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INTERNATIONAL STANDARD

1SO 9142:1990(E)

Adhesives — Guide to the selection of standard laboratory
ageing conditions for testing bonded joints

1 Scope

This Intgrnational Standard describes laboratory
ageing conditions under which adhesive joinlts may
be expoded to various environmental influences —
ciimatic ¢r chemical — for the purpose of assessing
the effects of such influences on certain properties.

The ageing conditions are applicable to bonded as-
semblies| and may be used to constitute a set of
tests for {he evaluation of an adhesive.

The resylts obtained using the procedures de-
scribed iph this International Standard are not nec-
essarily |applicable to the determination of the
service life of a bonded assembly because theredis
no direct| relation between the test results .and the
behaviouy of a bonded assembly over asperiod of
time undgr service conditions. However, fot certain
specific ppplications, experience with. the proce-
dures mdy enable a correlation to bejestablished.

NOTE 1 [The ageing conditions should be related to the
specific agplication of the adhesives.

2 Normative references

The following, standards contain provisions which,
through rjeference in this text, conslitute provisions

ISO 483:1988, Plastics — Swmall enclosures for condi-
tioning and testing using’aqueous sollitions to main-
tain relative humidity.at constant value.

ISO 3205:1976, Preferred test temperafures.

18O 3768:1976, Metallic coatings — Netral salt spray
test (NSS(test).

ISO 4587:1979, Adhesives — Determinption of tensile
lap=shear strength of high strength adhesive bonds.

1ISO 4588:1989, Adhesives — Preparagtion of metal
surfaces for adhesive bonding.

1ISO 4892:1981, Plastics — Methods ¢f exposure to
laboratory light sources.

1ISO 6238:1987, Adhesives — Wood-to-iwood adhesive
bonds — Determination of shear strgngth by com-
pression loading.

3 Principle

Definition of the ageing conditions tHat relate most
closely to the application for the adhesive by refer-
ence to the preferred conditions set ¢put in annex A
to annex F.

4 Materials

of this International Standard. At the time of publi-
cation, the edilions indicated were valid. All stan-
dards are subject to revision, and parlies to
agreements based on this International Standard
are encouraged to investigate the possibility of ap-
plying the most recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

1ISO 175:1981, Plastics — Determination of the effects
of liquid chemicals, including water.

1ISO 291:1977, Plastics — Standard atmospheres for
conditioning and lesting.

4.1 De-ionised or distilled water, having a conduc-
tivity less than 200 uS/m.

4.2 Materials for ageing tests under special envi-
ronmental conditions (see appropriate annex).

5 Apparatus

51 Conditioning chamber, meeting the require-
ments of ISO 483, capable of being maintained atl a
temperature of (23 + 2) °C and a relative humidity
of (50 + 5) %.
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5.2 Dry-heat chamber, ventilated and adjustable to
a temperature between 20 °C and 200 °C.

5.3 Humid chamber, meeting the requirements of
ISO 483, adjustable to a relative humidity between
25 % and 100 %. The chamber shall be equipped
with

a) a device to enable the temperature to be meas-

ured to within 1 °C;

b) a device to

enable the relative humidity to be

7.2 Ageing

Expose conditioned specimens to the environmental
conditions as defined in annex A to annex F, as re-
quired.

7.3 Tests after ageing

Determine the properties after ageing in accordance
with the procedure(s) of the appropriate standard(s).
Unless there are indications to the contrary in the
annexes, condition test specimens in the condition-

measured tq within 3 % R.H.

5.4 Cold chamber, adjustable to a temperature of

(—40 + 3) °C.

5.5 Controlled
ating at a pre

pressure chamber, capable of oper-
sure of 0,6 MPa” and at an under-

pressure of 0,092 MPa.

6 Specimens

6.1 Number

The number of
will depend on
the required ag

hnd type

test specimens, and the type used,
the properties to be measured and
leing conditions. The test specimens

shall be prepafed in accordance with the require-
ments of the agpropriate 1ISO standard test method:!
Prepare a suffigient number of specimens to provide

homogeneous

provide control
which do not c
plicable: ISO 45

sets of samples for testing and to
samples. The following standards,
bnstitute an exhaustive list)are ap-
B7, 1SO 4588, ISO 6238.

6.2 Conditioning

Specimens sha

| be conditioned in the conditioning

chamber (5.1) f¢r a miniprum duration of 24 h before
being subjected to ageing’ The conditioning shall be
carried out aftgr theradhesive has been cured in

accordance wit
methods specifi
sive.

h Ahe materials specification or the

ing chamber (5.1)

— for (3 &+ 1) h in the case of specimens pxposed
at a relative humidity higher than 50 %,

- for at least 24 h for all othet Specimens,
before determining the properties.

In addition to the teskresults, all change$ visible
during the ageings,ahd testing periods, ipcluding
mode of failure, shall be noted.

7.4 Controls

For coatrol purposes, a representative qroup of
specimens shall be kept in the conditioning ¢ghamber
(5¢)for the period of time covered by thg ageing
conditions selected.

8 Expression of results

For properties that can be measured, thg results
obtained are expressed as either

— absolute values or

— a relative varialion with respect to thle initial
value.

For properties thal cannot be measured, the nature
of the effects observed shall be noted, e.g| rupture
between the substrate and adhesive, fdilure of
cohesion of the adhesive joint due to partial or total
corrosion of the substrate beneath the adhegive, etc.

led-by the manufacturer of the adhe-

7 Procedure

7.1 Tests before ageing

Determine the

propetties required for the sample

under test by the appropriate test method, using
specimens conditioned in accordance with 6.2.

*) 1 MPa = 10 bar

NOTE 2 It may be worth verifying that the variation in
a measured property is caused only by the ageing process
from the following three values:

A the value of the property measured before accel-
erated ageing;

B the value of the same property measured on the
control specimen which has undergone only intrinsic
ageing at (23 + 2) °C and (50 + 5) % R.H. (see 7.4);

C the value of the property measured after ageing.
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This can be done by calculating the following ratios:

a)

b)

9

[(A — BYA] x 100 (this ratio represents the intrinsic
ageing during the period concerned);

[(A — C)Y/A] x 100 (this ratio represents the overall
ageing due to intrinsic ageing and the accelerated
ageing under the conditions specified in this Inter-
national Standard;

[(B — C)/A] x 100 (this ratio represents the degree of
ageing due to ageing under the conditions specified in
this International Standard).

a)

b)

c)

d)

ISO 9142:1990(E)

a reference to this International Standard;

a description of the type of ageing carried out,
with reference to the relevant annex(es) and the
duration of exposure and number of test cycles;

the results of observations made in accordance
with 7.3 (last paragraph) and clause 8;

details of any operations not laid down in this
International Standard, as well as any incidenis
liable to have had an effect on the results.

Test report

The test| report shall include the following informa-

tion:
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Annex A
(informative)

General conditions of ageing

Whatever the type of ageing carried out, the tem-
perature and duration of exposure, as well as the

Table A.1 — List of preferred temperatures and tol-

relative humidi Y oha”, as—fat—as pUDa;‘u:b', be—se=

lected from thd

values given below. Other values

may be used if|this is absolutely essential for tech-

nical reasons,
from the valued

but they shall be selected initially

given in I1ISO 3205 and ISO 291 (the

latter gives temperatures only).

A1

Preferred tempg¢

Preferred temperatures

ratures are given, together with tol-

erances, in tablp A.1.

A.2 Preferred exposure periods

Hours:
Weeks: 1-2

The number of
as closely as
periods.

A.3 Preferre

< 15 %; (25 +
to 100 %.

1-2+3-4-6-16-24-48-72-96

-3-4-6-8-12-16-26-52

ycles shall be selected to approach,

bossible, these preferred exposure

d relative humidities

b) %, (50 + 5) %; (65 + 5/ % 90 %

erances
Values in degre|

ps Celsius

Tolerances (to be used onlywin-the gbsence
Temperature | of special indications calliing,.in partiqular, for
stricter tolerances)
— 40 + 3
— 20
+ 20 + 2
+ 23 + 2
+ 30 + 2
+ 40 t 2
+ 50 + 2
+%55 +2
+ 60 + 2
+ 70 + 2
+ 90 + 2
+ 100 + 2
+ 105 +3
+ 125 +3
+ 175 + 3
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Annex B
(informative)

Atmospheric conditions for single-variable ageing

In this type of ageing, the effect on the test specimen
of only one environmental variable (e.g. temper-

B.2 Set of conditions B2

ature) is

consiaered, the other vdariablies belng 1xea.

B.1 Set of conditions B1

The sped
chamber

imen is exposed to dry heat in the dry heat
(5.2), the temperature and period of expo-

sure beipg selected from the lists of preferred val-

ues in arn

In this ty
or more
is consid
chamber
specified

nex A.

be of ageing, the simultaneous effect of two
environmental variables on the specimen
ered. In some cases, transfers from one
to another are necessary; unlessotherwise
, such transfers shall be carried ouf in less

than 3 mjn.

The specimen is exposed to cold jn
ber (5.4), the temperature and_peri
being selected from the lists of-prefs
annex A.

Annex C
(informative)

Atmospheric conditions for.multi-variable ageing

Set of conditions C1

The specimen is exposed in the h
(5.3) to the simultaneous action of h
ity. The temperature, exposure perio
are selected from the lists of prefe
annex A.

NOTE 3 A further-accelerated ageing
heat may be carried out at (70 4 2)
100 % humidity for 1000 h.

he cold cham-
bd of exposure
brred values in

umid chamber
pat and humid-
d and humidity
rred values in

est using humid
C and 90 % to
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Annex D

(informative)

Atmospheric conditions for cyclic ageing

In this type of ageing, the specimen is exposed for
several successive periods, under single-variable

Cycle D6 — Immersion in water and drying

and/or multi-vd
In some cases
other are nec
such transfers
3 min.

The following ¢
Cycle D1 —

Cycle D2 —
midity cycle

Cycle D3 —
Cycle D4 —

Cycle D5 —

riable conditions, on a CycliC basis.
transfers from one chamber to an-
bssary; unless otherwise specified,
shall be carried out in less than

/cles may be used:
Heat and humidity cycle

Heat, cold (thermal shock) and hu-

Heat, cold and humidity cycle
Humid-heat and cold cycle

Dry-heat, humid-heat and cold cycle

Cycle D7 — Allernating imimersion in_wj
drying

Cycle D8 — Immersion in boiling water
ing
Cycle D9 — Immersion in_boiling water

by drying, and then dpy heat and re-imm
boiling water

Cycle D10 — Immersion in boiling water
by drying, and.then re-immersion in boili

Cycle DAM— Immersion in water, exp
cold and exposure to dry heat

Cycte D12 — Immersion in salt solution
ing

Qter and

and dry-

followed
ersion in

followed
hg water

hsure to

and dry-
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D1 Cycle D1 — Heat and humidity cycle

Humidity and period of exposure are fixed, while the
temperature is varied. Two temperatures 0, and Og
are selected from table A.1 in annex A.

The cycle requires two humid chambers (5.3) as fol-
lows:

— chamber A, kept at temperature 0, °C and a rel-
ative humidity of no lower than 90 %;

— champer B _kept at temperature A5 °C and a rel-

1SO 9142:1990(E)

The cycle consists of the following exposure periods:
a) 24 h in chamber A;
b) 24 h in chamber B;
c) 72 h in chamber A;

d) 48 h in chamber B.
For the number of cycles, see annex A, clause A2.

For conditioning afler ageing, see 7.3.

ative humidity of not more than 30 %.

A typical cycle, in which 0, is takén|as (23 + 2) °C
and g as (55 + 2) °C, is shownqipJigure D.1.

Exposure period (days)

o
<
(]
5 S5f————p—-—m—H——-— - —— — — = J,
©
2 |
: |
2
c c |
§ . .5:“3 E ) g ' Cyf:le r¢peated
= I o T =T o T n times
B o @ 5o
s Ex TR Ex |
) 3]
z8 28 Sg g
23 —— = ->‘
24N 24h 12h L8h |
Qnie cycle _l
-l
i ! t + t -
! 2 3 5 6 7

Figure| D.1 — Typical conditions for cycle D1, in which 0, and (g are taken as (23 + 2) °C and (55 + 2) °C,

respectively
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D.2 Cycle D2 — Heat, cold (thermal
shock) and humidity cycle

This cycle requires three chambers, as follows:
— a humid chamber A (5.3), kept at a temperature
0, of either (40 + 2) °C or (70 + 2) °C and at a

relative humidity not lower than 90 %;

— a cold chamber B (5.4), kept at a temperature 0g
of either (—20 + 3) °C or (—40 + 3) °C;

The cycle consists of the following exposure periods:
a) (16 + 1) h in chamber A;
b) (3 + 1) h in chamber B;

c) (5 4+ 1) hin chamber C.
For the number of cycles, see annex A, clause A 2.
For conditioning after ageing, see 7.3.

A typical cycle, in which temperature 0, is taken as

— a humid chamber C (5.3), kept at a temperature

40"C. U a5 —20 "C and U as 70 "C, i5.5hown in

0. of either [70 + 2) °C or (100 + 2) °C and at a figure D.2.
relative humjdity of (50 + 5) %.
o |- (5:1)h-O'
= 8
§ (60 = 5).%"R.H. |
g |
§ |
: I
{
40 (1é+h Cycle repeated
Not less than 90 % R.H. | n times
V
|
I
|
|
|
0 } ! n | | I
} — : + —t bttt — -
5 10 15 20 | Exposure period [h)
|
|
|
N — &5 —— — — — b= [
(3+1)h |
Figure D.2 — Typical conditions for cycle D2, in which 0,, /5 and (. are taken as 40 °C, —20 "C and |70 °C,
respectively
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D.3 Cycle D3 — Heat, cold and humidity
cycle

This cycle requires a programmable humid chamber
(5.3) capable of maintaining the required conditions
of temperature and humidity and able to change the
conditions in the time specified in each case.

The cycle consists of the following operations:

a) expose for (15 + 1) h at a temperature of either
(40 + 2) °C or (70 + 2) °C and at a relative hu-

ISO 9142:1990(E)

¢) change, in (60 4 20) min, the temperature to
(70 + 2) °C or (10 4 2) °C and the relative hu-
midity to (50 + 5) % and expose for (4 + 1) h;

d) change, in (60 + 20) min, the temperature to
(40 £+ 2) °C or (70 + 2) °C and the relative hu-
midity to not lower than 90 %.

At the end of the final cycle, change from the condi-
tions in d) to the conditioning atmosphere (see 5.1)
in (60 + 20) min.

For the number of cycles, see annex A, clause A.2.

midity[nottfower than 90 %
For conditioning after ageing, see %3
b) change, in (60 + 20) min, the temperature to ) .
(=20 4 3) °C or (—40 4 3) °C and expose for A typical cycle, in which the temperafure of the first
(2 + 1) h: N stage is taken as 40 °C, that of the sgcond stage as
- —20 °C and that of the thifd stage as 40 °C. is shown
in figure D.3.
g
o 4+
S I (44 h
E (50" 5) % R.H.
£
[}
[
40 (15 = 1)h Cycle repeated
Not less than 90 % R.H. 1 umes
0 t f t t 1 } —+ t + } 4
2 b 6 8 10 15 30
Exposure peridd (h)
_20_77*_;7 —_— e —
(2x1)h
Figure D[3 < Typical conditions for cycle D3, in which the temperatures of the first, second and third stages
are 40 "C, —20 °C and 70 °C, respectively
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D.4 Cycle D4 — Humid-heat and cold
cycle

This cycle requires a programmable humid chamber
(5.3) capable of maintaining the required conditions
of temperature and humidity and able to change the
conditions in the time specified in each case.

The cycle consists of the following operations:

a) increase the temperature from ambient to
(70 + 2) °C in 30 min (this operation is carried

b) expose for 5 h + 20 min at (70 + 2) °C and at a
relative humidity not lower than 80 %;

c) change the temperature, in (60 + 20) min, to
(—40 + 3) °C and expose for 5 h + 20 min;

d) change the temperature, in (60 4 20) min, to
(70 + 2) °C.

For the number of cycles, see annex A, clause A.2.

For conditioning after ageing, see 7.3.

out at the bdginning of the first cycle only);

Not less than 90 % R.H.

Temperature (°C)

A typical cycle I1s shown I figure U.4.

Cycle repeated

\ |
| |
| |
| 1
l | n times
\ V
| |
| |
| |
| R S SR SH  EE—
| B 9 10 M 1213
| l
| \
| l
- o
5h+20min ; || 1h*20min

Exposure period (h)

Figure D.4 — A typical humid-heat and cold cycle

10


https://standardsiso.com/api/?name=6d4ad0a4fd5c63b3a9b6cbf274ee13dc

ISO 9142:1990(E)

D.5 Cycle D5 — Dry-heat, humid-heat and The cycle consists of the following exposure periods:

cold cycle a) (48 + 1) h in chamber A;

This cycle requires three chambers as follows: b) (48 + 1) h in chamber B:

-- a dry-heat chamber A (5.2), kept at a temper-
ature of (55 4+ 2) °C and at a relative humidily
lower than 15 %;

c) (24 + 1) h in chamber C;

d) (48 + 1) h in chamber B.

— a humid chamber B (5.3), kept at a temperature For the number of cycles, see annex A, clause A.9.
of (40 + 2) °C and at a relative humidity not
lower than 90 %:; For conditioning after ageing, see 7.3.
— a cold[chamber C (5.4), kept at a temperature of A typical cycle is shown in figure D;5.
(--20 4 2) °C.
o
3 80T
2|l N
o
€ 40T Lessthan15% R.H. T
£ I
= |
or=———-—- ' Cycle [repeated
More than 90 % R.H. More than 90 % R.H. t n timgs
30+ ‘
20+ |
|
+ + + +
|
0 % : % % f —t
1 2 3 IA 5 6 7 8
-1p+ Exposure period (days) '
|
-2pr— - (3 — — — — _—— — —

Figure' D.5 — A typical dry-heat, humid-heat and cold cycle

17
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D.6 Cycle D6 — Immersion in water and b)
drying

NOTE 4 This cycle is recommended for ageing porous
materials (e.g. wood).

The cycle requires two chambers, as follows:

— a conlrolled-pressure chamber A (5.5), kept at a
temperature of (23 + 2) °C and the pressure of
which is increased to 0,6 MPa and lowered to an
underpressure of 0,092 MPa;

e)

change the pressure to 0,6 MPa and expose for
2 h;

change the pressure to 0,092 MPa and expose
for 15 min;

change the pressure to 0,6 MPa and expose for
2 h;

transfer to chamber B and expose for 10 days.

For conditioning afler ageing, see 7.3.

_ For materials whose moisture content thanges
— a humid chgmber B (5.3), kept at a temperature slowly (e.g. wood), mechanical tests shdll\bg carried
of (234+2)[C and at a relative humidity of out, if required, either taking accountiofthe moisture
(30 + 5) %. content of the material at the timerof test or| extend-
. i th ditioning time t btai i i
The cycle consipts of the following operations: ing the conditioning time fo obtaia given moisture
content.
a) expose the fest specimens, immersed in water, A typical cycle is shown in-figure D 6.
for 15 min in chamber A at an underpressure of
0,092 MPa;
Exposure period in chamber A:
4 h + 30 min
o — — — — — — — — — —— — — — — — -
g
= 06T
<t
2
g 05T
o
0,4 Exposure period in chamber B:
1/4 1 10 days, at (30 + 5) % R.H.
0,3T I . — —— — — — — — — — ’{
02
01+ j
Veh 7] e 20 Sl 2h
0+ H——t—rt S o s s s
1 2 3 I 123 4567891
- 0,1 ‘f‘_d Exposure period (h) Exposure period (dpys)
Figure D.6 — A typical cycle for immersion in water and drying

12
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D.7 Cycle D7 — Alternating immersion in
water and drying

NOTE 5 This cycle is recommended for ageing porous
materials (laminates, etc.).

ISO 9142:1990(E)

expose for 8 h in chamber B:

expose, re-immersed in water, for 16 h in cham-
ber A;

d) expose for 8 h in chamber B;
The cycle requires two chambers, as follows: . . .
e) expose, re-immersed in water, for 16 h in cham-
— a dry-heat chamber A (5.2), kept at a temper- ber A;
ature of (23 + 2) °C; .
f) expose for 8 h in chamber B;
— a humid chamber B (5.3), kept at a temperature . . L L .
Or (55 —i': Z) (-, and a[ a l’e|8t|Ve hl]’n'(j'ty or 'ess S[ ; }J\}A\\)D, TETITITTCTroTuU 1T vwWatct, 1TUT 16 '1 ln Cl}an.‘"
er A

than gr equal to 25 %.

The cyclg consists of the following operations:

a) exposg the test specimens, immersed in water,
for 64|h in chamber A;

Conditioning after ageing: nonle; test the specimens
immediately on completionf bf stage|g), i.e. in the

wet condition.

A typical cycle is shgwp'in figure D.7.

Exposure period (h)

Figure(D.7 — A typical cycle for alternating immersion in water and drying

3)
< 70+
g 60T 64h 8h 16h _ 8h 16h_ 8h 16h
g oy — — — — — — — — - — g Dry|ng
= 50+ |
|
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I
 Immersi
20 ~|in watelron
10+ i
0 4 | S i | | + | | } % i ——t
50 100 150
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D.8 Cycle D8 — Immersion in boiling — a dry-heat chamber C (5.2), kept at a temper-

. ature of (23 + 2) °C.
water and drying (23 +2)
) The cycle consists of the following operations:
NOTE 6 This cycle is recommended for ageing porous
materials, in particular laminates bonded with phenolic

. a) expose the test specimen, immersed in water, for
adhesives.

(4 + 0,1) hin chamber A;

The cycle requires three test chambers, as follows: b) expose for 20 h in chamber B:

— a dry-heat chamber A (5.2), kept at a temper-
ature of (100 + 2) °C (since water boils at 100 °C
only at an atmospheric pressure of 0,1 MPa, the

c) expose, re-immersed in water, for (4 + 0,1) h in
chamber A;

temperature|of the boiling water is a variable and -
shall be reporied): d) expose for 1 h in chamber C.
. Conditioning after ageing: none; testjthe sppcimens
— a humid chgmber B (5.3), kept at a temperature immediately on completion of stage.d), i.d. in the
of (65 %+ 2) IC [when testing laminates, a tem- wet condition.
perature of {50 + 2) °C shall be used in order to
ensure commonality with existing procedures] A typical cycle is shown in figure D.8.
and at a relative humidity of (30 + 5) %;
Immersion Immersion
s in water in water
s+ M
2 |
2
5 |
] 4
§ |
K
8Q-1 |
1 |
|
6q+ ‘
_:_ o Drying {
A |
|
420,1)h +0,1h |
ez0by 50 20n s ,1)*__}_”1_
20 —
|
0 } { } } } f } t f f t f f e
10 20 30

Exposure period (h)

Figure D.8 — A typical cycle for immersion in boiling water and drying
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D.9 Cycle D9 — Immersion in boiling
water followed by drying, and then dry heat
and re-immersion in boiling water

NOTE 7 This cycle is recommended for testing wood
laminates.

The cycle requires three dry-heat chambers (5.2),
as follows:

— chamber A, kept .at a temperature of
(100 + 2) °C (since water boils at 100 °C only at

ISO 9142:1990(E)

— chamber C, kept at a temperature of
(105 4+ 3) °C and provided with a controlled air-
flow of (1,75 + 0,3) m/s.

The cycle consists of the following operations:

a) expose the test specimens, immersed in water,
for 10 min in chamber A;

b) expose for 4 min in chamber B;

c) expose for 57 min in chamber C.

an atmospheric pressure of 0,1 MPa, the tem- For the number of cycles, see annex |, clause A.2.
peratufre of the boiling water is a variable and L ) )
shall He reported); Conditioning after ageing: at thé_end pf the final cy-
cle, transfer to water at (23 4 2)°C and maintain for
— chamtler B, kept at a temperature of (23 + 2) °C at least 3 days. Testing shalllbe carrled out on wet
and provided with a controlled air-flow of specimens.
(1,75 4 0,3) m/s; A typical test cycle is.shown in figure D.9.
5 Dry heat |
95 10 Immersion o
5 in water |
& 100
g |
£
2 90+ ‘ Cycle repeated
n times
804 |
70+ ‘
60+ “
501 I
LO—+ |
301+ l
20 DPrying |
10 10mi i i |
—Qm—@—r—m'ﬂ’——ﬂ———— ———5—7-@'1— —_——— e — — —
0 1 i f | l i H 1
10 20 30 40 50 60 70 80
Exposure period (min)

Figure D.9 — A typical cycle for immersion in boiling water followed by drying, and then dry heat and
re-immersion in boiling water
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