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1. Scope For scattering and absorbing colorants (pigments), both ab-

1.1 This test method describes the determination of th&0rption and scattering tinting strength must be specified.
absorption tinting strength of a chromatic test paint relative to 3-1.2 tinting strength, absorptioa-relative change in the
that of a standard or reference paint of the same chemical typ@PSorption properties of a standard white material when a
The procedures are based on dilution of the paints with §Pecified amount of an absorbing pigment, black or chromatic,
standard mixing white paint, followed by instrumental mea-i added toit. o o _
surement and calculation. Provision is made for correcting the 3-1.2.1 Discussior—This is the common definition of tint-
results for small differences in hue or chroma, or both, betweeH'd strength; however, this definition of the term can be
the test and reference chromatic paints. misleading. For example, the tinting strength of a yellow

1.2 This test method is intended for the comparison ofcolorant depends on its scattering as well as its absorption. Its
paints containing the same type of vehicle (acrylic, alkyd, orinting strength as determined from a mixture with white
oil) and single-pigment colorants of the same Colour Ifdex provides no information about its behavior when mixed with
name and number. The amounts of the pigment and of the othé&W-Scattering colorants, such as a black. _
components of the paint need not be known. 3.1.3 tinting strength, scatteringrelative change in the

1.3 This standard does not purport to address all of theScattering properties of a standard black material (with no
safety concerns, if any, associated with its use. It is thevhite pigment present) when a specified amount of a white or
responsibility of the user of this standard to establish appro-Chromatic scattering pigment is added to it.
priate safety and health practices and determine the applica- 3:1-4 For other definitions, see Terminology E 284.

bility of regulatory limitations prior to use. 3.2 Definitions of Terms Specific to This Standard:
3.2.1 drawdownr—a layer of paint deposited on a substrate
2. Referenced Documents by use of a drawdown bar to evaluate the characteristics of the
2.1 ASTM Standards: paint. _ _ B
D 1640 Test Methods for Drying, Curing, or Film Forma- 3.-2.2 drawdown ba+—a bar designed to deposit a specified
tion of Organic Coatings at Room Temperafure thickness of wet paint film uniformly on a specified test panel

D 4303 Test Methods for Lightfastness of Pigments Used irP! other substrate.
Artists’ Paint$
E 284 Terminology of Appearante 4. Summary Of_ Test_ Method ) ) ) ) ]

Using the CIE Systefh mixtures that will produce a drawdown having 35 to 45 %
E 1164 Practice for Obtaining Spectrophotometric Data foréflectance factor at the wavelength of maximum absorption.
Object-Color Evaluatich 4.2 Drawdowns of these mixture paints are produced at
complete hiding.
3. Terminology 4.3 The drawdowns are measured to obtain tristimulus filter
3.1 Definitions: readingsR, G, Beither directly or by computation from CIE

3.1.1 tinting strength—measure of the effectiveness with tristimulus valuesX, v, Z _
which a unit quantity of a colorant alters the color of a material. 4.4 One of the samples is designated the standard, and the
percents of tinting strength, %S of the others are calculated
* This test method is under the jurisdiction of ASTM Committee D-1 on Paint re_lat“_/e _tO that of the standard. P_I’OVISIon |s_made for correcting
and Related Coatings, Materials, and Applications and is the direct responsibility oIS tinting strength for small differences in hue, chroma, or
Subcommittee D01.57 on Artist Paints and Related Materials. both, between the standard and the test specimen, and for

Current edition approved June 24, 1988. Published November 1988. obtaining an average tinting strength and a range.
2 Colour Index The Society of Dyers and Colourists, London, 1987. Available

from the American Association of Textile Chemists and Colorists, P.O. Box 12215 [T
Research Triangle Park, NC 27709. S. Slgmﬂcance and Use

% Annual Book of ASTM Standardéol 06.01. 5.1 Tinting strength may be one factor in judging the
4 Annual Book of ASTM Standardgol 06.02.
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relative economic value of paints, since pigment concentration 6.5 Mixing White Paint prepared as described in the Speci-
contributes to strength in a major way; other factors aramen Preparation, Mixing Whites for Dilution of Colors section
formulation and color development in grinding. The user mayof Test Method D 4303. Alternatively, a commercial titanium-
also select products for other properties, such as transparendjpxide white artists’ paint may be used. The mixing white
that are accompanied by different tinting strengths. The resultgaint must be made with the same vehicle type (acrylic, alkyd,
of this test method may be used for production control oror oil) as the paints to be tested.
quality comparisons. ) )
5.2 The product with the greatest or the least tinting strengtf{- Specimen Preparation
may not be the most desirable for a given artistic use. For 7.1 Obtain representative samples of the chromatic paints to
example, low tinting strength may lead to the need to use abe tested. For tube paints, expel the entire contents of the tube
excessively high pigment concentration to obtain a desirednd mix thoroughly before sampling.
color effect, and this may lead to defects in the dry paint film. 7.2 Determine the approximate amount of chromatic paint
5.3 This test method applies only to single-pigment paintsto be added to 20 g of mixing white paint to obtain a drawdown
The tinting strength of paints that contain two or morewith 35 to 45 % reflectance factor at the wavelength of
chromatic pigments with different optical properties cannot beamaximum absorption. If the amount of chromatic paint is not
evaluated by this test method. known in advance, consult the tables in Appendix X1. For
5.4 The term “similar chemical type” used in 1.1 does notpigments other than those listed, use as the general guideline
limit the ingredients in the paints to identity, but refers tothe addition 65 g of chromatic paint containing an inorganic
compatibility in the case of vehicles and to similarity in the pigment @ 1 g of chromatic paint containing an organic
case of pigment types. pigment to the 20 g of mixing white paint.
5.5 While the instrumental evaluation of tinting strength is Nore 1—Appendix X1 of Test Method D 4303 describes a method for

desc_rl_bed, visual comparisons can als_o be us_ed, \.Nlth IOWGf:romputing the necessary adjustments in quantities required if additional
precision, and should be made to provide confirmation of theais are needed to obtain the desired level of reflectance factor.

instrumental and computational results.
5.6 If the sample and standard are widely different in

appearance when prepared at the same ratio of chromatic 7.4 Prepare drawdowns by placing the paint mixture at one

white paint, another sample should be prepared to bring the . X
two closer in appearance, to obtain the most accurate result .nd of an opac[ty chartand pulling the drawdown t_)ar smoothly
rough the paint and across the chart. Paste paints should be

5.7 The quantities of chromatic and white paints mixed . : .
must be accurately known, on either a weight or a volum spread with a spatula or palette knife over the entire chart area
' 0 be covered before pulling the bar down the chart.

EZZE"&ngiﬁggﬁemraﬂon of pigment in the chromatic pain 7.5 Allow the drawdowns to reach the dry-to-touch time as
y %escribed in the Procedure section of Test Method D 1640.

7.3 Weigh out the chromatic and mixing white paints to the
pgarest 0.01 g, and mix thoroughly.

5.8 When the paints being compared have the same vehic . . oo . .
and pigment (same Colour Index name and number) the valu cry!|c paints should dry In air overmght..AIkyd paints may
of uncorrected tinting strength from 9.1 and corrected tintingrequlre > dayg to dry. Oil paints may require 2. months to dry.
7.6 Determine whether each drawdown is at complete

strength from 9.2 should be nearly the same. If they are not, an. 1a by measuring the portions of it over the black and over
average of the two tinting strengths is recommended as the be IP g by 9 P . -
white areas of the chart to determine tristimulus v¥oe

estimate of the true value, and a range provides a measure . X .
the magnitude of the uncertainty, which is due to differences i olorlmeter. readings. If the quotientYg/Y,, or Gg/Gyy, where .
he subscripts refer to measurements over black and white,

hue or chroma, or both, between the paints. respectively, is greater than 0.98, the drawdown can be
5.9 Strictly speaking, the Kubelka-Munk-type analysis Ofconsidered at complete hiding. If the drawdown is not at

this test method should not be applied to the tristimulus filter molete hidina. orepare a thicker drawdown or a drawdown
readings used, but only to spectral data. For the purposes of tEemP 9. prep

relative comparisons of this test method, however, the errorg]ade with multiple coats of paint, one over another.
introduced by the calculations used cancel to an adequateNote 2—At the required dilution with white, a drawdown bar with an

degree. aperture of 0.006 in. (0.15 mm) will usually make a drawdown at
complete hiding. In the cases of some acrylic paints and a few oil paints
6. Apparatus and Materials it may be necessary to increase the aperture to 0.010 in. (0.25 mm) to

_ : : e obtain complete hiding. If this leads to a slow-drying film or a film that is
6.1 Laboratory Balancetop-loading, having a sensitivity of wrinkled when dry, multiple coats can be applied by depositing a second

0.01g. . . 0.006 in. (0.15 mm) coat, drawing down at a right angle to the first coat.
' 6.2 D.rawdow'n baf_S capable of producing smooth pam’t After this coat dries, a third coat can be applied if necessary by using a
films with wet-film thicknesses between 0.003 and 0.010 inshorter bar that rides over the previous coats.

(0.075 and 0.25 mm).
6.3 Opacity charts sealed-paper type with black and white 8- Procedure

areas. 8.1 Obtain values dR, G, Bfor each sample by either of the
6.4 Color-Measuring Instrumenteither a spectrophotom- two following procedures.
eter providing 1931 CIE tristimulus values, Y, Zfor CIE 8.1.1 Measure the drawdown with a spectrophotometer or a

standard illuminantC, or a tristimulus colorimeter providing tristimulus colorimeter to determine 1931 CIE tristimulus
either such tristimulus values or colorimeter readiRgss, B valuesX, Y, Zfor CIE standard illuminan€. Follow Practice
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E 1164 and Practice E 308. If hemispherical (integrating- 9.1.5 Select the value & to be used in the calculation of
sphere) geometry is used, measure with the specular comp® TS, by one of the following three methods:

nent excluded.

8.1.2 If a colorimeter that is direct reading R, G, Bis
used, measure these quantities.

8.2 If X, Y, Zare measured, calcula® G, Bby use of the
following equations:

R = (X/0.98— 0.22/1.18/0.8
G=Y
B=2/1.18

@
@)
(©)

9.1.5.1 SelecN based on the visually determined color of
the specimen: For blue and green specimens, sélgcfor
purple and red specimens, selBigt and for yellow and orange
specimens, seledlds. Relabel the selected valldlgpe-and
Ng1p for the specimens and the standard, respectively. Relabel
the remaining two values dfl as N2gpcand N3gpfor the
specimens andl25p and N3g for the standard.

9.1.5.2 If the specimen color cannot be classified accurately
in 9.1.5.1, select the lowest value &f as N1. The same

Note 3—The use of the 1931 CIE system (and standard observer) angelection must be made for the standard and all specimens to be
standard illuminan€ is specified because all known tristimulus colorim- compared. Relabel the values ¥fas in 9.1.5.1.

eters that are direct reading R, G, Bmeasure for these conditions. If

9.1.5.3 If the values dfi; andNg for the specimen are both

values ofX, Y, Zare obtained by spectrophotometry, the 1964 CIE systemq\ and approximately equal, follow the procedure in Annex

and other CIE standard illuminants may be used. Eq 1-3 are specific to
conditions, and must be replaced by the appropriate equations if oth
conditions are specifietiThe article referenced also discusses correcting

the measured values for surface reflections.

9. Calculation

9.1 Calculate uncorrected relative tinting strengthT %
as follows:

9.1.1 Using decimal-fraction values &, G, B calculate
Kubelka-Munk-type ratios of absorption coefficier, to
scattering coefficientS

(KIS = (1 - R¥2R
(KI9g = (1 — GY¥2G
(KISg = (1 — B)¥2B
9.1.2 Calculate the pigment concentration teZm
Cp = QJ(Q: + Qu)

4)
®)
(6)

@)

where:
Q. = quantity of chromatic paint, g,
Q. = quantity of white paint, g.

Note 4—If it is desirable to use volume rather than weight as the basis
for comparison of tinting strengths, determine the densities of the paints

and compute the volumes of the weighed samples. CalcGJal use of
Eq 7 using volumes instead of weights.

9.1.3 Calculate normalized values d{/§), denotedN, as
follows:

Ng = (K/9/Cp (8)
Ng = (KI9)/Cp 9)
Ng = (K/S)g/Cp (10)

lzﬁ;l to selectN and calculate the tinting strength.
9.1.6 Calculate 90§, as follows:

% TS)c = 100(N1gpedNlgrp) (11)

9.2 Calculate tinting strength corrected for differences in
hue and chroma, ®S., by use of the following equations:

dspec= N2spec+ N3spec (12)
dstp = N2grp + N3gp (13)

D = (dspec— dsrp)/2 (14)

% TS, = 100(N1lgpec— D)/Nlgrp (15)

9.3 Calculate average tinting strength,1%,,,, and rangd=
as follows:

% TSy = (% TS, + % TS)/2
E==*(%TSe— %TS2

(16)
an

10. Report

10.1 Report the following information:

10.1.1 Complete identification of the specimens, including
brand and color name, date of manufacture, and lot number if
_available.
10.1.2 Name of color-measuring instrument used, method
of standardization, and other information required in the
Report section of Practice E 1164 and Methods E 308.

10.1.3 Date of test.

10.1.4 Test results for W), % TS, or % TSy, and
range.

11. Precision and Bias®
11.1 Based on interlaboratory intercomparisons, the results

9.1.4 Select one of the specimens to be denoted the standRHthis test method agree to withi6 % on an absolute basis.

and assigned the value of 100 % tinting strength. The tintin
strength of the remaining specimens will be determined rel

tive to that of the standard.

5 Johnston-Feller, R. M., and Bailie, C. W., “Determination of the Tinting

Strength of Chromatic Pigments Journal of Coatings Technologyol 54, No.
692, 1982, pp. 43-56.

512. Keywords

12.1 artists’ paints; chromate coatings; tinting strength

8 Supporting data are available from ASTM Headquarters. Request RR:D01-
1057.
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ANNEX

(Mandatory Information)

Al. PROCEDURE for PIGMENTS WITH TWO SEPARATED ABSORPTION MAXIMA

Al.1 The tinting strength of pigments, such as chromium D = (Ng.spect Ng st0)/2 (A1.3)
oxide green, for which botiNg and Ng are low and approxi- %TS,c = 100 NUM/DENOM (A1.4)
mately equal, must be calculated by the following equations: %TS. — (NUM — D)/DENOM (ALS)

NUM = (Ng spect Ng.sped/2 (A1)
DENOM = (Ng sp + Ng s70)/2 (AL1.2)
APPENDIX

(Nonmandatory Information)

X1. TABLE ILLUSTRATING WEIGHT of ACRYLIC PAINT to MIX WITH 20-g of MIXING WHITE PAINT

Table X1.1 shows the approximate weight of acrylic paint to
mix with 20-g of mixing white paint.

TABLE X1.1 Approximate Weight of Acrylic Paint to Mix With
20-g of Mixing White Paint

Pigment Name Colour Chrgmatic
Index Name Paint, g
Alizarin crimson PR 83 25
Azo yellow medium PY 74 25
Burnt umber PBr 7 3.0
Cadmium-barium orange PO 20:1 25
Cadmium-barium red medium PR 108:1 4.0
Cadmium-barium yellow light PY 35:1 4.0
Cadmium-barium yellow medium PY 37:1 3.3
Cerulean blue Co-Cr PB 36 9.0
Cerulean blue Co-Sn PB 35 10.0
Chromium oxide green PG 17 4.0
Cobalt blue PB 28 5.0
Dioxazine purple PV 23 RS 1.0
Hansa yellow light PY 3 3.0
Naphthol AS-OL red PR 9 25
Naphthol red light AS-D PR 14 2.0
Phthalocyanine blue PB 15 0.4
Phthalocyanine green PG 7, PG 36 0.5
Raw sienna PBr 7 4.0
Raw umber PBr 7 6.0
Red oxide PR 101 1.0
Ultramarine blue PB 29 4.0
Yellow oxide PY 42 4.0
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



