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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
Commissipn (TEC) 0N all matters o1 electrotechnical standardization.

Internationjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 3

Draft Inte:l‘national Standards adopted by technical committees are circulated to the member bodigs for voting.
Publication as an International Standard requires approval by at least 75% of the member bodies castirjg a vote.

Internationjal Standard 1SO 11561 was prepared by Technical Committee ISO/TC 163, Thermal insulation,
Subcomm|ttee SC 1, Test and measurement methods.

Annexes A and B of this International Standard are for information only.
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The purpose of this International Standard is to determine the ageing (long-term decrease in thermal resistance) of
closed-cell cellular plastic materials and products which have properties that, due to diffusion of contained gases,
change with time. The thermal resistance and its rate of change will vary with product variability, temperature and
thickness, and also within the thickness due to cross-sectional variability and the effects of natural or applied
surface skins or protective facings.
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3 Terms and definitions

For the purposes of this International Standard, the terms and definitions given in ISO 7345 and ISO 9346, and the
following apply.

NOTE A list of symbols is given in Table 1.

3.1

ageing

process by which the physical, mechanical and thermal properties of a material, product, or system change with
time

NOTE 1 Actelerated tests can introduce effects that will not occur during natural ageing. Care should bejfaken when
developing sugh test methods and methods of evaluation of test results.

NOTE 2 Expamples of ageing processes are the settling of some low-density fibrous materials and gas diffusion in cellular
plastics.

NOTE 3 WHatever the process, ageing is always strongly related to the environmental or service conditions t¢ which the
material, product or system is exposed and to its shape, size and finish. Accurate prediction(fyageing effects shpuld always
consider thesg items.

3.2

aged value
value of a groperty of a material, product or system after exposure to“known environmental condifions for a
specified time

3.3
accelerated aged value
aged value gbtained through laboratory test or through reproducible prediction models for a specified tifne interval
and specified environmental conditions aimed at reproducing-frequently encountered service conditions

NOTE The actual size, working environment and expected life-time should be compared carefully with those implied in the
definition of anp aged value.

3.4
design life-time
time interval during which an installed material, product or system should maintain its design performance

NOTE Life-time depends upon thesserviceability of the installation, for example, the design life-time for a thermal insulation
material, prodyict or system used in a-building might be at least 25 years.

35
effective diffysion coefficient
material progerty which.relates the rate of gas transport to the gas pressure difference across the material having a
specific thickhess at aspecific temperature

3.6
primary stage
portion of the ageing process where changes in thermal properties are influenced primarily by diffusion of gaseous
components such as nitrogen and oxygen into or out of the closed-cell material

3.7
scaling factor
ratio of the squares of the product and test specimen thicknesses

NOTE This ratio represents the acceleration rate being applied to the ageing process of a cellular plastic due to thickness
differences.
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3.8

secondary stage

portion of the ageing process where changes in thermal properties are influenced primarily by the diffusion of
blowing agents usually high molecular weight gases out of the closed-cell material

3.9

thickness of damaged surface layer (TDSL)

average thickness of surface cells, on one surface, which are ruptured or otherwise damaged during preparation of
the test specimen

3.10
transition paint

estimated [age of a closed-cell cellular plastic when the ageing process changes from the primary\jo secondary
stage

NOTE This is also called the transfer point.

Table 1 — Symbols

Sympol Quantity Unit
al thermal diffusivity (thermal diffusion coefficient) m3/s
A thermal conductivity W/(mIK)
Jo density kg/m3
Cy specific heat capacity at constant pressure JI(kgK)
D effective gas diffusion coefficient m3/s
D effective gas diffusion coefficient of a referénce slab m3/s
d thickness of specimen (slices) n
d thickness of a reference slab n}
H numerical coefficient
F Fourier number
i day i of ageing period dagy
n ageing period days
r thermal resistivity. mEByW
rq initial thernyal resistivity miE/W
Iy thermal resistivity of a test specimen after time t mEByW
R thermal resistance m2H/W
Ry, average thermal resistance during ageing period m2K/W
R initial thermal resistance m2H/W
R thermal resistance of a test specimen after time t m2K/W
R, thermal resistance on last day of ageing period m4K/W
S scaling factor
t time day
tg initial time day
T temperature K
T, T uniform surface temperatures of a heated or cooled slab K
Tm mean slab temperature K
TDSL thickness of damaged surface layer m
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4 Test methods — General
4.1 Conditions

A summary of the analytical model that serves as the basis for the slicing and scaling method is given in annex A.
The experimental procedure is based on the assumption that the material characteristics of thin specimens are
equivalent to those of the material being investigated, i.e. specimens of reduced thickness have the same effective
diffusion coefficient and initial cell gas content as those of the full-thickness material and that one-dimensional
diffusion is the dominating factor.

Conditioning of full-thickness samples to obtain a service life 25 years or longer value requires too long a period of
testing.

4.2 Effects|of influencing parameters

Annex A alsq contains brief details of other important factors which affect the ageing process;

O errors dijie to small thickness used;

thickness of damaged surface layers;
ageing grior to preparation of specimen;

inhomogeneities in the material,

O o o O

high and/or inconsistent open-cell content.

5 Method
materials

A — Test to determine time-dependent change in thermal properties of core

5.1 Principle
Method A is
conditioning
and, from ea

a general procedure for determining’ change in thermal resistance at any time due tp reduced
ime. Random samples of a cellular plastic product having a thickness greater than 25 mm aile selected
Ch, separate thin test specimens are prepared having a uniform thickness of approximately 10 mm, but
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of preparatio|
TDSLisno d
made at regy
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age of the ageifig process. A value for the aged thermal resistance of the product is then o

the effects
Ch that the
imens are
ues of the
ry into the
ptained by
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5.2 Samplipg
Select in co
possible an
content within the sample is stabilized and representative of the initial conditions.

S soon as
e cell gas

fermance with appropriate standard sampling procedures. The pieces shall be prepared g

nractical after nroduction (a2 recommended-minimum-of 3 davs) Thic is 1o ancure that th
practicatarerproadection{atecoimeRae R R—oH=—aaySs)—+HSsiISsto—-erRstethat

5.3 Preparation of specimens

5.3.1 Condition the block, board, spray-applied or foamed-in-place samples at (23 £ 2) °C and (50 £ 5) % relative
humidity of air in a climate-controlled room (usually less than 2 days).

5.3.2 Depending upon the original thickness cut or otherwise, prepare each sample into separate thin slices of
uniform thickness. Discard a surface slice if it is protected by any type of diffusion-tight membrane. The overall area
should be not less than the equivalent minimum metering area of the test apparatus. To avoid undue warpage of a
test specimen for large total area apparatus, it may be necessary to cut slices as two pieces: one to provide the
central test section a little larger than the apparatus metering area, plus a second surrounding annular section of the
same thickness.
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5.3.3 When measurements are to be carried out on several slices stacked together, the edges of each should be
marked to ensure that correct realignment of the stack can be maintained after slicing, conditioning of separate
slices, and testing.

NOTE Several suitable general techniques for slicing and preparing uniformly thick specimens with minimum amounts of
surface damage have been developed and shown to provide repeatable and comparable results.

Mount the sample on a lathe, holding it in position by means of air suction. Perform the slicing by multiple cuts on
alternate surfaces with a counter-rotating, delicatessen-type, meat-slicing blade.

The sample may be similarly sliced using a band saw with a fine tooth blade. Mount the slice on the vacuum table of
a grinding machine and maintain it in position by air suction. Multiple cuts are performed on alternate surfaces to
obtain the[required thickness.

For therm@plastic materials, a thin hot-wire cutter may be used.
5.4 Meagurement of dimensions of slices

5.4.1 Meagsure the length and width of each slice to + 2 mm.
5.4.2 Megsure the thickness of each slice to = 0,02 mm. For a stack of slices, measure the thickness {o £ 0,2 mm.

5.4.3 If @ thermal resistivity value is required, calculate an effective thickness by reducing the valug obtained in
5.4.2 by the thickness of the damaged surface layer (TDSL), obtairied by measurement, or usel the amount
equivalent to two cell diameters.

NOTE -or many materials one cell diameter has been found to be représentative of the TDSL.

5.4.4 It i recommended that steps 5.4.1 and 5.4.2 be repeated on one slice after the measurements of thermal
resistancel have been completed, in order to ascertain that-dimensional or other changes have not ocgurred during
the test pgriod.

5.5 Measurement of thermal resistance and.resistivity of slices

5.5.1 Megasurements shall be undertaken\at one selected temperature either in accordance wijth 1SO 8301
(standard heat flow meter method) or IS© 8302 (guarded hot plate methods) in a climate-controlled rgom. When a
specimen [of stacked, separately conditioned, slices is measured, a sufficient number shall be stacked together to
ensure thgt the thickness-independentthermal conductivity is obtained.

NOTE Fxperience has indicated-that for a density greater than 30 kg/m3, a thickness in excess of 40 mm is ddequate.

5.5.2 The recommended~mean temperatures of the test are either (10+2)°C or (23 +2) °C. The maximum
temperatufe difference €stablished across the test specimen shall not exceed (24 + 1) °C or be less thgn 5 °C.

NOTE The meantemperature should not affect the relative behaviour. Two mean test temperatures have bgen included to
allow for th¢ differences between the practices used in Europe and elsewhere in the world.

5.5.3 Deiﬁrmine the initial thermal resistance R, (also, if needed, the derived thermal resistivity rg)[of the single
slice or stacked slices in accordance wi € slected standard method more than one day aiter slicing.
5.5.4 Condition the slices separately at (23 £ 2) °C and (50 £ 5) % RH and determine the thermal resistance R, at

regular intervals following each conditioning period. Calculate the relative thermal resistance ratio R/R, and plot the
value versus the logarithm of time. (If required the relative thermal resistivity ratio may be used.)

5.5.5 Repeat step 5.5.4 until the values of R/R, or r/ry provide a linear relationship in the plateau regime beyond
the transition point (see figure A.1).

5.6 Calculation of long-term thermal resistance for a product

5.6.1 Although different thicknesses of "thin" specimens are being used, a standard or reference value of 10 mm is
recommended in order that reliable comparisons of results can be made.
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5.6.2 Determine the average of the thermal resistance values of the specimens and, using the scaling factor
concept, convert the curve of experimental results obtained in 5.5 to one for a 10 mm thickness using equation
(A.11).

5.6.3 Use the value obtained in 5.6.2 with a scaling factor to derive the thermal resistance of the full thickness of
the number of samples tested at the specific time required.

5.6.4 As an example, the thermal resistance after 25 years R,5, and an average value R, 55 over the same period
for a 50 mm thick product can be derived as follows.

a) Thermal resistance after 25 years for a 50 mm product:

A period of |25 years is 9125 days. Thus for a thickness of 10 mm and according to equation (Axl1), this is
equivalent to|a time:

t = 9125|S= 9125 (10/50)2 = 365 jours (1)
From the curje obtained for the 10 mm slices, determine the thermal resistivity at day 365, 1(10;365),
thus

r(50;9125) = r(10;365) 2)
and

Ry = 0,05r(50;9125) 3)
b) Average thermal resistance over 25 years for a 50 mm product:

According to|equation (A.5), the average thermal resistivity over 25 years (9125 days) will be equal to the thermal
resistivity aftgr 9125/4/10 = 2886 days.

Thus for a slice thickness of 10 mm, this is equivalent tera time
t = 2886(S = 2886 (10/50)2 = 115 days )
From the curje obtained for the 10 mm slices, determine the thermal resistivity at day 115, r(10;115),
thus
rav(50;9125) = r(50;2886) = r(16;115) (5)
and

RaV,ZS = )yosrav(50;9125) (6)

5.6.5 Wherg required, determine appropriate aged thermal resistance values for the product by applying a scaling
factor.

6 Method B — Simplified test to determine a design life-time thermal resistance of an
unfaced product

6.1 Principle

Method B is based on principles and criteria described clauses 4 and 5. It involves measuring the thermal
resistance of a stack of approximately 10 mm thick slices cut from the original product after they have been
conditioned at room temperature individually for (91 £+ 7) days. The method has been shown experimentally to yield
a (25 x 2) year value for a thickness of 100 mm. For other thicknesses, there may be a small error which is a
function of the diffusion coefficient and thermal conductivities of the gases in question.

NOTE This has been found to have less than a 5 % effect for practical thicknesses.
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edure

Select replicate samples and test pieces in accordance with 5.2. The period between the production and

preparatio

n of test pieces shall not exceed 1 year.

Mark the edges of test pieces to ensure that correct realignment of a stack of the specimen slices can be attained
after cutting and subsequent conditioning.

Cut each replicate test piece into a humber of thin slices (10 = 1) mm thick, retaining the surface skins where
possible. No additional surface preparation is required.

Measure t
Condition
Following
Measure t

(20 £ 2) °d
be stacke(

Average the results of the appropriate number of replicates.

7 Precis

Due to the
on the pre

For metho
between 4

For methg
that agree

8 Testr

The test rd

1< t: Iibkl IS5 Uf Cab:l b“bC al Id Uf Cclbh Dtabk Uf lca“gl ICL; b“be IUL':'I:UIC al Id aftcl CUI |u'itiw Iil Y.
he individual slices at (23 + 2) °C and (50 = 5) % RH for (91 £ 7) days.
he conditioning, reassemble the specimens into replicate complete stacks.

ne thermal resistance of each stack in accordance with 1ISO 8301 or ISO 8302 "at a mean td

together to ensure that the thickness-independent thermal conductivity-is obtained.

ion

long time periods involved in obtaining data on full sized specimens, no definitive statement
cision and bias of this method.

d A, limited information available from a study.in the USA over 3 to 5 years indicates that th
ctual performance and that derived fromslicing and scaling tests is much better than 10 %.

d B, results from tests in Scandinavia-over longer periods of time on 100 mm thick specin
ment between the results by the two’methods is within 5 %.

eport
port shall contain at'i€ast the following information:

ails necessary,to/identify the product tested,;

rence to4his International Standard (ISO 11561) and a statement of compliance, including
ions;

a) allde
b) arefg

devial
c) identi

mperature of

or (23 £ 2) °C and a maximum temperature difference of (24 + 1) °C. A¢sufficient number ¢f slices shall

can be made

e agreement

nens indicate

a list of any

ication of testing organization;

d) identification of client or sponsor of the test;

e) date of manufacture, where known, and date of receipt for evaluation;

f)  date and details of specimen preparation;

g) use of method A or method B;

h) description of test specimens and their relationship to the sample supplied;

i) dimensions, mass and derived bulk density;

j) effecti

ve thicknesses of test specimen where required;
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k) description of test apparatus, including references to appropriate International Standard and any deviations;
[) mean temperature and temperature difference used in the tests;

m) date of start of test period on single slices or of conditioning of slices of a stack and dates of subsequent
thermal resistance tests on single slices, or thermal resistance tests on stacked slices;

n) long-term thermal resistance value(s) for required time period(s) using the averaged results on one or more
slices of the replicate specimens with appropriate scaling factor(s);

0) a design life-time value in accordance with 3.4 from the measurement on the stacked slices of the averaged
values of the replicate specimens using the simplified test.
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Annex A
(informative)

Analytical model

A.1 Accelerated ageing

Several "3
thermal p

methods ipvolve measurements at regular time intervals from some initial or "zero" time of thesthermal

a uniforml

ambient ropom temperature. Depending upon the standard, the elevated temperatures range betwed

100 °C, at

been used.

The long-ferm thermal resistance of the specimens is then determined fram"an extrapolation, bag

mathemat
varying cd
allowing a
uncertaint

brformance behaviour, and some have been incorporated into national standards. 1n ¢
thick (25 mm or greater) specimen(s), conditioned either at some controlled €levated temy

d times vary from 90 days to 10 days. Also, the conditions 180 days or lenger at room temq

cal model, of the curve generated by plotting thermal resistancé against time. A number
mplexity have been developed, especially over the last 1Q‘years. These have been in

in the derived long-term resistance value.

None of

h
estimatingllong—term thermal resistance. For some materials, in addition to increasing gas diffusion

order of
normally €
ageing prq
agents to

e above procedures has proved to be totally ssatisfactory as a generally accepted

agnitude, exposure to elevated isothermal temperatures for long periods of times (i.e. ¢
xperienced by the material in use) can or may cause other changes in properties not assoc
cess and thus provide incorrect information. Furthermore, recent intense search for altern
eplace CFCs requires that a more rapidtest method be available.

ccelerated” ageing tests have been developed over the years in an attempt to determine {he long-term

eneral these
resistance of
erature or at
n 60 °C and
erature have

ed on some
of models of
strumental in

N improved understanding of the ageing process to be obtained and also in reducing, to some extent, the

rocedure for
rates by an
pnditions not
ated with the
ative blowing

Thus the most acceptable method would require that the elevated temperature parameter be elimingted and that

conditioni
thicknessdq
cellular pl
thermal pg

The prese
technique.

A2 Ch

g be carried out at or closé\to room temperature. This involves either longer times
s. Significant and promising research work has been carried out in various countries on diffd
hstics using test specimens having uniform thicknesses of 10 mm or less and measuring
rformance over muchshorter time periods.

ht test methods are)based on using this concept, which is commonly described as the slicin

pice ofthin specimen

In most sfudies of ageing of cellular plastics, the thermal resistivity r (the reciprocal of thermal cd

or reduced
rent types of
changes of

j and scaling

nductivity) is

expressed

as a function of the logarithm of time:

r=F (logt)

(A1)

Furthermore, the results are presented as a dimensionless thermal resistivity using a value of r at an initial "zero"
time (usually a few days) as a reference level:

ri/ro=F (logt)

(A.2)

This provides a means to understand the general character of the ageing process without paying undue attention to
absolute values.
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If R, is the thermal resistance after time t and R, , is the average thermal resistance over a period of n days, then:

>

Rav,n = TRt (A.3)
Assuming a logarithmic dependence of R with time, equations (A.1) and (A.2) give:

(R-R)/(Ry-Ry)=1-Igi/lgn (A.4)
where Ry and R, are the thermal resistance on the first and the last day of the ageing period.
Thus the average thermal resistance R,, over n days is equal to the thermal resistance R; after t days, where

n
t = — (A.5)
V10

Consider a pgriod of 25 years (9125 days) as being a reasonable life time for an unslicedrcellular plastic. [Then it will
take a period of 9125/3,16 or 2886 days to establish an average thermal resistance valUe.
A.3 Analqgy of heat and mass transfer
Both the ingfess of nitrogen and oxygen into a closed-cell cellular plastie. slab and the egress of a bloying agent
from the cell$ can be described in a manner analogous to that used tp_describe heating or cooling of a slap.
Consider a sfab at uniform temperature T,, having its surface lowered to T,. The mean slab temperature T, is given
by:

T=(To + To/(T; — T,) = 8T2Z 1/(2n+)exp [- Fo(2n+)?1°] (n=0) (A.6)
where

ot

Fo=?=/1/pcp (A7)
For large values of Fj (i.e. long times.or small thicknesses), the series in equation (A.6) converges rapidly. Thus
equation (A.9) can be simplified to:

(T = To)/(Ty =~ T,) = 8T2eXp)(—FoTP) (A.8)
This implies that for a particular value of time (for a given thickness and thermal diffusivity), the process is strictly
exponential. [This is called the advanced stage of the diffusion process. Gas transfer can be treated sinpilarly as a
diffusion pro¢ess where gas pressure corresponds to temperature, rate of pressure change to temperatufe change,
and effective|gas.diffusion coefficient to thermal diffusivity.

Thus gas-transfer phenomena can be analysed similarly with the aid of equations (A.6) and (A.8). Equation (A.8)
indicates that the logarithm of relative (dimensionless) pressure depends linearly on F, for large values of Fy, while
equation (A.6) states that it is always proportional to Fj. To the extent that equation (A.6) describes the gas transfer
process providing F is constant, the scaling of the transfer process is carried out by determining the rate of
diffusion for a thin specimen and relating it to a thick one. Thus to compare the diffusion rate evaluated for a slab
with any set of properties (d and D) with a reference slab (d,, D) the measured ageing time must be multiplied by a
scaling factor:

t:tos

S= (dy2D/d2D,)

10
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Assuming that D = D, for the material in question (i.e. it is homogeneous), the scaling factor may be expressed as a
ratio involving thickness only, i.e.

S= dy2/d?

EXAMPLE

t10

1100(d10)° _ 55, 365

(0,01)?

01)2

=91 days
(d100)

(A.11)

(A.12)

A.4 Mo

Various
resistivity

pelling of the ageing process and use of scaling factors

odels are available to illustrate the typical changes experienced in the ageing precess.

time, temperature and effective diffusion coefficients of the nitrogen, oxygen and high¢melecular-w

agent affe

Using a gi
Each of th
since its 1
oxygen is
four times
relative co

A typical

schematic
secondaryf
performan

The effect
the time p

Figures A
is seen th
specimens
obtained.

A5 Eff¢

The advan
can be usg
number of
factors de
diffusion ¢

Cting the cell gas compositions).

Ven set of parameters for an “ideal” material, a model can be used to calculate the ageing ch
e cell gases can be treated separately and the high-molecular-weight blowing agent alone h

Six times higher than that for nitrogen, the latter gas plays the deminant role because its co
that of oxygen. However, changes in thermal performance due/to air entering the cells and
hcentration of high-molecular-weight blowing agent become, readily apparent.

calculated characteristic curve of ageing for three> thicknesses of an ideal material

Ally in Figure A.1. The ageing can be represented approximately by separate linear fits to a
stage. The transition point (in practice a zone) plays an important role in the analys

ce of cellular plastics since it corresponds to thé’change in the rate of the diffusion process.

of thickness on the characteristics of theiageing curve is readily apparent. As the thicknes
briod is also reduced until the thermal resistivities become an exponential function of time.

2 and A.3 present experimental curves against time and scaled time using two thicknesses

provide data from which the)corresponding behaviour of a thick specimen of the same ma3

pcts of influepeing parameters

tages in the\approach of using thin specimens and scaling factors are that this relatively sim
d irrespective of gas content, diffusion coefficient, cell size or radiative properties of the polyme]
factors,have to be considered in the overall application of the method. In particular, the applica
berids 'upon two parameters, namely the ratio of the square of thicknesses, and the ratio of
pnstants. Thus it is essential that measurements be made on a "correct" effective thickness. |

The thermal

bf the cell-gas changes, both as a function of location in the slab and the conditier of agging (elapsed

pight blowing

aracteristics.
hs little effect

nolar concentration does not change in the absence of other gas€s; even though the diffyision rate for

ncentration is
lowering the

is illustrated
rimary and a
s of thermal

5 is reduced,

pf material. It

at by using the scaling facton'S all layers now follow a common curve. Thus measurenjents on thin

iterial can be

ble technique
. However, a
ion of scaling
the effective
N addition the

material or product studied should have uniform properties through the thickness (i.e. the diffusion constants should not
differ widely between surface and core layers).

A.5.1 Thickness errors

In practice, actual test specimens are generally of the order of 10 mm in the thickness. Currently, methods of
preparing pieces of suitable area for the thermal resistance measurements can achieve a uniform thickness in the
above regime with a maximum deviation of £10 % and generally much less.
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Normalized thermal resistance
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Flgure A.1 — Relative thermal resistance of three thicknesses of a cellular plastic foam

after application of a scalingfactor
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Figure A.2 — Normalized thermal resistance of two thicknesses of a rigid closed-cell plastic foam

12

as a function of real time

©1SO


https://standardsiso.com/api/?name=9b0d086e280df50c1478db0411517db7

©1SO ISO 11561:1999(E)

a
=
5 Tk Pri t
o rimary stage o 23 mm
a
“ + 6,1 mm
m
E |
£ 09 |
: |
N
™ :
£
7O 018 [ ..
A\ »
i 5, Secondary stage
07 Transition point
0g Ll | | | | |

10 100 1000 10 000 100 000 1 000 000
Relative fime, days

Figufe A.3 — Normalized thermal resistance of two thicknesses of a rigid closed-cell plastic foam
after application of the scaling factor

A.5.2 Damaged surface layers

Cutting off test specimens will increase the fractioh)of open cells in the particular material. This,|reduces the
"effective"|thickness of the specimen and becomes-more significant as the overall thickness is reducgd. To correct
for this reduction in thickness, the concept of TDSL has been introduced.

Measurements of effective specimen velume using either a gas burette or air comparison pychometer and
comparing this to the measured geometric volume provides the most accurate means of obtaining|the effective
thickness.|The former is the most stitable and precise for specimens having a large surface-to-volume ratio, but a
standard test method has not yetbeen developed.

In general} it has been found-that this surface layer damage amounts to a maximum of one cell diameter on each
cut surface. This is the amount that is recommended to be used until a suitable test method has been developed.
The use of ratios of values minimizes the effects of this parameter.

The impadt of airinthe surface cells of a product can be estimated approximately as follows:

2= | Cds—2X (A.13)

dsTAs=2X 1 Zar

Here A, corresponds to a cellular plastic with a certain cell diameter x filled with air. For a cell diameter of 0,5 mm,
the value of A is 0,038 W/mIK. (This will vary from product to product.)

Thus, for a 100 mm thick product with a 0,5 mm cell diameter

_ 0,01-0,001
0,01/0,028 -0,001/0,038

= 0,0272 WimK (A.14)

The corresponding measured value was found to be 0,028 W/mIK.
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A.5.3 Ageing prior to preparation of test specimen

In studies of ageing phenomena, tests have usually been undertaken on test specimens prepared "immediately"
(usually less that 5 days) after manufacture. In practice, however, the time between manufacture and test specimen
preparation may be much longer. This parameter can influence the length of the conditioning period.

A.5.4 Material inhomogeneities

In practice many "homogeneous" cellular plastic materials consist of a uniform core of closed cells of a material of a
relatively constant density bounded by higher density surface layers. In some cases, the open cell content may
exceed 10 % or there may be open cell non-uniformities within the core. In addition, for cellular plastics products a
wide variety @ e : e often i e ' e

These differifg surface layers will affect the diffusion constants differently from those for the core material| Thus, the
current methjpd applies to the core only or to material where it can be shown that the diffusion ratés foy core and
skin layers @re similar (<10 %) such that an average value can be used. Alternatively cerrections fo material
inhomogenities may be considered.

14
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Annex B
(informative)

Example of the determination of long-term thermal resistance
of faced products

1ermal insulation and/or one or both of the surfaces are covered with coatings, facings, m

pefficient can be assumed to exist for the total thickness including the higher density 1ayers.

in practice, most current cellular plastic thermal insulation products, especially those
nes (including polyisocyanurates) and phenolics, are composites. They are cambined with I3

ce skins, all serving some functional purpose depending upon the praduct application. In
5 are applied as an integral part of the product during the continuous-line foam production p|
hey are applied separately following manufacture and cutting of the core foam material.

5e added surface layers will affect immediately the rate of diffusion of any fluids into or out o

present method is not satisfactory for determining the Iong-term thermal resistance of th
n general, the ageing of the faced product will be slower‘than that of the core foam alone.

ping factors
O characteristics of these faced products.is a somewhat complex subject due to the effeg
non-reproducible variables on the behaviour of the core. Thus, the core material may havg
but the product based on the core may-exhibit highly variable behaviour, even between lots.
pe and permeability of applied covering

rent coverings are used dnd many thicknesses can be involved depending upon the applicat
, where thermal insufation layers (e.g. perlite or fibrous) are added to form a composite
spray-applied{products, various types of polymer or similar coatings are used at differen
than 0,5mm to well in excess of 1 mm). Providing they are applied correctly, these low

npede gas’exchange, depending upon both gas permeability and thickness.

ty_of'faced products are those having two so-called "impermeable” facings other than thick

ht test method has been developed for unfaced homogeneous materials where an approxinpate constant

based upon,
yers of other
embranes or
some cases,
rocess, while

the product.
ese practical

ts of several
well-defined

on.

product, the

materials have highygas permeability, and any overall effects on the ageing behaviour is relagvely small.

thicknesses
permeability

metal sheets

applied to

+la £ T £ H ] ] £ ] HO- £l ] i o fil Haf
uic oSuriatCo. TTicot Lall vary 1mullt olfiyiT 1aytTlro Ul Alulrtiminulrtt U, JiaotLo aru oty

ced plastics,

papers and, more recently, composite layers of combinations of the above. In general, the thicknesses used are
much less than 0,25 mm and often less than 0,1 mm. These types of material have low gas permeability and can be
very effective barriers to ageing providing that the facing remains completely whole. However, as the facing
thickness is reduced, there is a tendency for pin holes, flaws and similar imperfections to occur. Thus, gas
permeability increases due not only to the reduced thickness but also to the imperfections, resulting in an overall
loss of effectiveness.

B.2.2 Adhesion of applied covering

The effectiveness of the facing also depends upon the use of a low-permeability adhesive and complete adhesion of
the facing to the total surface of the product. Poor adhesion is manifested by the appearance of bubbles or wrinkles
at the surface.
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