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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
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Introduction

This document was developed to provide the designation of the characteristics of the decorative
metallic coatings for radio wave transmissive application products, in response to worldwide demand
for the standardization of such products. This document was also developed to specify the standard
method to quantitatively characterize the decorative parts with the metallic coatings that both have
the low transmission loss of radio wave and the metallic appearance.

One of the typical applications of the radio wave transmissive application products is the metallized
plastlc emblem and other decoratlve exterlor parts for automoblles These parts are placed in front of
the ) pical example
of these parts has the low transmlssmn loss of the specific radio wave lower than 2,5 dB)apd the bright
metallic appearance with lightness of 70 or higher. Low transmission loss is consistent yith metallic
appedrance by forming a discontinuous structure of metallic coatings. An example of the discontinuous
coatimg is the sputter-deposited film of low melting point metals such as indium having islapd structure.

This flocument specifies the designation and the characterization methods"of the decorgtive metallic
coatipgs of the products for radio wave transmissive application. The.designation copsists of the
transmission loss of the radio wave, the frequency band of the radjoswave under consideration, the
lightrjess and hue of the parts, as well as the main material and manufacturing procegs of metallic
coatipgs. The characterization methods consist of the determination of the transmission|loss of radio
wave|with specific frequency band and the evaluation of lightness and hue which represent the colour
and appearance.

Examlples of measurement results of the radio wave transmission loss and the colour characteristics
are described in Annex A and Annex B, respectively. The information in annexes is for the| convenience
of usqrs and does not constitute an endorsement byISO.

© IS0 2023 - All rights reserved v
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Decorative metallic coatings for radio wave transmissive
application products — Designation and characterization
method
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Measurement

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 2080, ISO 16348, IEC 60050

and C

IE S 017 and the following apply.

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

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

IEC Electropedia: available at https://www.electropedia.org/
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31
VNA
vector netw

ork analyser

instrument to measure the transfer and/or impedance characteristics, that is, both magnitude and
phase changes, of a linear network, device, or material through stimulus response testing over a given

frequency ra

3.2

nge

TRL calibration method
thru-reflect-line calibration method
one of the calibration methods to fix the systematic errors with the network analyser measurements

lopgth "l longaxe "tha ! (o1l “1i o a7 o aflact ctand

using a zero

3.3

skin depth
depth at whi
density, at a

34
SCI
specular col

type of colour measurements including both specular and diffused reflected light

3.5
SCE
specular col

type of colour measurements excluding any specular reflected light

4 Designation

a n ndhich A ardc
[CITSTI crrr o, o TOTrgeT CIIr ot CO—ITIC—J a o TIr g I FerreeteStanaatras

coart

Ch the current density in a conducting material is reduced to 1/e times the surface cu
biven frequency

mponent include

mponent exclude

4.1 Genernal

A designatioh consists of the following:

a) the lettdrs, "StM", as the elementary symbol indicating that the decorative metallic coatin
ability fqr radio wave transmittance and metallic appearance;

b) aletter indicating the frequency band classification;

c) thelettef "T" and a numpber giving the transmission loss followed by a solidus (/);

d) theletter "L" andariumber indicating the lightness;

e) letters inpdicating the hue followed by a solidus (/);

f) anelemdntal symbol of the main component element of coatings followed by a solidus (/);

g) lettersindicting the manufacturing method of coatings.

4.2 Elementary symbol

rrent

g has

The elementary symbol, StM, shall indicate that the decorative metallic coating has ability for radio
wave transmittance and metallic appearance.

4.3 Trans

mission loss of radio wave

The following letters and numbers designate the frequency band of the radio wave under consideration
and the transmission loss due to reflection and absorption.

© IS0 2023 - All rights reserved
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4.3.1 Frequency classification

The letters shown in Table 1 designate the frequency bands of the radio wave under consideration.

Table 1 — Designation of frequency bands of radio wave

Frequency band of the radio wave under consideration?
Designation Band name?
Hz

A 18 x 109 to 26,5 x 109 K
B 26,5 x 109 to 40 x 10° Ka
€ 50xt0% 1075 % 10° \%
D 75 x 109 to 110 x 10° W
E 110 x 109 to170 x 10° D
F 170 x 109 to 260 x 109 H
G 300 x 109 to 500 x 10° -

a  Lewer limit exclusive, upper limit inclusive.

b The band names of specific frequencies are given in Reference [1].

4.3.2] Transmission loss of radio wave

The lgtter "T" and a number designate the transmission loss of the radio wave due to r¢flection and
absorption as shown in Table 2.

Table 2 — Designation of transmission loss

Transmission loss?
Designation
dB
TO,1 0,1 or below
Tx (x=0,2 to 2y4) X
T2,5 2,5 or above
a  Trapsmission loss shall be rounded off to one decimal place.

4.4 |Lightness and hae

The fpllowing letters and numbers designate the lightness and hue angle that specify the colour and
appedrance.

4.4.1| Lightness

The lgtter "L" and a number designate the lightness as shown in Table 3.

Table 3 — Designation of lightness

Designation Lightness?
L100 100 or above
Ln (n =99 to 41) n
L40 40 or below
a  Lightness shall be rounded off to integer.

4.4.2 Hue

The letter(s) shown in Table 4 designate the hue.

©1S0 2023 - All rights reserved 3
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4.5 Main

An elementa

4.6 Manu

Table 4 — Designation of hue

Hue angle?
Designation deg Description of colour name
Chroma of between 3,0 and 5,0
R 3-36 Red
YR 36-75 Yellow red
Y 75-103 Yellow
GY 103 - 148 Green yellow
G 148 - 186 Green
BG 186 - 225 Blue green
B 225-266 Blue
PB 266 - 302 Purple blue
P 302 -332 Purple
RP 332-0 Red purple
RP 0-3 Red purple
Chroma of between 0,8 and 3,0
R 0-55 Red
Y 55t0 120 Yellow
G 120 to 205 Green
B 205 to 285 Blue
P 285 to 350 Purple
R 350 to 360 Red
Chroma of 0,8,0or below
N | | Achromatic colour
a2 Lower limit exclusive, upperdimitinclusive.

facturing method

romponent element of coating

symbol designates the'main component element of the decorative metallic coating.

The symbols|shown in Tdlle 5 designate the manufacturing methods of the decorative metallic co

Table 5 — Designation of manufacturing method

ating.

Designation Manufacturing method
Ve Vacuum evaporation
Sp Sputtering
Ep Electroplating or Electroless plating?
opP Other process
a  Electroless plating includes autocatalytic plating and
immersion coating (see ISO 2080).

4.7 Example of designation

Decorative metallic coatings for radio wave transmissive application products for W band radio wave
(75 GHz to 110 GHz) with transmission loss of T0,4 level, having the appearance with the lightness of 90

© IS0 2023 - All rights reserved
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and the hue of BG (blue green), with the main material of chromium coated by sputtering process would
have the following designation:

EXAMPLE  StM D TO0,4/ L90 BG/ Cr/ Sp+

5 Characterization

5.1

Transmission loss of radio wave

The transmission loss of the specific radio wave frequency band due to the reflection and adsorption

shall

5.2

The definition of the parameters in CIELAB 1976 colour space, that is, lightnéss, L*, chr
chromaticities, a*, and b* are given in ISO/CIE 11664-4. These parameters shall be dg

accor

in acdordance with ISO/CIE 11664-4.

Colour names shall be determined from hue angles in accordance with Munsell colour syg

show

produycts with C* of 0,8 or below shall be defined as achromati©colour.

53
The s

characterization devices may be used. The samples*for characterization shall have the sa
and the same coating configurations as the products.

he determined in accordance with IEC 62431

Lightness and hue

Hance with [SO/CIE 11664-4. Hue angles shall be calculated from L*@%, and b* value

h in JIS Z 8721 and ASTM D1535 for the products with_ &Xabove 0,8. The colour

Sampling

hmpling shall be carried out in accordance with ISO 4519. The samples of which sizes

oma, C*, and
btermined in
b determined

tem (10 hue)
name of the

are fit to the
me materials
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Annex A
(informative)

Transmission loss measurement

A.1 Principle

This annex ciescribes an example of measurement method and some examples of measurement’n

of the radio|
application
described. T

his annex also shows the measurement results of the decorative indium~and chro

coatings by the free-space measurement method. These coatings are typically used for the radio

transmissived

applications such as the automobile exterior parts placed in front of'the millimetre

radar transnpitter-receivers of the collision prevention system.

A.2 Samp

A.2.1 Sam

le and measurement method

le

Multi layered structured samples as shown in Figure A.1, of which structure is similar to the deco

metallic coatings of radio wave transmissive parts used in“exteriors of automobiles, were prej

bsults

wave transmission loss of decorative metallic coatings for radio wave tranpsmiissive
broducts. A free-space measurement method for microwave and millimetre-wg

lve is
mium
wave
wave

rative
ared.

Samples havjing the same structure were also used in the colour measurements shown in Anmex B.
Detailed infgrmation of metallic coatings in these samples are listed in Table A.1.

Thickness of]
that small trd

also formed

The island-s
parts of aut

the metallic coatings was determined on the basis of the skin depth of radio waves in

ructured indium coatings are widely used in the emblem and other decorative ex
bmobiles in the market, to obtain both the low transmission loss of radio wave

insmission loss due to the absorptiefiican be expected. The calculated skin depths of iy
and chromium at 110 GHz are 620 nm and 763 hm, respectively. Discontinuous metallic coatings
fo lessen the transmission loss. Discontinuous metallic coatings, that is, island-strud
indium or micro-cracked chromium, wereprepared by sputtering or vacuum evaporation methog

order
1 dium
were
tured
S.

terior
s and

bright metalllic appearance. Micro-cracked chromium coatings are expected to exhibit both thle low

transmissior
coatings.

Five samples
expected to
or vacuum ey

NOTE

loss of radio waves and valued appearance similar to the bright electroplated chro

of chromiiim coatings and four samples of indium coatings shown in Table A.1, whi
have different radio wave transmissive characteristics, were manufactured by sput
aporation with different process parameters.

mium

th are
ering

Skin depth is a function of electrical conductivity and permeability of the material and radio wave

frequency. Skin depth is smaller at higher frequency. Calculated skin depths at 110 GHz, that is, at the highest
frequency under consideration, are the smallest ones.

© IS0 2023 - All rights re
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A.2.2

Radid
receiy
Form

Trans

P LUAL TESIIT

hder coat: resin

etallic coating: In or Cr

Wibstrate: polycarbonate, 100 mm x 50 mm x 2 mm
cident of millimetre wave

Figure A.1 — Sample

Table A.1 — Detailed Information of metallic coating

hla (A.5):

nmiission loss:

No. Main compopent el_ement Morpl_lology_ Manufacturing
of metallic coating of metallic coating method
1 Cr micro-crack Sputtering
2 Cr micro-crack Sputtering
3 Cr micro-crack Sputtering
4 Cr micro-crack Sputtering
5 Cr micro-crack Sputtering
6 In island Vacuum evaporatipn
7 In island Vacuum evaporatipn
8 In island Sputtering
9 In island Vacuum evaporatipn
Measurementtheory

wave transmission loss of the decorative metallic coatings is defined as the ratio of vgltage signals
red with@nd without the metallic coating for the same incident power. It is usually expressed by

T.=20logV,/V,

where

is radio wave transmission loss in dB;

brated by thru-reflect-line (TRL) calibration.

© IS0 2023 - All rights reserved
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A.2.3 Free-space measurement

4
Key
1 transmittjng antenna
2 sample
3  receivingjantenna
4 VNA
Figure A.2 +— Schematic representation of free-space measurement of radio-wave transmi

Electromagnetic signal was focused by antennas in mierowave and mm-wave frequencies in

to measure
micrometre.
i.e. K, Ka,V,

Reference [1].

The free-spa
three differe

scheme. Aft

calibrated V1

The measurd

A.3 Meas

Transmissio

and 110 GHz| The measurements were made for K, Ka and W bands. Their frequency ranges are 1

to 26,5 GHz,

1

¥ o

loss

the transmission loss by a VNA (see Figure A.2). Antenna position was adjusted
Free-space measurement method is usually adopted in the frequency bands over 1§

W, D, and H bands and beyond. The(band names of specific frequency ranges are gij

e system connected to VNA-was calibrated by TRL calibration method. In TRL calibr
nt types of standards, corresponding to thru, reflect and line, are measured in calib

er calibration, scattering parameter, i.e. transmission loss, can be measured b
NA.

ment configuratioh is similar to the test method described in IEC 62431.

nrementresults

lossés of 9 samples were measured in the radio-wave frequency ranging between 1

5sion

order
by a
GHz,
yen in

ation,
Fation
y the

8 GHz

26,5 GHz to 40 GHz, and 75 GHz to 110 GHz, respectively (see Reference [1]).

8 GHz

Measurement results of transmission loss are shown in Figure A.3 and are summarized in Table A.2.

© IS0 2023 - All rights reserved
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F

-

requency in GHz
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Ka Kh band
[ band

~
A

=
<

Figure A.3 — Measurement results of transmission loss for various samples

Table-A.2 — Measurement results at several frequency points

No.1 No.2 No.3 No.4 No.5 No.6 No.7 Noi{8 No.9
M4din componént
element Cr Cr Cr Cr Cr In In In] In
of retallic'coating
KDand 0,126 to| 0,179to | 0,568to | 2,715t0|0,785to| 0,168 to | 0,354 to | 0,448 to | 0,334 to
0,130 0,181 0,571 2,773 0,788 0,168 0,356 0,449 0,338
Kaband 0,227 to| 0,358 to | 0,630to | 3,076 to | 1,165 to | 0,124 to | 0,071 to | 0,375 to | 0,070 to
0,250 0,374 0,638 3,080 1,169 0,143 0,092 0,394 0,073
W band 0,979 to| 0,552to | 0,572to | 4,933 to|1,780to|0,312to| 0,198 to | 0,367 to | 0,103 to
0,996 0,581 0,672 4,937 1,782 0,312 0,199 0,393 0,103
©1S0 2023 - All rights reserved 9
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Table A.3 — Designation of level of transmission loss

No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9
Main component
element Cr Cr Cr Cr Cr In In In In
of metallic coating
K band TO,1 TO,2 TO,6 T2,8 TO,8 TO,2 TO,4 TO,4 TO,3
Ka band T,I(,)(’)Zg_ TO,4 TO,6 T3,1 T1,2 TO,1 TO,1 TO,4 TO,1
TO,6 -
W band T1,0 TO,6 TO.7 T4,9 T1,8 TO,3 TO,2 TO,4 TO,1

The typical radio wave transmissive application products for automobiles have the low transmjssion
loss of the specific radio wave lower than 2,5 dB. Samples other than the sample No. 4showdd the
transmissior1} loss significantly lower than 2,5 dB for all frequency bands tested (Table A.2, Tabl¢ A.3).
The sample No. 4 had the higher thickness of metallic coating than others had.

The indium [and chromium coatings with sufficiently low transmission loss (of radio waves|were
obtained by| forming of discontinuous structures using sputtering or vacduum evaporation| with
appropriate manufacturing parameters.

Designation pf the transmission loss for each frequency band is summarized in Table A.3. Designation

of the transmyission loss is specified in 4.3.2.

10
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Annex B
(informative)

Colour measurement

B.1 Principle

This dnnex describes an example of measurement method and some examples of meastirgment results
of th¢ colour characteristics of decorative metallic coatings for radio wave transmissive application
prodycts.

The decorative coating samples of indium and chromium were used. These coatings are typically used
for the radio wave transmissive applications such as the automobile exterier parts placed in front of the
millithetre wave radar transmitter-receivers of the collision preventionsystem.

B.2 |Sample and Measurement method

B.2.1 Sample

Multi|layered structured samples (see Figure B.1), of which structure was same as that used in the
transmission loss measurements shown in Annex Axwere prepared. Detailed informatign of metallic
coating in these samples are listed in Table B.1.

1
Y g,
SN —"3
‘ -
u
5
Key
1  tqp coat: resin
2 njetallic coating: In or Cr
3 uhder coatresin
4 syibstrate: polycarbonate, 100 mm x 50 mm x 2 mm
5 i]‘llnminnfinn

Figure B.1 — Multi layer structured sample

©1S0 2023 - All rights reserved 11
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Table B.1 — Detailed information of metallic coating

Processing
No. of sam- . Main component element .
ple Resin coat of metallic coating Manufacturing method

No.1 Under Coat Cr Sputtering
No.2 Under Coat Cr Sputtering
No.3 — Cr Sputtering
No.4 — Al/Cr Sputtering
No.5 — Al/Cr Sputtering
No.6 Top Coat No metal coating —
No.7 — In Vacuum evaporation
No.8 - In Vacuum evapordtion
No.9 Under Coat In Sputtering
No.10 Under Coat In Vacuum.evaporation

B.2.2 Meapurement method

B.2.2.1 Optics geometry

Figure B.2 sh
In usual, de

metallic thin|
which reflect
available sp¢
reflection. O
significantly

Optical geom

Measurg
commer

The diay
(6 in) wg

After md
CIE 1974

ows the schematic representation of optics geometry to-measure the spectral reflec
rorative metallic coatings for radio wave transmissive application products are @
film by sputtering or vacuum evaporation, and thé“optical property is the same as n
s the light regularly. To measure the optical praperty of such samples using a comme
ectrometer, the specular component include;{SCI) condition are used to receive 1
n the other hand, the specular component exclude (SCE) measurement usually
different results from the visual observation of the subject.

etry and methods to determine the'€olour characteristics were as follows:

the spectral reflectance in the visible range (from 400 nm to 700 nm each 10 nm) ¥
Cially available D/8° integrating sphere illuminator with SCI.

heter of the integrating-sphere is preferably large, and therefore a diameter of 15
s used.

asuring the spectral reflectance, calculate the CIELAB value based on D65 light sourg
standard caloerimetric observer. (See ISO/CIE 11664-4 and References [2], [3] and [4
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Figure B.2 — Optics geometry

B.2.2{2 Apertureand viewing area size

The aperture was controlled and the illumination diameter and viewing area diameter were variously
changed. If the thickness is on the order of the samples, there is effect of the edge logs error. The
illumination diameter was changed by changing the applied aperture size, and viewing diameter was
changedby changing the focal position of optics lens. Aperture diameters, LA, MA, SA and viewing area
diameter, LV, MV, SV were as follows:

— aperture diameter:
LA:30 mm;
MA:11 mm;
SA:7 mm;

— viewing area diameter:
LV:25 mm;
MV:8 mm;

© IS0 2023 - All rights reserved 13
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SV:4 mm.

B.2.2.3 Correction of reflectance for low hiding samples

There were some samples in which the metallic coating layer was thin and the transmittance was not
neglected due to the discontinuation of metallic coatings. Since the reflectance of such samples are
affected by backing, the spectral reflectance were measured by applying white and black backings, and
the corrected spectral reflectance, R(A) was obtained using Formula (B.1) and (B.2).

P()=1 - [Ryw(A) - Ripy (D]/[Ry,(A) - Ry(A)]

(B.1)

RA)=[Ry,

where

A
R,(A)
Ry(A)
Rpw(A)
Rip(A)

From the me
space under
ISO/CIE 11646

B.3 Meas

B.3.1 Datdg

Measuremen
are shown in

Significant ¢

w(A) - [1- PRy (D]/P(A)

is the wavelength;

is the spectral reflectance of white backing;

is the spectral reflectance of black backing;

is the spectral reflectance of a sample with white backing;

is the spectral reflectance of a sample with black backing.

4-4), and L*, C*,;, h,, are calculated from L*Za*, b* value.

lrement results

Reproducibility: effects of aperture and viewing area

Table B.2 and Figure B.3«

(B.2)

asured or corrected spectral reflectance, the I*.a*, b* values were calculated in CIELAB
the conditions of D65 light source and CIE:1976 standard colorimetric observel (see

t result of L* value deviation from average using various aperture and viewing arep size

ffects of apertureand viewing area diameter on the measurement results were not

observed.
Table B.2 — L* value\deviation from average measured with each aperture and viewing area
LA-LV LA-MV LA-SV MA-MV MA-SV SV-SV

No.1 0,17 -0,31 -0,37 0,18 0,11 0,22
No.3 U,17 -0,29 0,37 0,17 U,IT 0,2
No.4 0,17 -0,27 -0,42 0,18 0,10 0,24
No.5 0,12 -0,36 -0,32 0,11 0,04 0,41
No.6 0,21 -0,18 -0,22 0,10 0,02 0,06
No.8 0,09 -0,36 -0,30 0,30 0,05 0,22
No.9 -0,01 -0,02 -0,18 -0,04 -0,16 0,41
No.10 0,11 -0,08 -0,60 -0,05 0,41 0,21
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Key
AL* difference in lightness, L*
A aperture-view are size
LA-LV large aperture - large view area
LA-MV large aperture - middle view area
LA-SV large aperture - small view area

MA-MV middle aperture - middle view area
MA-SV middle aperture - small view area
SA-SV small aperture - small yiew area

Figure B.3 — L*.value deviation from average of each aperture and viewing area
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B.3.2 Spectral reflectance of low hiding sample
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Flgure B.4 — Low hiding sample spectrum reflectance measurement result

Measured ar]d corrected spectral reflectances of a low hiding sample (No.9) are shown in Figure B.4.
The correcteld spectral reflectance was lower than that with a white backing and higher than that with
a black backing.

This confirmls that the plausiblefspectral reflectance for L*, a*, b* calculation was obtained by corre¢cting
the raw datalaccording to B.Z2.3.

B.3.3 All samples measurement result

Colour characteristics of all samples in Table B.1 were measured using an integrating sphere with the
large aperture (diameter: 30 mm) and the large viewing area (diameter: 25 mm).

The values of %o b*€*;amd i1, are st T Tabte B-3; the plotof £*=¢*; Tsshowm i Figute B.5
and the plot of a* b* is shown in Figure B.6. Although L*, a* b* or L*¥, C*,,, h,,, values in CIELAB space
are determined in two decimal places, colour characteristics are represented according to the Munsell
colour space to make understand easier. Because the samples No. 7, No. 9 and No. 10 have low hiding
power, the white backing and black backing are used in the measurements of these samples. The values
corrected from the spectral reflectance using Formula (B.1) and (B.2) are shown.

The designations of colours and corresponding range of C*,; and the hue angle are shown in 4.4.2 and
Table 4. Measurement results of a*- b* and the colour designation are shown in Figure B.6.

The L* values of the samples with chromium coatings (sample No. 1 to 5) ranged from 78,32 to 93,41,
and C*,,, ranged from 0,55 to 2,28. The L* values of the samples with indium coatings (sample No. 7
to 10), L* ranged from 66,81 to 81,45, and C*,;, ranged from 0,50 to 1,96. The high L* values represent
the bright appearance, and the small C*, values show the achromatic or near achromatic colours.
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