregs of

microscopic method) is only applicable to carbon<fibte-reinforced composites with unidirectional,

f the areal
plicable to

ronstitutes
references,

on method,

ty gradient

thod

[SO 1183-3, Plastics — Methods for determining the density of non-cellular plastics — Part 3: Gas pyknometer method

[SO 6353-2

, Reagents for chemical analysis — Part 2: Specifications — First series

ISO 9344, Microscopes — Graticules for eyepieces

[SO 10119,
ISO 10934,

Carbon fibre — Determination of density

Microscopes — Vocabulary for light microscopy
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s and definitions

For the purposes of this document, the terms and definitions given in ISO 472, 1SO 10934 and the following apply.

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

ISO On

3.1

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

[EC Electropedia: available at https://www.electropedia.org/

fibre content by mass

ratio of the

mass of fibre in a composite to the total mass of the composite

Note 1 to en

3.2
fibre cont
ratio of thd

Note 1 to en

3.3
void conte
ratio of thd

Note 1 to en

3.4

areal void
ratio of th
taken from

Note 1 to en

4 Tests

4.1 Thel

and be no nearer than 10 mm to andyedge.

4.2 Dela
specimens

4.3 Atle

5 Cond

try: It is expressed as a percentage.

bnt by volume
volume of fibre in a composite to the total volume of the composite

try: It is expressed as a percentage.

nt
volume of the voids (hollow spaces) in a composite to the tofal volume of the composi

try: It is expressed as a percentage.

content
e total area of the voids (hollow spaces) on the-whole observed cross-section of th¢
the composite sample

try: It is expressed as a percentage.

pecimens — General requirements

ocations from which the test'specimens are taken shall be distributed randomly over

mination and cracking shall be prevented during the machining process. The edges
shall be ground.square and smoothed with abrasive paper (6.2.3).

jtioning

(€

P Specimen

the sample

of the test

st threetest specimens shall be taken unless otherwise specified by the party requesting the test.

This conditioning shall be carried out in one of the standard atmospheres specified in ISO 291.

© IS0 2024 - All rights reserved
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6 Method A: Resin removal method

6.1 Principle

6.1.1 Procedure A1l: Combustion procedure

The mass of a test specimen is determined before and after combustion of the resin in the upper
reducing (non-oxygen) flame of a Bunsen burner.

NOTE
fibres, in inert gases. The procedure consists of heating a specimen of composite material with the reduc
a Bunsen burner s
decompose €8 —by s - - 3 a3
combustiblg, such as epoxy novolac and brominated systems. There are also drawbacks such as thée)
accuracy of the combustion procedure is slightly inferior to that of the nitric acid digestion procedure.and
acid/hydrogen peroxide digestion procedure. Nonetheless, it is useful as a rapid test procedure which ca
out safely apd simply.

Because o
purchaser

the lack of reliability of the combustion procedure, its use shall be \as agreed bé
hnd supplier.

6.1.2 Prpcedure A2: Nitric acid digestion procedure

The mass
acid, whicH

f a test specimen is determined before and after digestion-of the resin with concentt
does not attack the carbon fibres excessively.

NOTE
make use of the fact that digestion of resins in a hot bath of nitri¢’acid or sulfuric acid/hydrogen perox]
is rapid conjpared to carbon fibres (which resist digestion in such conditions). The procedure consists of
composite in a hot bath of one of these reagents so that only:the resins are removed by digestion. Th
digestion pfocedure is applicable to all epoxy resins except acid anhydride curing substances. The su
hydrogen p¢roxide digestion procedure is applicable to all*epoxy resins, phenolic resins and polyamide re

6.1.3 Prpcedure A3: Digestion in a sulfuric acid/hydrogen peroxide mixture

The mass (
of sulfuric

f a test specimen is determined before and after digestion of the resin with an aqueo
hcid and hydrogen peroxide;-provided that the carbon fibres are not attacked.

See also the Note to 6.1.2.

6.2 Apppratus and reagents

6.2.1 Geperal

6.2.1.1 Desiceator, containing a suitable drying agent (e.g. silica gel).

o that only the resin is removed by combustion. However, its application is limited to

part of the

The combustion procedure makes use of the relative ease of decomposition of resins, compared to carbon

ing flame of
resins that
completely
hct that the
the sulfuric
h be carried

tween the

ated nitric

Both the nitric acid digestion procedure and the sulfufic acid/hydrogen peroxide digestion procedure

ide mixture
soaking the
b nitric acid
Ifuric acid/
bins.

IS mixture

6.2.1.2 A

nalytiealbalanee,acctrateto 6t me:

6.2.1.3 Abrasive paper, with grain size finer than 180 grit.
6.2.2 Procedure Al

6.2.2.1 Bunsen burner, compatible with the gas used.

6.2.2.2 Nichrome wire, about 0,2 mm in diameter.

© IS0 2024 - All rights reserved
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6.2.3 Procedure A2

6.2.3.1 Borosilicate-glass vacuum filter.

6.2.3.2 200 ml conical flask.

6.2.3.3 100 ml measuring cylinder.

6.2.3.4 Water reflux condenser, with a standard taper joint to fit the conical flask.
6.2.3.5 Air-circulation drying oven, capable of heating up to about 200 °C.

6.2.3.6 Acetone, as specified in SO 6353-2.

6.2.3.7 (oncentrated nitric acid, 62 % by mass.

6.2.4 Prpcedure A3

6.2.4.1 Borosilicate-glass vacuum filter.

6.2.4.2 Borosilicate-glass round bottom flask, minimum volume 200 ml.

6.2.4.3 100 ml measuring cylinder.

6.2.4.4 Reflux condenser, with a standard taper joint to fit the round bottom flask.
6.2.4.5 Heating mantle, capable of heating up to about 200 °C.

6.2.4.6 Air-circulation drying oven, capablé of heating up to about 200 °C.

6.2.4.7 Acetone, as specified in [SO 6853-2.

6.2.4.8 C(oncentrated sulfuric acid, 96 % by mass.

6.2.49 30 % to 35 % hydregen peroxide solution.

SAFETY PRECAUTIONS-— When handling nitric acid, sulfuric acid or hydrogen perokide, care

shall be taken to prevent accidents. Wear rubber gloves, protective goggles, etc., in orde
direct contact of these reagents with the human body. If human skin does come into co
se reagents, appropriate treatment shall be provided immediately. It is also ne
area and/or room. Boiling 65 % hydrogen peroxide can decompose expl

one of the
ventilate the test
not thereflere

disposed of in a suitable way.

6.3 Testspecimen

r to avoid
htact with
cessary to

osively; do
eparate and

The mass of the test specimens shall be at least 0,5 g and preferred of cuboid shape. The recommended
dimensions are a thickness of less than 4 mm with 6 mm to 10 mm in length and width. Test at least
5 specimens every series for assessment of void content and at least 3 specimens every series for assessment
of fibre volume content.

© IS0 2024 - All rights reserved
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6.4 Procedure

6.4.1 Density measurements

When using method A, the densities of the carbon fibre, the resin and the composite are needed for calculating
the fibre content by volume, the resin content by volume and the void content by volume Determine the

densities o
a)
b)
9]

fthe resin, the composite and the carbon fibre as follows.

Determine the density of the carbon fibre (p;) in accordance with ISO 10119.

Determine the density of the resin (p,) in accordance with ISO 1183-1, ISO 1183-2 or ISO 1183-3.

Determine the density of the composite (p.) by the immersion method specified in ISO 1183-1. Use water

as the

When

be madgle for the mass of the wire used to suspend the specimen.

6.4.2 Pr
6.4.2.1 V|

6.4.2.2 B
including t

6.4.2.3 L
15 cm and
to about 2
horizontal

touching the reducing zone, as shown in Figure 1.

6.4.2.4 V
flame and
until the of
Continue h|

6.4.2.5 Remove the specimen from the flame and place it on a metal plate to cool to room temj

the specim|

eating until this happens. Thetotal heating time will normally be 3 min or less.

mmersion liquid.

measuring resin and composite densities by the immersion method, it is essential that a

pcedure Al
Jeigh a test specimen with the analytical balance (6.2.1.2) to the néarest 0,1 mg (m).

ind the specimen with nichrome wire (6.2.2.2) as shown in Figure 1. Weigh the
he nichrome wire, to the nearest 0,1 mg (m).

ight the Bunsen burner (6.2.2.1) with the air shut off Adjust the height of the flame {
20 cm. Gradually increase the supply of air to bringsthe height of the reducing flame (
cm. Using tweezers to hold the nichrome wiré binding the specimen, introduce th¢
y into the flame a little above the top of thereducing zone of the flame, but without

Vithin five to twenty seconds, most gfithe resin in the specimen will be burnt off, prod
black soot. Continue to heat the specimen until its bottom surface becomes red hot. Th|
her surface becomes red hot. When all the resin has been burnt off, the red flame will

en is not weighed at once, place the plate plus specimen in a desiccator (6.2.1.1).

correction

specimen,

o between
blue flame)
P specimen
Wit any time

cing a red
en invert it
disappear.

berature. If

© IS0 2024 - All rights reserved
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6.4.2.6 Weigh the specimen, including the nichrome wire, to the nearest 0,1 mg (m,).

1
4
2]
ﬁ .
)
(0
I
===
—

Key
1 flame
2 reducing zone of flame
3 bunsenburner
4  tweezers
5 nichromne wire
6  specimgen reinforced with unidirectional carbon fibres
7  specimgn reinforced with woven carbon fibre fabric

Figure 1 — Procedure Al

6.4.3 Prpcedure A2
6.4.3.1 Weigh a test specimen with the analytical balance (6.2.1.2) to the nearest 0,1 mg (m).

6.4.3.2 Using a measuring cylinder (6.2.3.3), measure 50 ml of concentrated nitric acid (6.2]3.7) into a
200 ml conical flask (6.2.3.2).

6.4.3.3 Place'the flask in an oil bath maintained at 120 °C £ 2 °C and place the test specimen in the flask.

6.4.3.4 Attach a reflux condenser (6.2.3.4) to the flask and heat the flask for 90 min.

6.4.3.5 Dry a glass filter (6.2.3.1) in an air-circulation oven (6.2.3.5) at 105 °C + 5 °C for 90 min, then cool
it in a desiccator to room temperature and weigh it to the nearest 0,1 mg. Continue drying, cooling and
weighing until constant mass is reached, i.e. until two consecutive weighings do not differ by more than
1 mg. Label this mass as ms.

6.4.3.6 After digestion, cool the solution and filter it through the glass filter, using vacuum suction, to
separate off the fibre.

© IS0 2024 - All rights reserved
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6.4.3.7 Wash out the flask with 20 ml to 30 ml of concentrated nitric acid, filtering the washings through

the glass fi

6.4.3.8

Iter.

from a washing bottle and then with acetone (6.2.3.6).

6.4.39 P

lace the glass filter in an air-circulation oven and dry it at 105 °C * 25 °C for 90 min.

Wash the fibre retained on the filter with several approximately 100 ml portions of distilled water

6.4.3.10 After drying, remove the glass filter from the oven and place it in a desiccator for 30 min to cool to
room temperature.

6.4.3.11 V

4

6.4.3.12 C
weighings

644 Pr
6.4.4.1 V|

6.4.4.2 U
200 ml rou|

6.4.4.3 A

6.4.4.4 P
(6.2.4.5) (4
sulfuric ac

6.4.4.5 F
of hydroge
sulfuric ac
room temp

6.44.6 [
6.4.4.7 F

6.4.4.8 V|
the glass fi

6.4.49 V|

rala-tla 1 £314 | £31 o il +£0.1
Clsll CIIC SlaDD ITILCT PIUD ITUTI'C LU LIIU 1ICdAd1I Lol U, 1 llls-

ontinue drying, cooling and weighing until constant mass is reached, i.e. untiljtwo d
o not differ by more than 1 mg. Label this mass as m;,.

pcedure A3
Ueigh a test specimen with the analytical balance (6.2.1.2) to the nearest 0,1 mg (m).

sing a measuring cylinder (6.2.4.3), measure 30 ml of concentrated sulfuric acid (6.2
nd bottom flask (6.2.4.2).

ttach a reflux condenser (6.2.4.4) to the flask.

lace the specimen in the concentrated sulfurigacid (6.2.4.8) and heat the flask in a heat
180 °C % 10 °C) so that the sulfuric acid begins to fume. When all the resin has dissoly
d solution has become dark brown in colour, stop heating.

ill a syringe with about 20 ml of:Hydrogen peroxide solution (6.2.4.9). Slowly add s
n peroxide solution to the flask, When all the fibres have floated up to the surface,
d solution clear, add 2 ml more hydrogen peroxide solution and heat for 10 min prior t
erature.

ilter the contents of the flask through the glass filter, using vacuum suction, to separate d

[ter.

ry a glass filter (6.2.4.1) to constant mass (mj3), following the procedure described in 6

onsecutive

.4.6) into a

ing mantle
red and the

mall drops
eaving the
cooling to

4.3.5.

ff the fibre.

Vash outthe flask with 20 ml to 30 ml of concentrated sulfuric acid, filtering the washings through

Jash the fibre retained on the filter with approximately 500 ml of distilled water fronj

a washing

bottle, ensuring that the washing water is close to pH 7. Then wash the fibre with acetone.

6.4.4.10 Place the glass filter in an air-circulation oven (6.2.4.6) and dry it at 105 °C £ 5 °C for 90 min.

6.4.4.11 After drying, remove the glass filter from the oven and place it in a desiccator for 30 min to cool to
room temperature.

6.4.4.12 Weigh the glass filter plus fibre to the nearest 0,1 mg.

6.4.4.13 Continue drying, cooling and weighing until constant mass is reached, i.e. until two consecutive

weighings

do not differ by more than 1 mg. Label this mass as my.

© IS0 2024 - All rights reserved
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6.5 Expression of results

6.5.1 Inthe case of procedure Al (see 6.4.2), calculate the fibre content by mass from Formula (1):

W= %ﬁmzx 100 (1)
where

wg  is the fibre content (mass %);

m is the initial mass of the test specimen (g);

my i the initial mass of the test specimen and nichrome wire (g);

m, if the mass of the test specimen and nichrome wire after combustion (g).
In the cas¢ of procedure A2 (see 6.4.3) and procedure A3 (see 6.4.4), calculate, the”fibre coptent from
Formula (2):

W= f"‘;ﬂx 100 @
where

ms3  [is the mass of the glass filter (g);

m,  [is the mass of the test specimen and glass filter after digestion (g).
6.5.2 Calculate the fibre content by volume, the resif’content by volume and the void content|by volume
from Formpulae (3), (4) and (5):

op = pjp" 3)

o =(100_;Vrf i @

¢, =140 (¢ +0, ) (5)
where

ox is thefibre content (volume %);

@, isthe resin content (volume %);

¢, isthe void content (volume %);

Wg is the fibre content (mass %);

Pe is the density of the test specimen (g/cm3);

Ps is the density of the fibre (g/cm3) (see Note);

Py is the density of the resin (g/cm3).

© IS0 2024 - All rights reserved
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If the calculated value of the void content is negative, it is necessary to re-examine the densities of the resin,
the fibre and the composite. In such cases, a solution shall be negotiated between the purchaser and supplier.

NOTE

7 Meth

The density of the fibre can be obtained from the supplier's documentation.

od B: Thickness measurement method

7.1 Principle

The thickness of the composite is measured over the entire surface of the composite. Using known values
of the mass per unit area and the density of the reinforcement, the fibre content of the composite can be

calculated.
7.2 App

7.2.1 Ba
specimen {

7.3 Test

The mass

dimension
5 specime]
of fibre vol

7.4 Prog
7.4.1 De

7.4.2 Me
scattered

74.3 It 9
measurem

areas of the composite. Hence, a cerrection might be needed for a non-uniform resin surface, s

aratus and materials

hickness.

specimen

bf the test specimens shall be at least 0,5 g and preferred of‘cuboid shape. The rec
5 are a thickness of less than 4 mm with 6 mm to 10 mnt in length and width. T¢
s every series for assessment of void content and at least3 $pecimens every series for 4
ime content.

edure
ermine the density of the carbon fibre (p¢)iffaccordance with ISO 10119.

asure the thickness with a ball micrametre or equivalent instrument (7.2.1) at at leag
niformly across the surface of the.eemposite.

ent. The fibre content of & composite can be determined for the whole composite or

I micrometre or equivalent instrument, reading to an accuracy of 0,01 mm, to measure the

bmmended
bst at least
1ssessment

t 10 points

hould be noted that the suiface smoothness of the composite will affect the resullts of this

for specific
ich as that

caused by the use of a peel ply.during manufacture.
7.5 Expression of results
Calculate the fibre gorntent by volume and the resin content by volume of the composite from Fdrmulae (6)
and (7):
Nx
O =_ﬁx10—1 (6)
dx pf
¢, =100—-0f (see Note 2) (7)
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where

N

pA,p

d
Pf

NOTE 1

ISO 14127:2024(en)

is the number of plies in the composite;
is the mass per unit area of the fibre in the plies of the prepreg (g/cm?) (see Note 1);
is the thickness of the composite (mm);

is the density of the fibre (g/cm3) (see Note 3).

The mass per unit area of the fibre in prepregs can be obtained either from the supplier's documentation or

by direct measurement using specimens taken from an area adjacent to the area of the prepreg used in the manufacture
of the composite.

NOTEZ

NOTE3 ]

8 Meth
8.1 Prin

8.1.1 Pr

The area of
analyser o1
content of

8.1.2 Pr

The total ¥
measured
section is d

Because of
caused by
the purcha

NOTE y
magnificati
calculating
analysis soff

'he calculation of the resin content assumes a 0 % void content.

'he density of the fibre can be obtained from the supplier's documentation.

pd C: Microscopic method
ciple

bcedure C1: Determination of fibre volume content

[ optical microscope, and the ratio of fibre area to the.observation area is defined as fi
he specimen.

bcedure C2: Determination of areal void content

roid area on the whole observed crossrsection of a carbon-fibre-reinforced plastic s
by optical microscope, image analysey and the ratio of the measured void area to the ar
efined as areal void content of the specimen.

he choosing of observationtequipment and calculating means, its use shall be as agreg
ser and supplier.

'he identifiable void size' depends on the accuracy of the observation equipment (such as th
bn of the equipment-and its resolution), and the computational accuracy is decided by tH
Lhe void area. In-general, the accuracy of area calculation using a semi-automatic or fully auto
tware is highen than that of area counting using transparent grid papers.

fibre in the observation area of a carbon-fibre-reinforcedplastic specimen is measured by image-

bre volume

pecimen is
ba of cross-

difference between the term of areal void content and void content, and of the result deviation

d between

£ maximum
e means of
matic image

8.2 Appparatusand materials

8.2.1 General

8.2.1.1 Castable resins, such as clear epoxy resins.

8.2.1.2 Water proof abrasive papers, choosing No.320, No. 400, No. 600, No. 800.
8.2.1.3 Polishing cloth, choosing velvet and woollen.

8.2.1.4 Polishing paste, choosing W0,5 or W1 artificial diamond polishing paste.
8.2.1.5 Grinding and polishing equipment.

© IS0 2024 - All rights reserved
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8.2.1.6 Micrometre or equivalent instrument, reading to an accuracy of 0,01 mm.

8.2.2 Procedure C1

8.2.2.1 A metallographic microscope with magnification factor over 1 200.

8.2.2.2 Millimetre transparent graph papers, for counting.

8.2.2.3

and data processing system.

Image analyser, with quantitative measurement analysis software (particle area, area percentage)

8.2.24 A

8.2.3 Pr

8.2.3.1 Microscope, with eyepiece mesh as specified in ISO 9344, micrometre and other access

8.2.3.2 I

8.3 Test

8.3.1 Ge

For unidire
to the axia
Test at leaf
for assessi]
three spec
along each

83.2 Sp

8.3.2.1

Measure t}
with a mic

8.3.2.2 §

Embed th

perpendicular to the related orientation of fibre.

Measurement of specimens

planimeter.

bcedure C2

mage analyser.
specimen

neral

ctional laminate composites, the specimens shall be cut off along the cross-section per
direction of the fibre, whose length is 20 mm, width 10 mm and the depth as same as {
t 5 specimens every series for assessment of woid content and at least 3 specimens e
hent of fibre volume content. For orthogonal;and multidirectional laminate composit
mens with length of 20 mm, width of 10~mm and height as same as the sample shal
cross-section perpendicular to every axial direction of the fibre.

pcimen preparation

e length and width ofthe cross section of the specimen before determination of the v
fometre or equivaléntinstrument (8.2.1.6), accurate to 0,01 mm.

pecimen embedding

h

specimens with castable resins (8.2.1.1), making sure that the observation

ories.

pendicular
he sample.
very series
es, at least

[ be cut off

bid content

surface is

8.3.2.3 §

pécimen grinding and polishing

Grind the well embedded specimens against the grinding machine (8.2.1.5) with rough to fine abrasive
papers (8.2.1.2) in the flowing water. Then polish the specimen with appropriate polishing cloth (8.2.1.3)
and polishing paste (8.2.1.4) on the polishing machine, until the cross-section morphology is clearly visible
under the microscope. The specimen shall be thoroughly rinsed out by every replacement of the abrasive
paper during the process of grinding and polishing. If there is polishing paste plugging the pores, an
ultrasonic cleaner can be used.
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8.4 Procedure

8.4.1 ProcedureC1

8.4.1.1 Procedure C1.1: Determination of fibre volume content using image analyser

8.4.1.1.1

Place the well-prepared specimen on the platform of the image analyser (8.2.2.3).

8.4.1.1.2 Adjust the luminance of the observation plane and the focusing plane to obtain the clear fibre
cross section morphology. There shall be no voids in the observation plane.

8.4.1.1.3
able to be

8.4.1.1.4
least three

8.4.1.2 K

8.4.1.2.1

8.4.1.2.2
determina

shall be no

8.4.1.2.3
fibre cross

8.4.1.2.4
Determina

in 8.4.2.2.3
from the m

8.4.2 Pr
8.4.2.1 H

8.4.2.1.1
(8.2.3.2).

Adjust the magnification of the image analyser to greater than 500 x, so that the sin
listinguished.

Calculate the percentage of the fibre area to the observed area. Record the\result.
observation fields for each specimen.

rocedure C1.2: Determination of fibre volume content using microscope

Place the well-prepared specimen on the platform of the microScope (8.2.2.1).
Photomicrograph three observation fields on one specifueh all at the magnification o
ion of the area of each observation field ( 4;) and the humber of fibres (N;) in every f

voids in the observation field.

Take a micrograph at the magnification of 1.200 x (or greater) for determination of {
sectional area (Af).

Cover the micrograph with a calibrated millimetre transparent graph paper

ke the average cross-sectional area (E) of 25 fibres on the micrographs obtained by

, using a planimeter (8.2.2.4) or,other methods. The fibre’s cross-sectional area can be
easured fibre diameter, if the\fibre has a circular cross section.

pcedure C2:
rocedure C2.1: Determination of areal void content using image analyser

The pore~content can be measured on the sample or photomicrograph with an imag

8.4.2.1.2

gle fibre is

Measure at

f 200 x, for
ield. There

he a single

(8.2.2.2).
the means

calculated

re analyser

Place the well-prepared specimen on the platform of the image analyser.

8.4.2.1.3 Adjust the magnification of the image analyser until the cross-section of the specimen can be
clearly observed. Photomicrograph the specimen first or measure the absolute void area directly over the
entire cross-section, or direct determination of the absolute pore area over the entire pattern, or calculate
the percentage of the pore area to the cross-section area of the specimen. Record the results.

8.4.2.2 Procedure C2.2: Determination of areal void content using microscope with eyepiece mesh

8.4.2.2.1

Place the well-prepared specimen on the platform of a microscope (8.2.3.1).

© IS0 2024 - All rights reserved
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8.4.2.2.2 Observe the entire section of the specimen rapidly at magnification of 100 x and adjust the
magnification to make most of the pore areas greater than a quarter cell.

8.4.2.2.3 Record the number of cells falling on the pore areas, with a quarter of a cell as the minimum
counting unit. Count for 1/2 when it is greater than 1/4 cell; for 3/4 of greater than 1/2 cell; for 1 of greater
than 3/4 cell. The area of each eyepiece grid cell shall be calibrated with a microscale at the selected
magnification.

8.4.2.2.4

It should be noted that the number of voids, the maximum and the minimum of the void area, the
total area of voids and the void content in the measured area of each specimen shall be determined by using
no matter which means mentioned in procedure C2.

8.5 Expression of results
8.5.1 In the case of procedure C1.1, calculate the fibre content by volume from Formula‘(8):
"1 n
4iin i
n
where
¢r  [is the fibre content (volume %);
O is the fibre content in the i -th observation field (volunme %);
n is the number of observation fields of the specimen:
8.5.2 In the case of procedure C1.2 (using microscepe), calculate the fibre content by volume in each
observatiop field from Formula (9), and then calculate the fibre content by volume from Formula (8) in 8.5.1:
N;- A,
¢ i =+—Lx100 9)
i
where
®5  [is the fibre content ifl éach observation field (volume %);
E is the average cress-sectional area of the fibre (um?);
A is the area.ofthe i -th observation field (um2);
N; is the numiber of fibres in the i -th observation field.
8.5.3 In thecase of procedure C2.1, calculate the areal void content from Formula (10):
n
Zizl vi
0, = x100 (10)
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