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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-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 documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documérnt may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This| document was prepared by Technical ‘\Committee ISO/TC 20, Aircraft and spqce vehicles,
Subcpmmittee SC 14, Space systems and operations.

This|second edition cancels and replacesthe first edition (ISO 16378:2013), which has been technically
reviged.

The rain changes are as follows;
— ipdated terms and definitions according to the referenced document revision;
— 1evised descriptionfef sample thickness precision requirements;

— dleleted solar absorptance measurement with central sample mounting sphere.

Any feedback er\questions on this document should be directed to the user’s national standprds body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Solar absorptance and infrared emittance are the key parameters of materials for both active and
passive thermal design of space systems.

This document describes the methodology, instruments, equipment, and samples used to calculate the
key parameters of thermal-control materials, i.e. solar absorptance (a, or a;,) and the infrared emittance
(¢, or €,). The measurements defined in this document are performed at ground test facilities with the
purpose of obtaining material properties. The measured properties are used for material selection,
thermal design of spacecraft process control quality control etc. Also, on- orblt temperature data in
the beginninpg 5 -
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Space systems — Measurements of thermo-optical
properties of thermal control materials

1 Scope

This document specifies the multiple measurement methods, instruments, equipment, and samples

used
thein
defin

This
calcy

a)
b) §
c |
d) 1
e) |
f) 1

2 Normative references

Ther]

Fort
ISO 4
— 1
— 1
31

Terms and definitions

to calcutate tire thermo-optical properties of thernrat controt matertats: T hisdocurmme
features, indicates their limitations and biases, and guides the applications. Thisydo
es requirements for calibration and reference materials to ensure data quality.

document specifies the following test methods, including the configuration of s
lations.

olar absorptance using a spectrophotometer (a,) — Annex A.

olar absorptance using the comparative test method (@,) — Annex B.
lemispherical infrared emittance using the thermal test mettiod (g;,..) — Annex C.
Normal infrared emittance using an IR spectrometer (&, ) — Annex D.

Normal infrared emittance using ellipsoid collector-optics (g,..) — Annex E.

Normal infrared emittance using two rotating cavities (¢,..) — Annex F.

e are no normative references in this’<document.

he purposes of this documient, the following terms and definitions apply.
nd IEC maintain terminology databases for use in standardization at the following adc

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

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

1t compares
cument also

amples and

Iresses:

absolrptance
a

quotient of absorbed radiant flux (3.8) and incident radiant flux, expressed by

a=o,/0,

where @, is absorbed radiant flux and @, is incident radiant flux

[SOU
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RCE: ISO 80000-7:2019, 7-31.1]
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3.2
emittance
£

2022(E)

quotient of the radiant exitance of a radiator and the radiant exitance of a Planckian radiator at the
same temperature, expressed by

£=M/Mb

where M is the radiant exitance of a thermal radiator and M, is the radiant exitance of a Planckian
radiator at the same temperature

EXAMPLE

Note 1 to en
exitance M g

Note 2 to ent

Total: If
implicit)

Spectral
[SO 928¢

HemispH
(see ISO

Directio

direction (see ISO 9288).

Normal:

Note 3 to enf]

object, the word “emissivity” can be used. Emissivity'is-a property of a material defined in terms of the emit

of an ideal m
information 4

Emissivity dd

Emittance is
oxidation, th
Although em
conditions se

Total hemispherical emittance.

ry: Total hemispherical exitance M of the considered surface divided by the total hemisph
f the blackbody at the same temperature (see ISO 9288).

ry: The following adjectives should be added to define the conditions.

they are related to the entire spectrum of thermal radiation (this designation can be consider]
(see ISO 9288).

or monochromatic: If they are related to a spectral interval centred on the wavelength ]

).

erical: If they are related to all directions along which a surface€lement can emit or receive rad
0288).

hal: If they are related to the directions of propagationdefined by a solid angle around the dg

If they are related to the normal direction of propagation or incidence to the surface.

ry: When there is a certain need to distinguish a property of a material from a property of

brical

ed as

(see

ation

fined

h real
Lance

nterial that is semi-infinite medium-limiited by optically smooth surface. Annex H provides further

ibout theoretical emissivity and practical emittance.

pends on the temperature atwhich it is determined and wavelength range.
a property of a partjcular object. It is determined by material emissivity, surface rough
e sample’s thermaland mechanical history, surface finish, and measured wavelength 1

ssivity is a major component in determining emittance, the emissivity determined under labor
l[dom agrees with\aetual emittance of a certain sample.

A.T)e (l)dl/TLb(l,T)dl
0

ness,
ange.
atory

0
where
-1

L,(AT) is the spectral Planck distribution of blackbody radiation, Cll_s (eCZ /AT —1) ;

C; is 3,741 77 x 1016 W-m?;

C, is 1,438 8 x 1072 m*K;

T is the absolute temperature, K;

A is the wavelength, m;

[ty (2 ydn omT

0
2 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=b95e766583de05be55caf0bef094e3c0

ISO 16378:2022(E)

o is the Stefan-Boltzmann constant, 5,670 400 (40) x 10-8 W-m2-K"4,

[SOURCE: ISO 80000-7:2019, 7-30.1, modified — The term has been changed to "emittance"; the
EXAMPLE and notes to entry have been added.]

3.3

diffuse
indicating that flux propagates in many directions, as opposed to direct beam, which refers to a
collimated flux

Note 1 to entry: When referring to reflectance (3.9), diffuse reflectance is the ratio of the diffusely reflected part

of th
3.4

Laasl 1o £] o L1 o il H el £ L]
(WIHUIT ] TTIITTITU TTUA TU LHT THITIUTIIU TTU AL

infrared emittance
emittance (3.2) in the infrared range at least from 5 pm to 25 um

3.5

integrating sphere
optidal device, which is used to either get flux proportional to that reflected or transm
sample into a hemisphere or to provide uniform irradiation of a sample'from the whole hen

Note
addit

3.6

1 to entry: It consists of a cavity with apertures for admitting and detecting flux and uj
jonal apertures over which sample and reference specimens arg‘placed.

irradiance

E

e
dens

expr

ity of incident radiant flux (3.8) with respectto area at a point on a real or imagin|
bssed by

H. =do,/dA

whefe @, is radiant flux and A4 is area(see ISO 80000-3) on which the radiant flux is incider|

Note

1 to entry: It is expressed in M}m?2.

[SOURCE: ISO 80000-7:2019,'77.1, modified — Note 1 to entry has been added.]

3.7

near-normal-hemispherical
indidating irradignce (3.6) to be directional near-normal to the specimen surface and t

leavi

3.8
radi
(pe
chan

Ing the surface or medium is collected over an entire hemisphere for detection

nt'flux

tted from a
hisphere

ually having

ary surface,

hat the flux

ge in radiant energy with time, expressed by

@, = dQ,/dt

where @, is the radiant energy emitted, transferred, or received and t is time(ISO 80000-3)

Note

1 to entry: Itis expressed in W.

[SOURCE: ISO 80000-7:2019, 7-4.1, modified — The alternative term "radiant power" has been removed;

note

1 to entry has been added.]
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reflectance

p

quotient of reflected radiant flux (3.8) and incident radiant flux, expressed by

p=o/P

where @ is
[SOURCE: IS

3.10

solar
<radiometri
spectral dis

Note 1 to ent
property, wit

3.12
solar absor]
aS

ratio of the
incident rad

Note 1 to ent

a) Method
for the d

spectral

b) Method
method.
near to

element

3.13

solar irradi
radiation of
area, W-m2

[SOURCE: IS

3.14
spectral
indicating t
interval, AA

iation

m

reflected radiant flux and @, is incident radiant flux

080000-7:2019, 7-31.3]

c> indicating that the radiant flux involved has the Sun as its source or hasthe rel
fribution of solar flux

ry: The adjective “solar” is used for optical field as indicating a weighted avetage of the sp¢

h a standard solar spectral irradiance (3.6) distribution as the weighting function.

ptance

solar (3.10) radiant flux (3.8) absorbed by a material (or{bpdy) to the radiant flux g

ry: Differentiation is made between two methods:

bf spectral measurements using a spectrophotometér:covering the range from 250 nm to 2 50

distribution of solar irradiation as a weighting fénction is calculated.

bf @, measurements using the tools which*m€asure integral reflection factor by using a compa
In tflis case a portable equipment is used'which has a source of irradiation with spectral distrib
solar spectral distribution or when\the registration is performed by using spectral corrg
, which can simulate registration of-solar irradiation flux.

ance
the Sun integrated over the full disk and expressed in SI units of power through a u

0 21348:2007£754.1, modified — Note 1 to entry has been removed.]

hat the-property was evaluated at a specific wavelength, A, within a small waveld
about A

ative

bctral

f the

0 nm

etermination of a.. In this case a weighted meaiiivalue of spectral characteristics with standard

rison
ution
cting

hit of

ngth

Note 1 to entry: The parameters of frequency, v, wave number, k, or photon energy can be substituted for
wavelength, 4, in this definition.

Note 2 to entry: At a specific wavelength, the wavelength at which the spectral concentration was evaluated can
be indicated by the wavelength in parentheses following the symbol, such as a,(350 nm), or as a function of the
wavelength, such as a(4).

© IS0 2022 - All rights res
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3.16

specular

indicating that the flux leaves a surface or medium at an angle that is numerically equal to the angle of
incidence, lies in the same plane as the incident ray and the perpendicular, but is on the opposite side of
the perpendicular to the surface

Note 1 to entry: Reversing the order of terms in an adjective reverses the geometry of the incident and collected
flux, respectively.

3.17

transmittance
T
quotjent of transmitted radiant flux (3.8) and incident radiant flux, expressed by

1=o,/P,
where @, is transmitted radiant flux and @ is incident radiant flux

[SOURCE: 1SO 80000-7:2019, 7-31.5]

4 Abbreviated terms
IR infra-red

RT room temperature

5 Preparatory conditions

5.1 | Hazards, health, and safety precautions

Attention shall be given to health @nd safety precautions. Hazards to personnel, equjpment, and
matgrials shall be controlled and minimized.

5.2 | Preparation of samples

5.2.1 Sample property

This|document is,applicable to materials having both specular and diffuse optical propertigs.

5.2.2 Configuration

The naterial samples shall be prepared according to the relevant process specification or mapufacturer’s
datal|gnd shall be representative of batch variance.

The samples shall represent the work piece as exactly as possible. Expected changes in thermo-optical
properties from the measured sample to the flight equipment shall be considered in thermal design.

For instance, the application procedure for paint can result in different thermo-optical properties
depending on the painter and the type of spray gun used; therefore, the samples should be coated or
made at the same time as the work piece.

The surface roughness strongly affects the measurement results. Bare (uncoated) samples shall be
finished to the same surface condition as the work piece.

© IS0 2022 - All rights reserved 5
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5.2.3 Cleaning

The cleaning method and other treatment of the sample shall always be the same as for the flight
hardware. Further cleaning or treatment of the sample is not allowed.

In particular, solar absorptance properties are very sensitive to contamination and if the sample or the
flight hardware is contaminated (even by hand grease), the test results can be significantly in error.

5.2.4 Handling and storage

Samples shall only be handled with clean nylon or lint-free gloves and shall be stored in a cleanliness-

controlled aea; withraToonrtemperature of 15°€to36Camdaretative trumidity of 20-9%6to65-9.

Care should|be taken to prevent excessive change from storage condition to measurement conditiqn.

a) Coated surfaces shall be shielded from contact by using soft and inert material such,aspolyethylene
or polyjropylene bags or sheets.

b) Mechanjical damage shall be avoided in the standard way by packing the wrapped samples in glean
and dust and lint-free material.

c) LimitedHife materials shall be labelled with their relative shelf lives and)dates of manufacture

5.2.5 Identification
a) Sampleg submitted for testing shall be accompanied by a cofiipleted “Material identification cqrd”.
b) Hazardgus samples shall be accompanied by a completed\“Safety data sheet”.

c) The surfface of the samples which is to be measuredshall be clearly indicated unless the samples
have completely even properties on both surfaces:

5.3 Facilities

5.3.1 Cleanliness
a) The work area shall be clean and free of dust.

b) Air used for ventilation sheuld be filtered to prevent contamination of the sample.

5.3.2 Environmental eonditions

The ambient conditions for the process and work areas shall be from 15 °C to 30 °C with a relative
humidity of[20 % te:65 % unless otherwise stated.

5.3.3 Equipment

The equipment is specific for each test and defined in the Annexes.
5.4 Standard materials

5.4.1 General

Both reference and working (comparison) standards are required. Highly durable materials are
preferred. Standard materials shall be handled and stored in accordance with the associated
specification. Avoid touching the optical surfaces even with gloves.

6 © IS0 2022 - All rights reserved
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5.4.2 Reference standard material

Reference standards are the primary standard material for the calibration of instruments and working
standards. Reference standards shall be traceable to a national or an international authority having
jurisdiction.

5.4.3 Working standard material

Working standards are used in the daily operation of the instrument to provide comparison curves
for data reduction. A working standard shall be calibrated annually by measuring its thermo-optical
properties relative to the properties of the appropriate reference standard. If degradation is noticeable,

the v

5.4.4

For {
trang

For
diffu

NOTH
diffu
avail
have
longe

For s

orking standard shall be cleaned, renewed or replaced.

Solar absorptance

ransmitting samples, incident radiation shall be used as the standard-relative t
mitted light is evaluated. For some applications, calibrated transmittancéstandards

liffuse high-reflectance samples, a working standard that has high reflectance aj
sing over the range of the solar spectrum is required.

1  White diffuser is commonly used as a diffuse high-refle€¢tance standard material. Y
ers are provided by a national or an international authority such)as NIST. Spectralon®b is a
hble material that provides high-diffuse reflectance for 250 n to 2 500 nm. BaSO, and mag

r periods.

pecularly reflecting samples, a working standard that is highly specular is require

suitable working standards are vacuum-deposited thin opaque films of metals. All fi

met3
to a

lized working standards shall be calibratéd frequently with an absolute reflectometg
national or an international standardCreference material before being acceptable

which the
e available.

hd is highly

arious white
fommercially
hesium oxide

been widely utilized but are no longer recommended for-use as a standard since they are not stable for

H. Identified
ont surface
r or relative
in this test

metHod.
NOTE 2  Aluminium-coated glass mirtop is widely used because of its high reflectance and ease pf deposition.
Althdugh bare aluminium surface is highly vulnerable, protective coating can maintain the optical property.

For
spec

5.4.5

A se
stan
abla

hbsorber materials, a working standard that has low reflectance over the range
[rum is required in orderto obtain an accurate zero line correction.

Infrared emittance

lard materjals. Typical high- and low-emittance standards can consist of black paint (d
rkbody-cavity) and polished high-purity aluminium, respectively.

pf the solar

[ of high- and-low-emittance materials are often provided by the instrument manufacturer as

r preferably

6

DO It

cefa)testmethods

bl Wl g Az - o o

Two test methods are described in this clause.

Though a;, has slightly bigger standard deviations than a,, both methods provide well-repeatable data to
use in thermal design. Solar absorptance obtained by these two methods shall be clearly distinguished
by the terms a, and a,,.

a) Solar absorptance using a spectrophotometer («)

1) Spectralon® is the trademark of a product supplied by Labsphere. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products
may be used if they can be shown to lead to the same results.

©ISO
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This method covers the measurement of spectral absorptance (a,), reflectance and transmittance of
materials using spectrophotometers equipped with integrating spheres.

a, shall be measured in accordance with the procedure defined in Annex A.

b) Solar absorptance using the comparative test method (a,,)

The comparative method (@) compares the reflection of a Xenon flash by a known reference material
to the reflection of an unknown sample. This method has limitations due to the difference between a

Xenon flash

spectrum and the solar spectrum.

a, shall be measured in accordance with the procedure defined in Annex B.

7 Hemis
A test meth

Hemispheri
term &, ;.

Only the th
more time 4
emittance.

&.¢ shall be
NOTE

spectrophotd
for the measy

8 Normg

pherical infrared emittance (&) test method
d is described in this clause.

cal infrared emittance obtained by the thermal test method shall be clearly defined b

ermal test method enables direct measurement. Although the<thermal method req
ind effort, it is the fundamentally correct method to obtain, total hemispherical infj
, of wider temperature samples are obtained solely by thethermal method.

neasured in accordance with the procedure defined innAnnex C.

The method that measures total hemispherical reflectanééas absorptance of materials using infj

meters equipped with integrating spheres is still under study. ASTM E1392-96 can be refert
rement method development.

|l infrared emittance (&,) test methods

Three test methods are described in this clause:

a) Normal

The IR spec
of materials
emittance o

£,.s shall be
b) Normal

The test mjg
sample temj

infrared emittance using an‘IR spectrometer (g,_)

[rometer method measures the normal reflectance as residue from unity minus emitt
using infrared spectrophotometers equipped with integrating spheres. Normal inft
ptained using an IRspéctrometer shall be identified by the term ¢ _..

measured in accordance with the procedure defined in Annex D.
infrared,emittance using ellipsoid collector optics (&

n-e)

pthodusing ellipsoid collector enables direct measurement without knowing the
perature. The source beam is provided to the sample with a near-normal incident angle.

ellipsoid collector focuses over 99 % of the hemispherical reflected energy onto the detector. Nd

infrared emittance obtained using an ellipsoid collector shall be identified by the term ¢ _,..

€,-¢ shall be

c¢) Normal

measured in accordance with the procedure defined in Annex E.

infrared emittance using two rotating cavities (g,_.)

[y the

lires
ared

rared
ed to

ance
ared

bxact
The
rmal

This method measures reflected energy of the sample using two rotating cavities that are maintained
at different temperatures. Sample temperature is not necessarily measured. Suitable calibration
with known reflectance standards is required to obtain reflectance values on samples. Total normal
emittance is calculated by subtracting the calibrated reflectance from unity.

Measured data with two rotating cavities is limited in accuracy by the degree to which the emittance
properties of calibrating standards are known and by the angular emittance characteristics of the
surfaces being measured. At the interlaboratory test performed in 2007[12], the two rotating cavities

8

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=b95e766583de05be55caf0bef094e3c0

ISO 16378:2022(E)

provided relatively low emittance compared to the direct measurements. The maximum difference of
€, measured by the two method was greater than 0,1. Normal infrared emittance obtained using two
rotating cavities shall be identified by the term ¢, _.. Although many historical data have been obtained
by this method, it is recommended to use the other two methods instead.

€,.c shall be measured in accordance with the procedure defined in Annex F.

9 Testreport

9.1 Standard tests

9.1.1 Complete identification of the material tested

The test report shall contain as a minimum the following:

a) frade names and batch numbers of the materials under test;

b) mpame of the manufacturer or supplier through whom the purchase was made;

c) gJummary of the preparation and conditioning schedule (e.g. mixing proportions, coating thickness,
¢ure time and temperature, post-cure, cleaning procedure);

d) gample size and thickness, coating thickness of layers if a¢ailable, surface contour if any| description
If optical properties such as diffuse or specularly reflecting, clear or translucent transmitting;

e)

roperties of the substrate when the material is applied on (e.g. trade name, material, thickness).

9.1.1 Complete identification of the measurenient condition
The test report shall contain as a minimumsthe following:
a) Itilized measurement method;

b) date and time the measurements were taken;

c) identification of the instrument used (manufacturer’s name and model numbdgr including
odifications and accesSeries is sufficient for a commercial instrument; other instruments shall be
escribed in detail including wavelength range and estimations of their accuracy; key| accessories
information such-as-integrating sphere coating material and diameter, filter’s path band, shall be
included);

d) identification-of the working standard materials used for calibration;
e) thermo=optical properties assumed for the working standard materials;

f) armbient temperature and related humidity;

g) sample temperature (RT or controlled certain temperature);

h) locations on the surface area at which measurements were performed (not applicable for small
individual test samples);

i) estimate precision (repeatability) and estimated accuracy reported as uncertainty due to bias; the
accuracy and precision shall be reported in the same units as the optical property itself;

j) any noticeable incident observed during the measurement shall be recorded;

k) the quality records (e.g. log sheets) shall be retained for at least 10 years or in accordance with
project contract requirements.

©1S0 2022 - All rights reserved 9
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9.1.3 Measurement results

9.1.3.1 Solar optical properties

The test report shall contain as a minimum the following:

a)

b)

9.1.3.2 Inffrared optical properties

The test repjort shall contain as a minimum the following:

a)

b)

<)

d)

9.2 Non-standard tests

solar transmittance, absorptance, or reflectance, or all three, determined to the mean value of
minimum 3 repeated measurements up to 0,01 associated with their variation;

solar spectral irradiance source document or source data and weighting method used for
computation of the solar optical property.

infrared emittance, absorptance, or transmittance, or all three, determined toithe mean value of
minim 3 repeated measurements up to 0,01 associated with their variation;

indicatgd meter reading (reflectance) for three successive measurements with their standard
deviatign (not applicable for g, _,);

infrared emittance determined to the nearest 0,01 unit or 1 % obtained by subtracting an ave¢rage
of the three reflectance values from one (not applicable for &, _);

for samples with rough surface and/or inhomogeneous propeérty, appropriate number of tests|shall
be performed on multiple samples considering the sampl&condition (an average of the meadured
values ghall be reported with its standard deviation).

Measurement performed with any deviationfrom standard test conditions is considered |as a
non-standaid test. The test report shall clearly indicate all the deviation. Measured data shall be
distinguish¢d from standard test data. It is reeommended to note the assumed bias on the measurement

results caused by the deviations.

10 Quality assurance

10.1 Precilsion

The measurpment precdision for the key parameters shall be as follows:

a)

b)

solar abjsorptafice measurement repeatability on the same point of a sample 0,01 (non-dimenjsion)
in repegted‘mieasurement data or 5 % of the mean measured value;

NOTE 1 — 0,1 9% for spectrophotometer without integrating sphere, 0,5 % for spectrophotometer with
integrating sphere.

infrared emittance measurement repeatability on the same point of a sample £0,01 (non-dimension)
in repeated measurement data or 5 % of the mean measured value;

NOTE 2 Random uncertainty of reflectance measurements performed by Labsphere, Inc. is 0,005 for the
spectral range (300 nm to 2 200 nm) and is equal to 0,02 over the spectral range (250 nm to 2 500 nm). (See
calibration certificate for Spectralon® reference.)

sample thickness: +5 pm (sample thickness >10 pm);

sample thickness: 0,5 pum (sample thickness <10 pm);

temperature: 5 K.
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10.2 Non-conformance

Any non-conformance that is observed in respect of the measurement procedure shall be resolved in
accordance with the quality assurance requirements.

10.3 Calibration

a) Each reference standard and piece of measuring equipment shall be calibrated according to the
equipment specific procedure.

b) Any suspected or actual equipment failure shall be recorded as a project non-conformance report
§o that previous results can be examined to ascertain whether or not remspection and retesting is
fequired.

c) The customer shall be notified of the non-conformance details.

10.4 Traceability

Tracg¢ability shall be maintained throughout the process from ,nceming inspectipn to final
meagurements and calculations, including details of the test equipmernt and personnel ¢mployed in
perfgrming the task.

10.5 Uncertainty

The measurement result contains uncertainties caused by multiple elements. The parameters which
affedt the combined uncertainty are shown in Annex.G.

11 Audit of measurement equipment

11.1 General

The thermo-optical property data frem testing laboratories for the customer, obtained in|the manner
laid dlown in this document, are only accepted for the customer if the testing laboratory ismanaged to
perform the relevant proceduyein this document.

11.2 Initial audit of the system (acceptance)

a) (nce a system haSbeen built or purchased, it shall be audited by the customer’s produ¢t assurance
epartment before it can be accepted for running qualification or quality control tests pn materials
or use in customer projects.

b) This initial audit shall, at least, consist of (but not necessarily be restricted to) an inspection of the
pparatus and associated equipment, the performance of a test on a defined set of mfaterials, the
eporting of the non-conformance, and the audit findings.

11.3 Annual regular review (maintenance) of the system
a) Inspection of apparatus and associated equipment

b) Mutual comparability evaluation (testing)

c) Non-conformance

If the inspection of the system or the interlaboratory test shows a non-conformance with the applicable
audit specification of the customer or the acceptable limits of the test results, actions shall be
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undertaken by the test house in order to determine the reasons for the non-conformance and a further
test shall be performed in accordance with 10.2 before a certificate of conformance is renewed.

d) Reporting of findings

1) Adetailed written report of the result of the regular review shall be delivered to all participants
within six weeks after the end of the regular review or evaluation testing.

2) The certificate of conformance shall be renewed annually after a successful review.

11.4 Special review

a) All mojrifications of the apparatus or associated equipment shall be reported and, if-deg¢gmed
necessary, be audited by the customer before utilization of the modified system for the customer’s
project.

b) Major modifications shall result in the retesting of apparatus as described in 10.2¢
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Annex A
(normative)

Solar absorptance using a spectrophotometer («,)

General

Solar

absorptance is calculated using the absorption spectrum of the material over the

250 nm to 2 500 nm and this spectrum is then multiplied with the solar spectrum.

a)
b)
‘)
[(

d) 1
1

q

NOTH
comp

Meas
spec

The
with

The absorption spectrum shall be measured using an integrating sphere.

Dpaque samples shall be mounted on the wall of the integrating sphere.

Two measurements are required for transparent samples. Trafsmittance shall b
mounting the sample on the wall of the integrating sphere. Reflectance shall be me

entral sample mounting.

ransmitted light is evaluated. For some applications;. calibrated transmittance st

jvailable.

ared to a known standard (e.g. calibrated Al-mirrdr or calibrated Spectralon® standard).

urements of spectral near-normal-hemispherical transmittance (or reflectance) are m
'ral range from approximately 250 nm'to°2 500 nm with an integrating sphere spectro

solar transmittance, reflectance; 0y absorptance is obtained by calculating a weigh
a standard solar spectral irradiance as the weighting function by either the weighted

ordiate method.

A2

The
mou

Configuration of samples

size of test specimens required depends on the dimensions of the integrating sphei

enoulgh sample is‘hot available, the test requester shall coordinate with test facility.

For ¢
the
dime

xample;when the aperture of the sphere was 15 mm x 15 mm, the sample shall be
|5 mm square regardless of its shape. Depending on the method and equipment

numi

the material shall be used.

nsipns can vary. For patterned samples, either the specimen shall be large enougl
— TFETET T AT eS0T I — STESEMTTIoCed

a o a OVe ra rayy, De represe 0O

For transmitting samples, incident radiation shall be usedvas the standard relative 4

A sphere with a sample holder on the sidewall can also be used. In this case, the 1

region from

b measured
hsured with

o which the
hndards are

eflectivity is

ade over the
[photometer.

ted average
or selected

e. For wall-

hted spheres,fthe specimen shall be large enough to fully cover the aperture of the sphere. If large

larger than
used, these
to make a

erent areas of

Flexible samples shall be mounted on a rigid surface. The sample shall be flat. For spherical curved
samples, its radius of curvature shall be larger than 300 mm.

Special care shall be taken on alignments of optical systems. The sample shall be closely fit on the
sample port in the right angle. Deviations in the incident angle of the probe beam and optical systems

insid

e can produce error in results.

This test method is applicable to materials having both specular and diffuse optical properties.

Opaque specimens shall have at least one surface that is essentially plane over an area large enough to
cover the aperture of the sphere.

©ISO

2022 - All rights reserved
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Transparent and slightly translucent specimens shall have two surfaces that are essentially plane
and parallel. In order to reduce light scattered out the edges of translucent specimen, the minimum
distance between the edge of the beam and the edge of the aperture shall be 10 times the thickness of

the specime

n.

The transmittance of highly scattering translucent samples is not easily measured with an integrating
sphere instrument because a significant portion of the incident flux is scattered outside the aperture
from the side of the sample. The test report shall describe when the measured samples had such

characters.

A.3 Test,

The test eq
2 500 nm. 4

Figures A.1
a)

The wa;
for the {

b)
1) +1
2) 5%

If the s
total su
achieve

NOTE1 If
measuremen

NOTE2 If
can be specu
optical propH

equipmentand-setting-up

uipment consists of a spectrophotometer, covering at least the range over 250/n
\n apparatus which covers wider wavelength range is encouraged for better replicg
hnd A.2 show the test equipment configurations.

belength resolution of the spectrophotometer shall be compatible withithe resolution
olar spectrum.

The signal-to-noise ratio shall be better than the following:

o full scale in the region between 250 nm and 2 000 nm;
full scale in the region between 2 000 nm and 2 500 nm:.

imple is mounted on the side wall, the associated, sphere shall have a maximum pd
rface ratio of 5 %. A smaller ratio of the port area-to the total internal surface area cg
 using large spheres. Small spheres can give rise'to large errors.

the test equipment is used in a central sampleimode, i.e. an “Edwards”-type integrating spher
L is called “absolute”.

the sample is mounted on the sidewall,'the measurement is done towards a calibrated standar
ar (e.g. Al-mirror) or diffuse (e.g. Spectralon®). In the case of relative measurements, change
rty of the standard materials affects the measured value.

m to
tion.

used

rt to
in be

e, the

] that
n the
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Key
integrating sphere
flest specimen
gntrance port
dample port
detector

incident radiation
dpecular reflection
diffuse reflection

O 0 N O U1 b W N -

ihcident angle

Figure-A.1 — Integrating sphere (wall mount type)
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Key

N O U W e

d)

e)

f)

g)

integrati

hg sphere

test spedimen

entrance port

sample rptation

detector
incident

referenc

The res
sample.

For mat
used.

radiation
b radiation

\\
3
1
6
5 @:
i 2

Figure A-2— Integrating sphere (central mount type)

ponsible testofficer shall make the choice of a standard based on the visual aspect g

erials-having, in the visible region, a large specular component, a standard mirror sh:

f the

11 be

When the diffuse component is predominant in the visible region, a diffuse sample, such as
Spectralon®, shall be used.

The standard used for the measurement shall be indicated in the report.

The wavelength resolution shall be as follows:

16

less than 5 nm (wavelength is shorter than 380 nm);

less than 10 nm (wavelength is 380 nm to 780 nm);

less than 50 nm (wavelength is longer than 780 nm).
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The photometric accuracy shall be as follows:

— lessthan 1 % of full scale (wavelength is shorter than 780 nm);
— less than 2 % of full scale (wavelength is longer than 780 nm).
The photometric reproducibility shall be as follows:

— lessthan 0,5 % of full scale (wavelength is shorter than 780 nm);

— lessthan 1 % of full scale (wavelength is longer than 780 nm).

The VdVC}Cllgt}l dCLUl dLy b}ld}} ]UC ad> fU}‘lUVVD.
— less than +1 nm (wavelength is shorter than 780 nm);

— less than +5 nm (wavelength is longer than 780 nm).

A.4 | Test process and measurement
Befofe starting a measurement sequence, the 100 % and 0 % baseline shall be taken (using the standard
referfence as applicable). The baseline shall be measured at least oncea day when equipment is switched
on.

A.5 | Calculation of solar absorptance

The §pectrum is taken over 250 nm and 2 500 nm and covers 95,6 % of the total energy.

a;=1-p;
A
J‘/Mp(/l)S(l)dl
Ps = 3 (A1)
j S(1)dA
M
whefe

p(A) is the spectralreflectance after 100 % reference correction;
§(A) 1isthe spéctral solar irradiance;
dA  is typically 1 nm and shall be defined considering the sample properties;

A isssmaller than 250 nm;

A, jslargerthan 2 500 nm

Solar irradiance spectrum is available in several sources. ASTM E490-00a should be primarily applied.
When other spectrum is used, the data source shall be described in the test report.

For transparent test pieces, it is possible to calculate the absorptance by the same method because

a(A) =1-[p(A) + (V] (A-2)

It is also possible to calculate absorptance for a spectrum other than the solar spectrum, e.g. for solar
simulators.

©1S0 2022 - All rights reserved 17
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Annex B
(normative)

Solar absorptance using the comparative test method (ap)

B.1 General

This metho
material to
composition
of the stand

This metho
spectrum.

Special pred

This equipn
known stan
material to
result withi
test, theres
reflectivity

B.2 Conf

The minima
This diamet]

| is based on comparing the reflection of a Xenon flash by a known appropriate stan

and surface morphology) shall be representative for the unknown. The solap-absorpt
hrd surface shall be measured using the method described in Annex A.

 has limitations due to the fact that the flasher spectrum is not identical to the

autions shall be taken when using portable reflectometer equipment.

tent shall only be used for comparative measurements. It shall be used in conjunction
dard or calibrated materials, identical to or at least having Similar optical behaviour t
be measured. If such an approach is followed, the equipment shall give a direct and co
h the linearity limitation. If the standard material used’is not identical to the material
11t of the reading not only depends on the linearity-of the equipment but also on the sp¢
pf the material. Any reporting of results shall include the detailed test conditions.

guration of samples

er is typically between 15 mm ahd 20 mm.

Flexible saniples shall be mounted onia-rigid surface. The sample shall be flat. For spherical cy

samples, its

B.3 Test

radius of curvature shall be' larger than 300 mm.

pquipment and setting up

The equipmlent consists(of*a flasher, able to produce a flash with a reproducible spectrum. The

intensity, as
surface and

well as thereflected intensity of the flasher, is measured both with the standard mat
the sample surfaces.

B.4 Test

rocess and measurement

dard

the reflection of an unknown sample. The nature of the standard material\(chemmical

ance

solar

with
o the
frect
nder
ctral

[ sample dimensions are dictated bythe diameter of the aperture on the portable equipment.

rved

total
erial

a)

given by the manufacturer.

b)
‘)

The equipment shall be calibrated following the instructions given by the manufacturer.

measurement of the standard material.

d)

depending on the known stability of the equipment.

18

Before any measurement is performed, the equipment shall be stabilized following the instructions

The calibration shall, as a minimum, include a “zero” or baseline measurement, as well as the

After calibration with the appropriate standard material, the unknown sample shall be measured.

If several materials have to be measured, calibration shall be repeated at regular time intervals,
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f) For statistical reasons, each measurement shall be repeated at least five times; the average and

standard deviation of the measurements shall be calculated and reported.

g) Some equipment makes these calculations automatically through integrated software. The

standard deviation between measurements shall be 0,02 or better.

B.5 Calculations

Reflectance reference surface (p,):

p.=1L/L,
where
1 is the intensity of flash reflected on standard material surface;

I,  isthe total intensity of flash during standard material flashing,

Reflgctance sample surface (p,):
IDS = IS/ItI'
where

I is the intensity of flash reflected on sample strface;

I,  isthe total intensity of flash during sample flashing.

e

=Is/1, % py
wherte

p.  isthe measured standard material reflectance (using method in Annex A);

[ is the calculated sample reflectance.

S

p=1-p

© IS0 2022 - All rights reserved
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Annex C
(normative)

Hemispherical infrared emittance using the thermal test method

(&h-d)

C.1 Gene€

By means o
the decreas

C.2 Conf

A “standard
shape.

ral

guration of samples

F the dynamic thermal method, one can determine the total hemispherical emittance [from
e in temperature of a test item with well-defined thermal characteristics.

sample substrate” as detailed in Figure C.1 should be used in faveurof any other geomefrical

In particular, the sample shall be made by machining and not by eutting out with shears sincq this

flattens the
sample subg
heat from tH

e substrate.

edges and does not produce a very accurate square shape."Sample material is bonded opn the
trate. Sample material shall be opaque over the infrdared range to eliminate the transmlitted

20
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Key
1 ,40 mm X 60° on each side

2 groove 0,40 mm X 60°

Material: Oxygen-free Copper

Specification: 99,99 % purity

Finalftreatment: - Nickel thickness: 1 um to 2 pm
- Gold thickness: 20 um

Figure C.1 — Standard sample substrate

C.3 | Testequipment and setting up

For the d_y framrie—thermat ulcthud, His—asstmed—thatthe oycpiﬁ\, heat-of-thetest PiC\,C s known. A
lightweight test piece (i.e. one with a low-heat capacity) is bonded by means of double-sided adhesive
tape to a gold-plated substrate (standard sample substrate), the heat capacity of which is high enough
to keep a uniform surface temperature of the test piece.

Initially, the gold-plated substrate’s emittance is measured. A thermocouple which conforms to
IEC 60584-1 is fixed in the centre of the gold-plated substrate. Four nylon threads (e.g. ¢ = 0,16 mm)
secure the substrate and test piece to the centre of a sample holder which is fixed on the axis.

This is then lowered to the centre of the cryogenic shroud which is coated in black and cooled with
liquid nitrogen.

The dimensions are such that the shroud area is more than 100 times the total area of the test piece.
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A window made of high-purity synthetic fused silica (working diameter: 90 mm) enables this test piece
to be illuminated by an external heat source.

C.4 Test process and measurement

After a sufficient vacuum is attained (<10-% Pa), and the temperatures of the shroud and sample holder
are stabilized, the test piece is heated up to 30 °C. The decreasing temperature is then recorded down
to 20 °C. The total hemispherical emittance is then calculated for a temperature of 25 °C. It is possible to

do this for a

ny temperature between -100 °C and +100 °C by using a similar method.

The Sample fompnr:&hlrn should be determined :\r‘r‘nrr‘ing to the material’s npnr:\finna] fnmpnrﬁture
range.
NOTE The errors of measurement depend mainly on the following quantities:
— specific heat of the test piece: C,;
— temperature: T;
— time:t.
The first quantity, C,, can be measured from the test piece by means of thefmal analyses such as with a
differential fcanning calorimeter or is taken from the literature for cleatly defined materials.
C.5 Calcuylations of total hemispherical emittance
Calculation pf the emittance is performed using the following.formulae:
(M.C.)o+(MC)
g=—{ Y [(4T,)In A+InB+2C] C.1)
‘1'O'STO (tz - tl )
(77 4 15 ) (T8 -5 )
A= T2 2 2 (C.2)
(77 |15 )(1f +75 )
T, +Ty)(T; - T,
g (T FTo)(Ty = Ty) ©3)
(T 1To)(Ty +Tp)
T. T.
C= (1 - 3T02) arctan —~arctan—= (C4)
() To
and
ESTELS,
o =— C.5
¢ S, (C.5)
where
(¢4, T)and  are two points on a cooling curve at times t; and t, for which the corresponding
(€5, T5) temperatures are T; and T5;
(MO is the total heat capacity of a test piece with gold-plated substrate.
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If the variation of specific heat is assumed to be parabolic with the temperature, then

(MC)y = (M,C, + M,C)) (C.6)
and

(M.C)r = (M.C)o(1+aT+pT?) (C.7)
where

5 the total hemispherical emittance of Test piece pius SUbSIrate;
g, is the total hemispherical emittance of the gold-plated substrate;
E is the total hemispherical emittance of the test piece;
M.C,), isthe thermal mass of the substrate at 0 °C (JK1);

M, is the weight of gold-plated piece (kg);

¢, is the specific heat of gold-plated piece (] kg K1);

M. is the weight of the test piece (kg);

¢, is the specific heat of the test piece (] kg K1);

3§, is the gold-plated surface area (m2);

$. is the surface area of the test piece.(m?);

A is the total emitting surface area)i.e. S =S, + S, (m?2);

To is the temperature of the cryogenic shroud (K);

i is time (s);

q is the Stefan-Bgltzmann constant = 5,670 400 (40) x 10-8 Wm2 K4,

23
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Annex D
(normative)

Normal infrared emittance using an IR spectrometer (¢,,_()

D.1 General

This metho
5 um to 25
these mater
of the maxi
goes down.
measureme

As for emitf
but another
of the samp
by blackbod

D.2 Conf

The size of
sizes of the
receive the

A common ¢
with a centn

The sampleg

Reflectance
transmittan

D.3 Test

The test eq
equipped w

sphere wall$

Due to the wavelength range limitation, this method is not applicable téceryogenic s
nt.

ance measurements, one can make absolute measurements with.a’central sample h
solution is to measure the reflectivity of the sample on the wallicomparing the reflect
e with a calibrated standard (mirror or Infragold®2)). The §pectrum obtained is weig
y spectrum and integrated.

guration of samples

the samples depends on the configuration adepted (either central or tangential) an
sphere, beam, sample holder, and measurement port. The sample shall be large enou
fomplete incident beam but small enough te disturb, at the minimum, the sphere integ

ize is 20 mm x 20 mm or 20 mm diameter for an integrating sphere of 150 mm in dian
al sample mounting, with a maximum thickness of 5 mm.

shall be rigid.

measurements with transparent and semi-transparent samples have errors du
ce losses.

pquipment and setting up

hipment consists of an IR reflectometer covering the range at least from 5 pm to 2
th an integrating sphere. The range of measurement is limited by the material used fo

P .

a) The spsg

l is based on optical measurements of emittance of materials in the infrared range/ffrom
um. This emittance is determined by measuring the total hemispherical reflectanice of
ials using an integrating sphere coupled with an infrared spectrometer. The wavelgngth
mum emission from a material shifts toward a longer wavelength whensits tempergture

ple

lder,
ivity
hted

] the
oh to
rity.

neter

e to

b um
r the

ctrometer should be purged with a permanent N, flux in order to eliminate CO, and

H,0

absorpt

b)
scale.

ion bands. When N, purge is not available, it shall be purged with dry air.

D.4 Test process and measurement

The signal-to-noise ratio over the whole interval from 5 pm to 20 um shall be better than 1 % full

The measurement on the sample is made after a baseline measurement is obtained either on the
standard sample for a tangential sample or on the wall sphere if the sample is centrally mounted.

2)

Infragold® is the trademark of a product supplied by Labsphere. This information is given for the convenience

of users of this document and does not constitute an endorsement by ISOof the product named. Equivalent products
may be used if they can be shown to lead to the same results.
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The baseline and the sample measurement shall be made in the same conditions of the purge of the
spectrometer.

This method can measure reflectance on samples that are opaque in the wavelength region of
interest. The infrared emittance of semi-transparent samples is determined from approximate total
transmittance and reflectance of the samples, the backside of which is covered with the substrates.
To see if a sample is partially transmitting, the substrates with high and low reflectance shall be
alternately placed on the sample as backing. Do not use the standard materials as they can become
damaged. If the sample is transmitting, the reflectance values are different.

The sample shall be measured with backing of the high-reflectance (gold) substrate and the low-

fl i 1 1) Lot i TL ool £1 4 £ L. Lot i Laoll ] L
re e LdlItT l_Uqul\j SUDUSLI AT, T1ICT tULAI 1TTTITTLAIILT Ul Tdlll SUuustIdlU SlidIl d1o5U UUT IIIT

apprpximate transmittance and reflectance of the semi-transparent samples were £alg
Formulae (D.1) and (D.2). Then, the infrared emittance is determined by subtractingthe
and fransmittance from unity. It should be noted that higher uncertainty is expegcted’in d3

using backing.

pr_pr

wherte

1=
pbpg (G_B)+pb _pg

| \/(G—B)(pr—l)(pg—pb)<pbc—1)

(pbpg (G_B)+pb _pg)z

is the transmittance of the sample;

is the reflectance of the sample;

is the reflectance of the substratéwith low reflectance (black);
is the reflectance of the substrate with high reflectance (gold);

is the reflectance of the\sample, the back side of which is covered by the substrat
reflectance (black);

is the reflectanceyof the sample, the back side of which is covered by the substrat
reflectance (gold).

D.5 | Calculatien of emittance

The spectrum“obtained by the above test method is then weighted and integrating fc

formjula:

sured. The
ulated with
reflectance
ita obtained

(D.1)

(D.2)

b with low

e with high

llowing the

[ atEmam

where

&

a(A)

EQ)

25
[EMd2)

is the infrared emittance of sample;

is the spectral absorptance of the sample after 100 % reference correction
(a(A)=1-pA)ora(A) =1 - [p(A) + t(A)] if the sample is transparent);

(D.3)

is the blackbody emittance spectrum at 300 K, in W/mZum, and can be calculated with the

Planck law:

© IS0 2022 - All rights reserved
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2nthc?A7°

h=6,626 069 57 (29) x 10734 [J-s] and k = 1,380 648 8 x 1023 [J-K-1].

The emittance at other temperatures can also be determined with measurements in another wavelength
range. In this case, the blackbody spectrum shall be calculated at this new temperature.
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Annex E
(normative)

Normal infrared emittance using ellipsoid collector optics (&,,_.)

E.1

General

The IIneasurements are performed by illuminating the sample at a near-normal angle, with ¥4

surfd
ener
the i
outp
ener
orde

This
spec

E.2

ce. An ellipsoidal collection cavity collects a virtually full hemisphere of the reflectd
by from the surface and directs this energy onto a detector. A calibration mirror altern
hcident beam either to the detector or to the sample. The incident energy,in\terms of
it voltage, provides a calibration of the 100 % scale. By comparing incidéntenergy to {
by, the weighted reflectance of the sample is measured. This reflectance is subtractg
- to obtain the infrared emittance.

method is based on an expired US Patent 5659397, method and apparatus for mea
1lar and diffuse optical properties from the surface of an object.

Configuration of samples

The minimal sample dimensions are dictated by the diamneter of the aperture on the portable

This

diameter is typically between 15 mm and 20 mam.

Samjples of about 10 mm or larger are easily measured. Smaller sizes to about 5 mm can be acd

with
shall

Very

special care in placing the sample in:the centre of the aperture. Samples with conc
have 166 mm radius or larger. Convek-surfaces shall be 12,5 mm radius or larger.

diffuse samples should be withih 1,2 mm normal to the aperture, specular samples wif

Sample temperature shall be in the range from dew point to 66 °C.

E.3

Figu

Test equipmentand setting up

e E.1 shows the measurement configuration of this method. The infrared source with

coating provides radiation with a colour temperature that very closely matches that ofa 300

from
The

aper
even
azm

thopped beam is then collected by a mirror, which images the source on the centre o
fure at.an“incident angle of 15°. The total incident energy does not affect the sample
when/thin foils are measured. Of the energy reflected from the sample, over 99 % is

espect to the
d/scattered
htely directs
the detector
he reflected
d from 1 in

suring total

equipment.

ommodated
hve surfaces

hin 2,5 mm.

a corrective
K blackbody

2,5 pm to_over 50 um. The source beam intensity is modulated via a rotating ch¢pper blade.

[ the sample
emperature
collected in
b detector is

steradian hemisphere and then re-imaged on a windowless pyroelectric detector. Th

1 L £l i 4] 14l £ L o 1
coateutor fratrespomse tnrougirthe far mirareo:
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Key
referenceé measurement
sample measurement
ellipsoid|collector
test spedimen

entrance port

A

B

1

2

3

4  sample gort
5 detector

6 incidentfradiation
7  specular|reflection
8 diffuse r¢flection
9  mirror

10 reflected radiation

Figure E.1 — Measurement procedure with an ellipsoid collector

Wavelength range: 2,5 pm to 35 pm.

Measurement accuracy (for specular and diffuse samples): +1 % of full scale for gray samples and +1 %
of full scale for non-gray samples.
E.4 Test process and measurement

Place the sample on the measurement aperture such that the aperture is held firmly against the
measurement surface. With a true hemispheric collector, it is important to place diffuse samples as
closely as possible to the measurement aperture in order to prevent scattered light from escaping.
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With more specular samples, this scattered light becomes less and the measurement is less sensitive to
sample placement. Foil or wrinkled material shall be flattened over the measurement aperture with an
appropriate heavier flat weight.

The beam deflector, a polished mirror, is moved into the path of the beam, reflecting it onto the detector.
After the signal has settled, a number of reference readings are made and averaged. The infrared
beam is then reflected onto the sample. After the signal has settled, a number of sample readings are
made and averaged. Reflectance is calculated as the ratio of the sample measurement to the reference
measurement.

This method can measure reflectance on samples that are opaque in the wavelength region of interest.

The
tranf
To s{
alter
dam

The

refle
appr
Form

;llflcll Cd Clll;ttallbc Uf DCllli thlllDlJCll Cllt oauly}co iD dCtCl lll;llcd flUlll thc CllJlJlU
mittance and reflectance of the samples, the backside of which is covered with~thd
be if a sample is partially transmitting, the substrates with high and low reflecta
nately placed on the sample as backing. Do not use the standard materials-asithey
hged. If the sample is transmitting, the reflectance values are different.

ctance (black) substrate. The total reflectance of each substrate(shall also be me
bximate transmittance and reflectance of the semi-transparent-samples were cald
ulae (E.1) and (E.2). Then, the infrared emittance is determined by subtracting the|

and {
using

ransmittance from unity. It should be noted that higher uncertainty is expected in d:
b backing.

pr_pr

imate total
substrates.
hce shall be
can become

sample shall be measured with backing of the high-reflectance (gold)-substrate ajnd the low-

hsured. The
ulated with
reflectance
ita obtained

1= (E.1)
PPy (G—B)+pp—pg
b= (G_B)(pr_l)(pg_pb)(pr_l) (E 2)
s 2 '
(Pppg (G=B)+py, —pg)
where
T is the transmittance of sample;
ps  isthe reflectance ofthe sample;
f,  isthe reflectance)of the substrate with low reflectance (black);
fg  isthe refleetance of the substrate with high reflectance (gold);
B is thewréflectance of the sample, the back side of which is covered by the substratg with low
reflegtance (black);
(& isthe reflectance of sample, the back side of which is covered by the substrate with high
reflectance (gold).
E.5 Calculation of the normal emittance

In this method, near-normal total emittance is determined by measuring near-normal total hemispheric

infra

red reflectance. The emittance is obtained by subtracting the reflectance from unity;

4 4
& 0T + psoTig* =1

where
£ is the sample emittance;
© IS0 2022 - All rights reserved
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