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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.
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Introduction

This part of ISO 8254 deals with the assessment of the specular gloss of paper and board at an angle
of 20°, using a converging beam geometry commonly known as the TAPPI method and described in
TAPPI T653(2]. ISO 8254-1 and ISO 8254-2 deal with the measurement of specular gloss at 75°.

Although the word “measurement” is used, it is to be noted that this is strictly speaking only an
“assessment” because the definition of gloss (see 3.1) relates to a scale of visual perception, whereas
the method described uses a physical measurement of mixed regular and diffuse reflection. The exact
correlation between the visual perception and the scale established by the physical measurement is not

knoytHowever, this physical glossscate ras proved to be useful foramumberof techmicatapplications

and,|consequently, its standardization is justified.

© ISO 2016 - All rights reserved v
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Paper and board — Measurement of specular gloss —

Part 3:

20

° gloss with a converging beam, TAPPI method

This
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For 1

31
glos

copeE
part of ISO 8254 specifies a method for measuring the specular gloss of paper.and

coated, lacquered, highly varnished or waxed papers and high-gloss ink films:

E This part of ISO 8254 has been developed from TAPPI T653[2], ISO 2813#tl|and from ISO §

Normative references

following documents, in whole or in part, are normatively‘referenced in this docum
pensable for its application. For dated references, only the edition cited applies. B
ences, the latest edition of the referenced document (including any amendments) appli

| 86, Paper and board — Sampling to determine average quality

187, Paper, board and pulps — Standard atmosphere for conditioning and testing and p
toring the atmosphere and conditioning of samples

Terms and definitions

he purposes of this document, the/following terms and definitions apply.

5 (of a surface)

mode of appearance by which reflected highlights of objects are perceived as superimp

surf
[SOU
3.2

hce due to the directionally selective properties of that surface

RCE: CIE S 017/£:2011, 17-50013]]

regylar reflection

sped
refld

ular reflection
ction in accordance with the laws of geometrical optics, without diffusion

board at an

e of 20° to the normal to the paper surface. It is applicable chiefly to highly glossy/$urfdaces, such as

254-1.

ent and are
or undated
ES.

rocedure for

bsed on the

[SOURCE: CIE S 017/E:2001, 17-107731]

3.3

diffuse reflection
diffusion by reflection in which, on the macroscopic scale, there is no regular reflection

[SOURCE: CIE S 017/E:2011, 17-305[31]

3.4

specular gloss
measured variable equal to 100 times the ratio of the luminous flux reflected by the test-piece surface
into a specified aperture at the specified angle of specular reflection to that reflected by a gloss

stan

dard specularly reflecting surface under the same conditions
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4 Principle

Light incident on the test-piece surface at an angle of 20° to the normal and reflected from the surface at
an angle of 20° to the normal into a defined aperture is detected by a photodetector, the output of which
is displayed on a meter. The gloss scale is established by reference to the reflection from a standard
black glass of known refractive index. Annex B provides precision data.

5 Apparatus

5.1 Glossmeter

Ithasthe g
consists of:
a) asourc
b) alensg
c) asuital
d) aphotg
These comy

and optical

5.2 Glos:

5.2.1 Primary gloss standard, a flat, clean and polishied surface, having a refractive index of 1,54

587,6 nm (¢t
a scale relat
is an ideal, ¢

5.2.2 Hig
reflectance

If the refrad

bneral arrangement and relative dimensions of the principal parts described in Annex

b of light;

iving a converging beam of light incident on the test piece;

le device, such as a suction plate to hold the test piece flat, if requited;
detector to receive and measure certain of the rays reflected by, the test piece.

onents are combined in a light-tight housing that is matte black inside and is structu
y stable at the operating temperature.

s standards

he helium D-line). This may be shown by the Fresnel formulae to measure 100 gloss uni
ed to the theoretical primary gloss standatrd. The theoretical primary specular gloss stan
ompletely reflecting plane mirror having an assigned gloss value of 2 199.[4]

h gloss reference standard, a ¢lean plaque of polished black glass for which the 20° spe
has been computed from itsirefractive index measured at a wavelength of 587,6 nm.

tive index differs from 1,540, the gloss value shall be calculated as follows:

A. It

rally

10 at
'S on
dard

rular

M

G=100xK
where
2 2
0,5 0,5
n? cosg—( —sng) (n2 —sinzg) —cosg
+ U,0
n? cose +( — sng) (nz — sinzg) ’ + cose
K(n,g> = 5 5
2 2 2 05 2 .2 05
1,540“cose — (1 540“ — sin“g (1,540 —sin“g —coség

where
n
€
2

+

0,5 0,5
1, 540%cose + (1,5402 — sinzg) (1, 5402 — sinzs) +cose

is the refractive index of the glass;

is the angle of incidence.

(2)

© ISO 2016 - All rights reserved
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When € = 20°, the formula reduces to

K(n,20°) — 10,994

NOTE 1

2

5 5 0,5 5 05
0,939 7n —(n —0,117) (n —0,117) -0,9397

0,5 0,5
0,939 7n® + (nz —0,117) (nz —0,117) +0,939 7

3:2016(E)

(3)

If the refractive index is known, the gloss value can be calculated by adding or subtracting from 100,0

avalue of 0,29 for each 0,001 departure of the refractive index from the standard value of 1,540. For example, for

agla

This

ss of refractive index n = 1,523, the assigned gloss value G would be

0,29 (1, 540 — n)
=100 —
0,001

= 2901 — 346,60

=951

to quiartz standards for which n is about 1,46.

NOTE 2
of 1,567 for general materials (paint, plastics, ceramics) will report different gloss readings for p4
which are based on a refractive index of 1,540 and are not compatible with this part of ISO 8254.

5.2.

the paper to be tested. Such standards can consist of ceramic tiles which are sufficiently fl
statipnary without rocking when placed in the measurement position and are uniform in

cent
tiles
in ar

5.2.4
calib

Stor
or m
Alw
Clea
(Do

rem
stan
towg

The
stan|

method is, however, valid only for refractive index values between 1,50and 1,54. It is nd

Commercial gloss meters with 20° gloss scales based on International Standards with ref

Intermediate gloss standards, having a reflected*flux distribution comparable ¥

ral region larger in area than the illuminated area defined by Formulae (A.3) and (A.4). E
shall be calibrated against the high gloss reférence standard by a technically competen
instrument conforming to 5.1.

}  Working standards, having reéflected flux distributions corresponding to different
rated in the instrument concerned against a range of intermediate gloss standards.

e standards in a closed container when not in use. Keep them away from any dirt which
ar their surfaces. Never-place standards face down on a surface which may be dirty
y's hold standards bytheir side edges to avoid transferring oil from the skin to the stand
h standards in warm water and mild detergent solution, brushing gently with a soft 1
hot use soap solutions to clean standards.) Rinse in hot running water (temperature ne
bve detergent solution, followed by a final rinse in distilled water. Do not wipe interm
dards (5.2.3){The high gloss reference standard (5.2.2) may be dabbed gently with a lin
1 or other lint-free absorbent material. Place rinsed standards in a warm oven to dry.

refractive index of the surface, and consequently the gloss value of the high glos
dard"(5.2.2), might change slowly over a period of a few years. This could be accom

(4)

t applicable

ractive index
per samples

vith that of
t to remain
bloss over a
ach of these
[ laboratory

closs levels,

may scratch
br abrasive.
ard surface.
ylon brush.
ar 65 °C) to
bdiate gloss

-free paper

s reference
banied by a

loss

fumiformityttis Tecommended that this stamdard be sent toa techmicatly competen

t laboratory

at least once every two years for a check on its calibration and for possible repolishing to restore its
uniformity.[5]

5.3 Zero-gloss standard, consisting of a black velvet-lined cavity or any other suitable type of
black cavity.

NOTE

anin

terior black pyramidal construction.

© ISO 2016 - All rights reserved
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6 Sampling

Samplingis notincluded in this part of ISO 8254. If the mean quality of alotis to be determined, sampling
shall be carried out in accordance with ISO 186. If the tests are made on another type of sample, make
sure that the test pieces are representative of the sample received.

7 Prepa

ration of test pieces

Avoiding watermarks, dirt and obvious defects, cut at least five test pieces (10 pieces if both sides are to
be measured) each of sufficient size to completely cover the test-piece opening of the instrument. Keep

the test pie
at 23 °C and

Exposure
relative hu
exposed to

8 Calibry

8.1 Cover
check and 4
the high gl
equal to the

8.2 Rechsd
to a dark rq

[€ Clean and do Not nandie the area to be tested. CONdition the Test pieces I an atmosp
50 % relative humidity according to ISO 187.

paper to high humidity could irreversibly decrease the gloss. If papers are tested
idity higher than 65 %, or if there is reason to believe that the sample might have
h relative humidity higher than 65 %, this should be stated in the test report:

ation of the instrument

the test-piece opening with an opaque material and, with the gloss-meter source turne

ss reference standard (5.2.2) and adjust the scale confrols to give an instrument rea
value of the gloss standard.

ck the zero of the instrument with the test-piece opening either uncovered and exp
om or covered with a zero-gloss standard (5.8) to prevent external light from entering

receptor window. With the source turned on, the zero%eading should agree with the source-off

setting.

NOTE D
8.3 Reins
correct glos
(5.2.4) and
from the as
and photonj
calibration.

NOTE C
the instrume

9 Proce

9.1

isagreement in the zero readings suggests that unwanted light rays are entering the receptor win

brt the high gloss reference standard (5.2.2) and adjust the instrument as before to giv{
s value for the standard. Ipsert an intermediate gloss standard (5.2.3) or a working stan
see that the instrumentreads it correctly. If the reading differs by more than one gloss
bigned value, the instrunmient should be checked for conformance to the geometrical, spe|
etric requirements;and the International Standards should be checked with respect to

brrect readingson the high gloss reference standard and intermediate gloss standard suggest
ntis in approximate, but not necessarily exact, conformance with the apparatus specifications

dure

ere

at a
been

1 off,

djust the zero of the meter. Turn on the source and, after 4 stiitable warm-up period, isert

ding

psed
r the
Zero

dow.

e the
dard
unit
ctral
their

that

Insert a working standard at frequent intervals to ensure that the instrument remains in calibration

throughout the period in which the gloss measurements are being made, and again at the end of the test.

9.2

Insert a test piece, make sure that it is flat and read the gloss value from the meter. Record the gloss

value readings for all four directions, in the machine direction and counter-machine direction and in
both cross directions. Repeat the measurements for a total of at least five test pieces.

9.3

If required, make similar measurements on the other side of the paper using new test pieces.

© ISO 2016 - All rights reserved
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10 Calculation and expression of results

Calculate the mean and standard deviation for each side separately, and express the results to one
decimal place. If required, calculate the means and standard deviations for the different directions
separately.

11 Testreport
The test report shall contain the following information:

a hodaotn o d 1o nn A fFrncting.
1IIC UdilT dIituu l.ll(/l\/b \v sy L\/JLLAAE’

b) freference to this part of ISO 8254, i.e. ISO 8254-3;
c) precise identification of the sample, including the sampling procedure;

d) the number of independent gloss readings, the average gloss value and thé)standard deviation for
bach side and for each sheet direction, as required;

e) hny particular points observed in the course of the test;

f) pny departure from this part of ISO 8254 or any circumstances‘that may have affected the results.

© IS0 2016 - All rights reserved 5
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Annex A
(normative)

Specification of the optical system of the gloss meter

A.1 General

The gloss mieter shall consist of a light source, a lens that directs a converging beam of light onto'the ftest-
piece surfage, a source-field stop to define the required cone of light, and a receptor housingcontaining
alens and ajphotodetector to evaluate the intensity of the light flux within this cone. A general sketth of
the optical $ystem is shown in Figure A.1.

1

Key
elliptical illuminated area of test-piece
test piede plane

apertur¢ stop

source dbjective lens

source fleld stop

lamp
round r¢ceptor window
filter
photodetector

O 0 N O U1 H W N -

Figure A.1 — 20° gloss meter optical system

A.2 Geometric conditions

The axis of the incident beam shall be at an angle of (20,0 £ 0,1)° to the perpendicular to the surface under
test. The axis of the receptor shall coincide with the mirror image of the axis of the incident beam with a
tolerance of +0,1°. When a flat piece of polished glass or other front-surface mirror is placed in the test-
piece position, an image of the source-field stop shall be formed at the centre of the receptor window.

6 © IS0 2016 - All rights reserved
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The receptor window shall be round in shape and of such a diameter that the receptor aperture angle is
a solid angle of (5,00 + 0,40)° with respect to the centre of the illuminated area in the plane of the test

piece (see Figure A.2). The diameter, W, of the receptor window is thus given by:

W =2Dtan (2,5 + 0,20)°

where, D, is the distance from the plane of the sample to the plane of the receptor window.

(A1)

The combination of source field stop and source objective lens shall ensure that the aperture stop
is overfilled with light and shall yield an image of the source-field stop at the centre of the receptor

win

ow, such that the source-image aperture angle is a solid angle of (4,0 + 0,4)° with respect to the

cent
is th

The

Figure A.1) given by:

and

NOT
systd
optid

As a
piec
this
piec

The

whe

Alth
D, ar

e of the illuminated area in the plane of the test piece (see Flgure A.2). The diameter,&;
Lis given by:

 =2Dtan (2,0 +0,20)°
lluminated area of the test piece will be an ellipse with an unsharp contowr with a shor

4 = 4Dtan (2,0 =+ 0,20)

b long axis B given by

4Dtan (2,0 + 0,20)°

cos 20°

B =

£ 1 For a full description of the derivation of these formulae, detailed reverse ray diagrams
s based upon the angles and distances specified and the reverse ray diagrams are therefore not i

h example, if D = 126 mm, then A =176 mm and B = 18,7 mm, and the illuminated are
b is (MAB)/4 = 258,5 mmZ2. A shatild be larger than any structures in the surface, i.e. 2

bs should be increased accordingly in order to ensure that an adequate area of the samy
diameter S of the aperturé stop is given by:

K =2 (2D + F) tad(2,0 + 0,2)°

e, F, is the distance of the aperture stop from the plane of the test piece.

bugh F.appears to be arbitrary, tests have shown that optimal results are obtained if F
d itiSrecommended that this relationship be followed.

The

bf the image

(A.2)

t axis A (see

(A.3)

(A4)

bf the optical

m originating at the centre of the test piece are'vequired. The calculations are, however, a questjion of simple

hcluded here.

h of the test
10 mm, and

means that the length D should be = 72 mm. If D is shorter than this distance, the nuinber of test

le is tested.

(A.5)

= (0,7 +0,1)

diameter of the source field stop and its distance from the aperture stop are depende

t upon the

choice of source objective lens. The angular diameter G of the source-field stop is related to the size of
its image I on the receptor window and is calculated (see Figure A.2) as

D
G=(40+04)° —— (A.6)
(F+D)
NOTE2 IfF=0,7D,G=2,35°
There shall be no vignetting of rays that lie within the field angles specified.
© IS0 2016 - All rights reserved 7
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Key
1
2
3

image d

NOTE T
the geometr

Key

1 specime
2 image

3 aperturg
4  source fi

aperturg

window]|

«
20° < _
L° L
~/ & =
50
! |
2 W
3
stop
ameter
diameter

his figure is not intended to represent the actual paths of light rfays. It is presented as a referend
c specifications only.

Figure A.2 — Geometric diagram

| F | D |
S 1
&
L 3 2
n
stop
eld stop

lfigure A.3 — Geometrical system defining the angle of the source-field stop

A.3 Spectral conditions

e for

The incandescent light source shall operate at a colour temperature of (2 850 + 100) K. The combination
of light source, photoelectric detector, and associated filters shall give a spectral sensitivity
approximating the CIE photopic luminous efficiency function weighted for CIE standard [lluminant A.

A.4 Photometric conditions

The device converting and displaying the receptor output shall give an indication proportional to the
light flux passing the receptor field stop with an error not exceeding +0,2 % of the full-scale reading.
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