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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
ical standardization.

electrotechn

The proced

on the ISO lis

Any trade ng
constitute ar

For an expl3
expressions
World Trade
iso/foreword

e are
br the
ith the

Hrawn to the possibility that some of the elements of this document may\be the subject of

4. ISO shall not be held responsible for identifying any or all such patent rights. Det
ights identified during the development of the document will be in the Introduction a

t of patent declarations received (see www.iso.org/patents).

me used in this document is information given for the conveniéence of users and do
endorsement.

ination of the voluntary nature of standards, the meaning of ISO specific term

hils of
ind /or

S not

s and

related to conformity assessment, as well as information about ISO's adherence o the

.html.

This docum
Thermosettin

Any feedbacl
complete list

g materials.

c or questions on this document sheuld be directed to the user’s national standards b
ing of these bodies can be found.at www.iso.org/members.html.

Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.is¢.org/

ent was prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee §C 12,

hdy. A

© ISO 2021 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=350bb3c0282422dddce52cbcb445a465

ISO 4216:2021(E)

Introduction

The use of resin first requires curing it under specific conditions that vary depending on the product
specification. During this curing process, chemical reactions occur and volatiles evaporate, and so the
resin shrinks. This can cause defects, strength reduction, and the deformation of the finished parts or
products, especially in high precision required applications.

The conventional method which measures the shrinkage of resin based on specific gravity requires
long measurement time and an amount of resin about a few cubic centimetres. This sample size is
larger than what is actually used in many applications such as the epoxy encapsulation compounds
for in L . : . ) . :

contrpl and further promote the technical advancement of high precision production, a o
high dccuracy method for determining the shrinkage of resin is essential.

A totglly new measurement method has been developed to meet this demandf{allowing to measure
curing shrinkage continuously with just a trace amount of resin. Moreover,inice measuyrements are
taken| continuously, the curing behaviour of resin such as thermal expansion*and thermall contraction
are aliso observed. This measurement method is described in this document!

© IS0 2021 - All rights reserved v
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INTE

RNATIONAL STANDARD ISO 4216:2021(E)

Thermosetting resin and UV curable resin — Determination
of shrinkage by continuous measurement method

SAFETY STATEMENT — Persons using this document should be familiar with normal laboratory
practice, if applicable. This document does not purport to address all of the safety concerns, if
any, associated with its use. It is the responsibility of the user to establish appropriate safety
and health practices.
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3.1
UV cu
resin

3.2
therrn
resin

3.3

Hocument specifies the continuous measurement method of shrinkage for_thermo
r UV curable resin.

ormative references

bllowing documents are referred to in the text in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced documeént (including any amendmg

2, Plastics — Vocabulary

erms and definitions
e purposes of this document, the terms@nd definitions given in ISO 472 and the follg
1d IEC maintain terminological databases for use in standardization at the following

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

C Electropedia: available(at http://www.electropedia.org/

jrable resin
which is cured by receiving energy from UV rays

hosettingresin
whichis‘eured by receiving energy from heat

setting resin

their content
applies. For
ents) applies.

wing apply.

addresses:

curir

Ares
s LUIUItIvIx

UV irradiation and/or heating condition for curing resin

3.4

curing shrinkage
ratio of the change in resin volume due to curing process to the resin volume before curing

Note 1 to entry: Percentage of shrinkage due to curing of resin.

4 Principle

Cure the resin inside a sample container and continuously measure the changes of sample thickness.
Since the horizontal cross-sectional area of resin sample remains constant due to the sidewalls of
the sample container, the changes in sample volume are proportional to the changes in the sample
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thickness. Therefore, shrinkage of resin is calculated from the changes in sample thickness, as shown in

T,)/ Ty x 100

is the shrinkage, in %;

is the initial sample thickness;

M

Formula (1).
A=(T;-
Where
A
Ty
T, is

In addition
also allows t
heated, or co

NOTE1 Ty
proceeds (see
immediately 1

NOTE 2

Wie
resin temperdture. This expansion continues as the temperature rises. When'the curing temperature is re

the curing be
returned to rd

he sample thickness at an arbitrary time.

o the determination of the curing shrinkage, this continuous measurement tec
b see the volumetric changing behaviour of a resin at the time it is being irradidted
oled during the curing process.

bically, upon irradiation by UV rays, UV curable resins expand immediately-thén contract as
Figure 1). However, some types of UV curable resin exhibit fast reactiong'wherein shrinkage
ight after irradiation (see Figure B.1).

n a thermosetting resin undergoes heating, thermal expansion®ccurs due to the increase

bins and the resin starts to contract. This shrinkage continués until the resin is fully curg
om temperature (see Figure 2).
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shrinkage start point

ish point

shrinkage finish point
curing shrinkage
maximum shrinkage

Figure 1 — Curing behaviour of UV curable resin
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X time (min) a, d room temperature

Y  v¢lumetric shrinkage (%) b, c curing temperature
tgmperature(°C)

A sfart heating point

B  sfart curing point

C  cyring finish point

D  shrinkage finish point

E  cyring shrinkage

F  shrinkage by cooling

G  shrinkage by reaction

H njaximum shrinkage

Figure 2+='Curing behaviour of thermosetting resin

5 Test methods andtest conditions

5.1

Test methods

The test methods are classified according to the curing conditions applied to the resin. There are

three

different types of curing condition: UV curing, thermal curing, and a combinatic

thernllal curing.

5.2

Test conditions

n of UV and

Conduct measurements in the standard laboratory atmosphere of 23 °C * 2 °C (73,4 °F # 3,6 °F) and

50 %

+ 5 9% relative humidity, unless otherwise specified in the experiment conditions.

6 Number of measurements

Three or more samples shall be tested for each curing condition.

© IS0 2021 - All rights reserved
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7 Apparatus

7.1 Apparatus configuration

An apparatus for measuring the curing shrinkage of resin by this method is a system that consists of
different units. Primarily, it includes a sample container, displacement gauge, UV irradiation device,
heating/cooling device, etc. Figure 3 shows an example of an apparatus configuration compatible with
a UV curable resin, and Figure 4 shows an example of an apparatus configuration corresponding to a
thermosetting resin.

N Ul D W N

5
L
1
o
g 2
6 :
; 3
/ 4
o
C
displacenpent gauge
sample
sample cgntainer
measuring stage
UV irradigtion device
UV beamj
Figure 3 — Example)of an apparatus applied for UV curable resin
© ISO 2021 - All rights reserved
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7.2

A sanpple container of accurately known volume and dimensions shall be used. To ensurg

meas
from
easily
cyling

splacement gauge
mple

mple container
easuring stage
bating/cooling device

Figure 4 — Example of an apparatus applied for thermosetting resin

Sample container

irement, container material should be used which does not cause either the detachi
the bottom after curing or absorb thie'sample via the wall surfaces. Moreover, in orde
the container capacity/volume(the sample container should have a smooth botton

Irical shape.

a) Sectional view

b) Top view

an accurate
mnent of resin
I to calculate

surface and

Figure 5 — Sample container

(Typical dimensions)

Depth: 0,5 mm to 3 mm

Inner

diameter: 10 mm to 15 mm
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7.3 Displacement gauge (thickness meter)

The displacement gauge shall be a non-contact type that does not affect the sample and can capture
displacement data over time. Moreover, its resolution shall be lower than 1/10t the change in sample

thickness.

NOTE

displacement gauge, etc.

7.4 UV irradiation device

A UVirradia

Hondevice used-in shrinkaoge measuremoent of 9 IV curable resin consists of 2 licht g
ls) M O

Non-contact displacement gauge can be a laser displacement gauge, a spectral interference laser

urce

unit and a w
sufficient illu

7.5 Heatis

A heating/co
of the setting
capacity sha

For example
shall be used

avelength selection unit. It shall be capable of irradiating the sample uniformly ang
minance to cure the resin.

1g/cooling device
oling device that can control the temperature of measuring stage, maintain it within

1 be used.

when the sample is an epoxy resin, a device which has heating capacity of at least 1
to obtain a sufficient curing state.

7.6 Data processing unit

The measurs
volume redu
shall be com

8 Curing

8.1 UVcu

UV curable r¢
appropriate
curing, type

8.2 Thern

For curing at
for heating a
as the tempe

bment data is calculated according to Clause 10”and shall be sequentially recorde
Ction rate over time. The capture interval and,processing speed of the data processi
batible with the curing rate of the sample.

method

rable resin curing methed

psins are cured by uniform and controlled exposure to UV radiation for a suitable time

o

with

+3°C

value (room temperature to curing temperature), and provide endugh heating and c¢oling

50 °C

as a
unit

under

material-dependent.¢onditions. Parameters such as the irradiation intensity necessary for

pf light source, and ambient atmosphere conditions shall be prepared for this.

hosetting resin curing method

hermosetting resin, a device (see Figure 4) shall be used which can control the temper
nd cobling. The resin is cured by running a suitable temperature program. Parameter
ratures necessary for curing, retention time, heating and cooling speed shall be pre

ature
5 such
pared

for this.

9 Measurement procedure

a) Prior to the measurement, prepare the experiment parameters and devices according to the sample
specifications and curing conditions described in Clause 5.

b)

Fill the resin into the sample container to form a smooth surface. In the case of high viscosity resins,

the sample should be allowed to stand until the material distributes and the surface smoothens.
Additionally, in the case of thixotropic resins which do not become flat after standing, use a spatula
to smoothen the surface.

If there are fine air bubbles in the resin, they shall be removed by a defoaming process suitable for
the sample. This can be done before or after fill the resin into the sample container.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=350bb3c0282422dddce52cbcb445a465

ISO 4216:2021(E)

c) Setthe sample container on the measurement stage.

d) Check the thickness measured at the centre of the sample via the displacement gauge to determine
the sample volume before curing. This step is automatically done by the apparatus, given that this
is a continuous measurement method.

e) Cure the sample according to the prepared conditions of step (a). In this process, the change of
sample thickness is measured continuously by the displacement gauge and the volume reduction
rate is plotted by the data processing device. Depending on material, the data acquisition interval
of the displacement gauge is determined.

f) After curing and returning to the initial temperature at the start of measurement, the shrinkage
epd point shall be determined as the point at which the shrinkage of the sample in thg last 5 min is
below 0,2 % of the initial sample volume.

NOTE[1  An example of influencing factors in measurement is shown in Annex A.

NOTE|2 A measurement example is shown in Annex B and a measurement reportiexample is given in Annex C.

10 Expression of results

10.1|Volumetric shrinkage
Volumetric shrinkage, A(t), from the start of the curing to anvarbitrary time is defined by Hormula (2).

Since|the resin is cured in the container, the horizontdlcross-sectional area of the sample is limited
by the sample container. Hence, the horizontal cross-sectional area does not change¢ during the
measpirement process. Therefore, only the sample-thickness changes affect the volumetric|shrinkage.

A(t)=——L%x100=""-—Lx100 2)
VO (o]
wher¢
A is the volumetric shrinkage at an elapsed time due to the applied curing conditiqn;
t is the elapsed time after starting the measurement;

1},  istheinitiabvolume (mm3)att=0,V, =T, x S;

Y(t) is the sample volume (mm?3) attime ¢, V,= T, x S;

S is¢the’sample horizontal cross-sectional area (mm?2), (Figure 6);
T

is the sample thickness (mm) at time t = 0, [Figure 6 a)];

D

T(t) is the sample thickness (mm) at an elapsed time t by an arbitrary curing condition,
[Figure 6 b)].

10.2 Curing shrinkage
The curing shrinkage of a resin from start to the end of measurement (A4p) is defined by the Formula (3).
V -V T T
Ay =—>-Lx100="-Lx100 (3)
V T

(0] (0]

where

© IS0 2021 - All rights reserved 7
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Vp  isthe sample volume (mm3) at the end of curing process [D - Figure 1 or Figure 2)];

Tp  isthe sample thickness (mm) at the end of curing process [Figure 6 c)].

< = £
A4
[ ] | = | ﬁi|:_ |
L / N
S S
A B C
a) Start pf measurement b) During measurement c) End’of measuremenit
Key
A initial

B after an elapsed time
C end of shfinkage

Figure 6 — Sample thickness and horizontal cross-sectional area

11 Test report

For each testimethod, the test report shall specify the following:
a) areference of this document, i.e. IS3:4216:2021;

b) measurgment date;

c) name of the measurement.device used;

d) all the d¢tails necessar'y to identify the sample;

e) temperafure at theStart of measurement;

f) resin curingriethod (i.e. thermal curing or UV curing);

g) curing condition:

— UV curing: irradiation wavelength, irradiation intensity on the sample surface, irradiation time;

— thermal curing: all details of temperature program, including temperature, heating/cooling
speed, retention time for each step;

h) volume and depth of sample container;
i) the measurement results obtained (i.e. shrinkage);

j) notices of any operating details not specified in this document, or regarded as optional, or any
unusual features observed during the test.

8 © IS0 2021 - All rights reserved
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Annex A
(informative)

Influencing factors on measurement

The measurement should be made in consideration of the following factors.

a)

b)

d)

Depending on the measurement temperature, thermal expansion affects the measurement stage

apd sample container.
Displacement gauge accuracy

echanical error occurs in the measured value depending on the dcguracy of the
ghuge. For example, when the accuracy of a displacement gauge is 1\uin, a mechanical ¢

lisplacement

rror of 0,1 %

opcurs in the measured value of the sample which its thickness béfore measurement () is 1 mm.

Influence of sample absorption on inner wall of the sample ¢ontainer

hen the sample is adsorbed toward the inner wall of the sample container prior to aind during the

cpring, a meniscus is formed. This means that a smallér'than actual volume of the cui
uked for calculating shrinkage. Therefore, the obtainéd shrinkage is an upper limit to the

Fpr example, a measurement is carried out in 210 mm, 1 mm thickness sample cont3
78,5 mm3). When the absorption (meniscus}”occurs at an angle of 45° on a samplg
thickness displacement of 0,1 mm (volume shrinkage 10 %, volume 70,65 mm?3), tl
the meniscus formation (0,16 mm3) is approximately 0,2 % of the initial volume, an
shrinkage is calculated 0,2 % bigger.than the actual value.

Change in horizontal cross-sectional area in shrinkage

hen a separation occurs‘between the container wall and the resin after curing, thi
e horizontal cross-sectiohal area of the sample also shrunk. Here, the cross-section
sually greatest at the.top of the sample and lowest at the bottom, resulting in a flat

e I ==

hrinkage.

pr examplejameasurement is carried out in a @10 mm, 1 mm thickness sample conta
B,5 mm3),/in which a cured sample has a measured thickness displacement of 0,1
rinkage 10 %, volume 70,65 mm3). If the gap from the container wall to the top side
irface is 0,5 mm and there is no separation at the bottom (0 mm gap at the bottom

'ed sample is

actual value.

iner (volume
with a film

ne volume of
1 the volume

s means that

shrinkage is
cone-shaped

ired sample. With'this, a bigger than actual volume of cured sample is used for calcuflating curing

iner (volume
mm (volume
bf the sample
, the volume

o » \ JT™

this gap space (6,7 mm3) is approximately 8,5 % of the initial volume. Therefor

P, the curing

shrinkage is calculated 8,5 % smaller than the actual value, resulting in a big error.

© IS0 2021 - All rights reserved
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(informative)

Examples of measurement result

B.1 Example of volumetric shrinkage of UV curable resin

When a UV [urable resin is irradiated by a UV light source, the shrinkage starts immediately and
continues to|contract further after the irradiation time. Figure B.1 shows an example of awelurmetric
shrinkage mgasurement result of a UV curable resin irradiated by UV light for 60 s.

Y1 Y2
7 40
6 35
c D
. SN 25

N 20

3
15
2 10
1 5
0 0
0 100 2001y 300 400 500

Key
Y1 volume slrinkage, in per cent (%)
Y2 temperatjyire, in degree Celsius (°C)
X  time, in s¢conds (s)

shrinkagg

stage temjperature
sample syrface temperdture
Irradiation time (60-s)¢

LW N

Figure B.1 — Measurement example of curing shrinkage — UV curable resin

B.2 Volumetric shrinkage of thermosetting resin

Athermosetting resin expands during heating, starts to shrink when the curing temperature is reached,
and continues to shrink further upon cooling to room temperature. Figure B.2 shows an example of
volumetric shrinkage during curing when a thermosetting resin is heated and maintained at 110 °C
then cooled to room temperature.

10 © IS0 2021 - All rights reserved
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|
i \ / 3\“:‘““”‘“'—‘ 20

-6 0
0 2000 4000 y 6000 8000 10000

lume shrinkage, in per cent (%)
mperature, in degree Celsius (°C)

inkage
age temperature
mple surface temperature

Figure B.2 — Measurement example of curing shrinkage — Thermosetting 1

mosetting in addition to UV.curing

e case of a resin that requiges: heat curing after a UV curing step, the resin staj
diately after the UV irradiation and expands when heating starts. After that, whe
erature is reached, the(shrinkage starts again, and when the temperature is lowe
brature, the shrinkagefurther progresses. Figure B.3 shows an example of the measur
volumetric shrinkage when the resin is irradiated first by UV light then heated, ma
ed to room temperature.

esin

Example of volumetric shrinkage measurement of a resin that requijires

ts to shrink
n the curing
red to room
ement result
ntained, and

© IS0 2021 - All rights reserved

11


https://standardsiso.com/api/?name=350bb3c0282422dddce52cbcb445a465

ISO 4216:2021(E)

Key

Y1 volume shrinkage, in per cent (%)
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X

1
2
3
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shrinkagg

stage temjperature

sample sy

Figure]

20
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0 2000 4000 y 6000 8000

ire, in degree Celsius (°C)
bconds (s)

rface temperature

B.3 — Measurement example of curing shrinkage — (UV + thermal curing resin)
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Annex C
(informative)

Example of measurement report

Listed items example

The f(l)llowing is an example of the items described in the test report.

C.2
1) M

Conti
ISO 4

(UVc

Matey

Sample quantity: 3

Meas
Meas
Meas
a) S
b) M
¢ S

i)
ii) H

iii) Initial t€€mperature and cooling time (25 °C, 12 min), retention time (30 min)

The Tating conditions‘ef-the measurement stage (hot plate) are as follows:
[

Test report (Thermosetting resin example)
easurement method

huous measurement of shrinkage of thermosetting resin ‘was performed 4
p16:2021

ial: Epoxy resin ~ (name) manufactured by (lot number xxxxxxxXx)

irement date: YYYY/MM/DD

irement device name: (device) name manufactured by (company name)

Irement condition: the curing condition and details are as follows:

hmple container dimension: diameter 10 mm (cross section area 78,5 mm?), depth 1
aterial curing method: Thermosetting

pecific curing condition'(thermosetting setting condition):

itial tempergature and retention time (25 °C, 2 min)

eating témperature and heating time (150 °C, 12 min), heating retention time (30 mi

urable resin and thermosetting resin - continuous measureiment method of shrinkage).

2) 1

mim.

ccording to

The obtained volumetric shrinkage, measurement stage temperature, and sample surface temperature
are plotted below.

© IS0 2021 - All rights reserved

13


https://standardsiso.com/api/?name=350bb3c0282422dddce52cbcb445a465

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Principle
	5 Test methods and test conditions
	5.1 Test methods
	5.2 Test conditions
	6 Number of measurements
	7 Apparatus
	7.1 Apparatus configuration
	7.2 Sample container
	7.3 Displacement gauge (thickness meter)
	7.4 UV irradiation device
	7.5 Heating/cooling device
	7.6 Data processing unit
	8 Curing method
	8.1 UV curable resin curing method
	8.2 Thermosetting resin curing method
	9 Measurement procedure
	10 Expression of results
	10.1 Volumetric shrinkage
	10.2 Curing shrinkage
	11 Test report
	Annex A (informative)  Influencing factors on measurement
	Annex B (informative)  Examples of measurement result
	Annex C (informative)  Example of measurement report

