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This standard is issued under the fixed designation D 3360; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope 1.4 This standard does not purport to address all of the

1.1 This test method covers the determination of thesafety concerns, if any, associated with its use. It is the
particle-size distribution in the sub-sieve size range of thdeSponsibility of the user of this standard to establish appro-
common extender pigments such as aluminum silicate (kaoliRfiate safety and health practices and determine the applica-
clay), magnesium silicate (talc), calcium carbonate (calcite oPility of regulatory limitations prior to use.
dolomite or precipitated calcium carbonate), and mica pig- Referenced Documents
ments, and may also be extended to the denser prime pigments

such as the white titanium pigments (rutile or anatase) and 2-1 ASTM Standards: _ ,
similar mineral pigments when and if such information is of D 280 Test Methods for Hygroscopic Moisture (and Other

concern. Particle-size distribution has significance in the evalu- _Matter Volatile Under the Test Conditions) in Pigménts

ation of rheological and pigmentary properties of pigments in D 422 Test Method for Particle-Size Analysis of Sbils
paint and also may sometimes be used to characterize theD 1193 Specification for Reagent Weter
identity or grade of pigments. E 100 Specification for ASTM Hydrometérs
1.2 Sedimentation methods having as their basis Stoke’s E 300 Practice for Sampling Industrial Chemicdls
law have found general acceptance for this purpose. Results age Summary of Test Method
expressed in terms of equivalent spherical diameter (e.s.d.), the L ) ) .
diameter of a sphere having the same specific gravity as the 3._1 F_or the determination of partlclg-suze d_|str|but|on _by the
particle in question and which settles at the same rate. Mo&PPplication of Stokes’ law to the sedimentation of particulate
mineral pigment particles are more or less asymmetrical, buff@terial out of an initially homogeneous suspension, any
despite differences in the relationship between equivalerfyStematic set of measurements which permit the determina-
spherical diameter and actual dimensions, the results of 4on Of the suspension density (that is, the “percent solids”) at
sedimentation particle-size analysis can be correlated readifPMe defined distance beneath the surface of the suspension at
with many pigment properties. ome appropriately selected series of sedimentation time du-
1.3 Procedures limited to gravitational sedimentaft? rations can be converted to a particle-size distribution. In this
are relatively inaccurate for pigment particles smaller tharProcedure, the suspension density is estimated at the effective
about 1 pm e.s.d., and centrifugal procedures may be requir stance beneath the suspension surface of the center of gravity

for the much finer ranges. Nevertheless, the data obtainedf @ floating hydrometer observed at a series of convenient time
above the 1-um limitation provide useful information. This testiNtérvals selected to increase roughly exponentially.

method is particularly applicable to pigments if a major Nore 1—Any alternative system that provides an equivalent set of
fraction of the particles fall in the range from about 15 to 1.5measurements (for example, the Andreasen Pipet Metioodiny of the

um, but have a total particle-size range of at least two decade@ptical sampling methods based on change in turbidity, light scattering,
and light or X-ray absorption, etc.) will also yield a particle-size
distribution. Methods based on optical measurements, however, are much
less generally applicable because of certain technological limitations too
1 This test method is under the jurisdiction of ASTM Committee D-1 on Paint complex to be dealt with here.
and Related Coatings, Materials, and Applications and is the direct responsibility of

Subcommittee' p01.31 on Pigment Specifications. . N 4. Apparatus
Current edition approved May 10, 1996. Published July 1996. Originally L. . .
published as D3360 — 74. Last previous edition D 3360 — 80 (1989). 4.1 Stirring Apparatuscommonly known as a “malted milk

lgéé\lort%rg F. H., and Speil, SJournal of the American Ceramic Socig¥pl 21, mixer,” with a vertical high-speed shaft (approximately 10 000
» p. ©9.
3 Casagrande, A., “Hydrometer Method for Determination of Fineness Distribu-
tion of Soils,” Julius Springer, Berlin, 1934. —_—
4 Andreasen, A. H. M., “The Evaluation of Ground Materialkglloid Biehefte 8 Annual Book of ASTM Standardgol 06.03.
Vol 27, 1928, p. 349. 7 Annual Book of ASTM Standardgol 04.08.
S Lane, Marvin K. “Improved Method for Measuring Particle Size Distributions 8 Annual Book of ASTM Standardgol 11.01.
by Gravity Sedimentation with a Hydrometer,” A Work Manual by Lane, M. K., ° Annual Book of ASTM Standardéol 14.03.
4147 West Byron St., Chicago, IL 60641. 10 Annual Book of ASTM Standardgol 15.05.
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FIG. 1 Casagrande Nomographic Chart

r/min) tipped with a 25-mm diameter sine-wave impeller. The 4.6 Time—A stopwatch, or the equivalent, and an ordinary
preferred mixing cup is a stainless steel cup about 180-mmwatch or clock.
deep and slightly tapered from an outside diameter at the top of 4.7 Balance sensitive to 0.01 g.
about 100 mm to about 70 mm at the bottom. Some very fine 4.8 Drying Oven with accurate thermostatic control to
particle pigments may require additional shear for completet2°C at 110°C.
dispersion. In some circumstances, dispersion in a blender cup4.9 Wash Bottle containing reagent water.
at maximum r/min may be considered instead of preparation 4.10 Casagrande Nomographic Cha(see Fig. 1).
with a “malted-milk mix_er.” (S_ee 7.3._) _ _ 5. Reagents

4.2 Hydrometer certified with a minimum of 3 points of . L
certification, graduated in units of specific gravity, and having,_ -1 Purity of Water—Unless otherwise indicated references
a range from 0.995 to 1.038. The approximate dimensions ar@ Water shall be understood to mean Type Il reagent water

as follows: bulb length, 139 mm, bulb diameter, 31 mm, anoconfgrrn_ing to_Specificatior;] Dc}flf%. . d di
overall length 280 mm. Such a hydrometer is identified as a >.2 Dispersing Agents-The different pigments, depending

“Soil Hydrometer® in Specification E 100, and is also de- on their specific surface properties, may require differing
scribed in Test Method D 422 dispersant systems to effect optimum stable dispersions.
4.3 Sedimentation Cylinderglass, (two or more), having Among the various common dispersing agents which have

an inside diameter of about 65 mm and an overall height of 458een found usefl_JI are.
mm with a calibration mark to hold 1205 nfL. 5.2.1 Tetrasodium PyrophosphateTSPP  (NgP,07)—A

o freshly prepared 5 % solution of TSPP in water.

4.4 Thermometeraccurate tot0.1°C over a range from 15 ;

to 35°C G g 5.2.2 Sodium HexametaphosphatéNaPQ,)e.
) 1

4.5 Water Bath large enough to accommodate two or more 5.2.3 Calgodn T 0 Ve di 1
of the sedimentation cylinders immersed to slightly above the 5'3'4 Dfaxa 30 (%5 g?ctlvg |s§ersan )2'%
1205-mL graduation mark, and having circulating water and 5.2.5 D'.fpex.N'A' (40 % ?‘C“V‘?l |spersan| il hol h
means for keeping its temperature throughout the bath to 5',3 '?‘nt' oaming Ageni-Pine oll, or capryl alcohol, or the
within =0.1°C over a range from 18 to 30°C. equivalent.

Note 2—In place of the water bath, the procedure may be carried out 1:caigon T, Calgon Corp., P. O. Box 1346, Pittsburgh, PA 15230.

in a constant-temperature room controlled to the same precision as noted 12 paxad 30, W. R. Grace, 3 Hanover Square, New York, NY 10004.
in 4.5. 13 Dispex N-40, Allied Colloids Inc., 1 Robinson Lane, Ridgewood, NJ.
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6. Test Specimens and Sample variable degree to form flocs which descend as loosely associated groups

. r clusters of particles. When this occurs the apparent test results are much
6.1 Sampling procedures should conform to the gener'Eﬁoo “coarse.” Signs of flocculation prior to or during the sedimentation test

practice outlined in Practice E 300. may be any or all of the following:

6.2 Specimen SizeAt least 50 g of well-pulverized pig- (a) Large clusters or pigment flocs suddenly become visibly apparent in
ment is required for each particle-size distribution determinathe sedimenting suspension.

tion. (b) An ill-defined, loosely mobile bed of sediment flocs may form at
the bottom of the cylinder. If the pigment has been properly and stably
7. Procedure dispersed, the sediment bed will be dense, solidly and tightly packed,

- . . well-defined, and may appear to be graded in size if the particle size is
7.1 Determine the moisture content of the pigment bywidely distributed. Such a dispersed sediment bed is extremely difficult to

drying a 10-g sample to constant weight at 110°C essentiallyes;spend by simple shaking and mixing.

as described in Test Methods D 280. (c) Avery clear layer of solution may suddenly appear at the top of the
7.2 Weigh out the equivalent of 3@ 0.05 g of dry cylinder, and this clear layer gradually descends with a definite demarca-

(moisture-free) pigment. (In the special case of predisperseibn between clear solution and “flocculated” sediment. If the pigment has

aluminum silicate pigments, weigh out 30.400.05 g of dry been properly and stably dispersed, there will always be a slight residual

; turbidity extending to the surface of the suspension due to ultra-fine
samp:e. For dhensl((jarbplngéentSdSIUChbaStz'lé(?D gr 4.0), the particles which remain in stable suspension even to the end of the test.
sampie sizé s ,Ou ere l,Jce 0 a, ou . 9.) (d) Slight or partial flocculation (that is, when only a few flocs form
7.3 Preparation of the Pigment DispersierPlace 150 t0  jntermittently during the settling period) is more dificult to detect.

200 mL of distilled water in the mixing cup, start the mixer, Evidence for this occurrence is also the clear zone of solution at the
add the pigment sample, and stir for 5 min. Then add theurface of the suspension as well as a qualitatively* looser” sediment bed.
amount and type of dispersant (see Note 3) as suggested $tight or partial flocculation is particularly difficult to detect when the size
Table 1, and mix for an additional 5 min. Loose agglomeratedlistribution of the pigment is very narrow. o

or flocs must be broken up into individual particles, but it is (e) One may be sure with confidence that flocculation is not a source of

Vi tant t id hanical attriti fth ticl error in the test results by running a series of sedimentation tests on the
equally important to avold mechanical attrition ot th€ particles,q, e pigment sample using different dispersing agents over an appropriate

especially in coarser pigments. For most common pigments, @nge of dispersant concentrations. That sedimentation test that yields the
10-mm mixing period is sufficient. finest distribution is the one least likely to contain flocs and most likely to
7.4 Transfer the suspension into one of the graduatetkpresent the “actual” size-distribution. Dispersion requirements so deter-
sedimentation cylinders, rinse out the mixing cup several time&ined then become “standard for that particular pigment type.”
to ensure complete transfer of the sample, and finally dilute to NoTe 4—The bath may be held at any constant temperature between 18
the 1205-mL mark with distilled water adjusted to the sam and 30 ? preffctar:at?beonli/ a few degrees above the normal maximum
temperature as the water bath. If needed (but only if needeﬁ?mpera ure o . € faboraton: o o
add a drop of the antifoaming agent. Close the mouth of the 7-5 Immediately after this final mixing, replace the sample
cylinder with a rubber stopper to fit (No. 13) or with the palm cylinder in the bathZ insert the hydrometer into it, and 5|_mul-
of the hand, and mix the suspension in the cylinder by inverting?aneously start_the timer. _Immerse the hydrometer only slightly
several times with shaking. Place the cylinder in the constar®Y0nd the point where it floats freely.
temperature bath (see Note 4) and stir the suspension occa-7-6 Takg hydrometer.readlngs at such mte.rvals that the tqtal
sionally with a glass rod to prevent sedimentation. Make gccumulative elapsed times form an approximate geometrical
reference (blank) solution by filling the second cylinder to theProgression. A convenient series of time intervals is 1, 2, 2, 5,
mark with distilled water containing the same amount and type-0: 10, and 30 minand 1, 2, 3, 7, and 10 h, which together yield
of dispersant as used with the pigment sample, and place alo) €lapsed time series of 1, 3, 5, 10, 20, and 30 min and 1, 2,
side in the bath. When both cylinders have attained thé 7, 14, and 24 h. Read the hydrometer at the top of the
temperature of the bath, remove the cylinder with the susperfleniscus, to the nearest estimated 0.001 units of specific
sion and remix by inversion and shaking as before. gravity. After the first two or three time intervals, it is good

TABLE 1 Examples of Recommended Dispersants and Suggested Dispersant Concentrations

Pigment Specific Gravity Recommended Dispersant Concentration, or Amount per 30-g Sample

Aluminum silicate 2.58 TSPP (NaPO3)e 6 mL of 5 % solution 0.15 to 0.25 g

Aluminum silicate (predispersed) 2.58 TSPP 3 mL of 5 % solution

Magnesium silicate 2.85 TSPP 6 mL of 5 % solution

Calcium carbonate 2.71 Daxad 30 0.5 to 0.8 %" active” dispersant based on weight of dry pigment
Calgon T as above

Mica pigment 2.82 Calgon T as above

TiO, Pigment (rutile, anatase) 4.00 Calgon T TSPP as above 4 mL of 5 % solution/20 g sample

Note 3—The accuracy of the test depends entirely on obtainingpractice to remove the hydrometer from the suspension, rinse it
complete and stable deflocculation of the pigment so that each of itgff and float it in the reference (blank) solution. Great care
particles settles individually. The quantity and type of dispersing agentust be taken to minimize any disturbance of the suspension

noted in Table 1 is usually satisfactory for the pigments listed when,_ . . .
am. y 'y Pig “hy inserting and removing the hydrometer very slowly and
received in the usual form. Flocculation may occur due to attractive

charges between the particles at which time the individual particles ceas%venly'
to fall independently. The pigment particles may come together to a 7.7 For each reading, record the elapsed sedimentation time,
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the temperature of the pigment suspension (or water bath), aneadings. These causes include settling of coarse particles on the hydrom-
the hydrometer readings for both the pigment suspension arfier bulb, failure to attain complete temperature equilibrium, and the

the reference (blank) solution. See Table 2, which provides aHossible presence of entrained air in the suspension. Of these, the last
. ; ! named is perhaps the most frequent source of error. Treatment of the
example of a convenient data and computing form. suspension before mixing with a small amount of an antifoam agent helps

. to prevent this.
8. Calculation P

8.1 Percent of Pigment in SuspensiecCalculate for each ~ 8-2 Equivalent Spherical Diameter of the Particles
reading the percent of dry pigment remaining in suspension at 8.2.1 Calculate the equivalent spherical particle diameter
the level which the hydrometer measures the density of theorresponding to the percent indicated by each hydrometer
suspension by the following equation: reading in accordance with Stokes’ law. A particle of this
_ _ _ equivalent spherical diameter is assumed to be at the surface of

P = (100 000C) X [GIG = B x (R~ B) the suspension at the beginning of sedimentation and to settle
where: during the accumulated time to the level at which the hydrom-
P = %pigment remaining in suspension, eter measures the suspension density.

C = original concentration of suspension in grams of 822 Casagrande’s nomographic solution of Stokes®faw
pigment per litre, (for a sample of 30-g dry weight in  shown in Fig. 1 offers a convenient means for calculating
1205 mL of suspensiorC = 24.9 g/L), _ equivalent spherical diameter. Its use requires calibration of the
hydrometer reading in the pigment suspension, hydrometer in terms of the actual depth of its center of gravity
= hydrometer reading in the blank solution, and below the surface of the suspensidt ) for each hydrometer

Srf)ECilf)iC gravityf of pigmerlndparticlgs. _(For ?xgmple, |rf1 reading,R,. The formula for calibration of hydrometers gradu-
the absence ot an actual determination of the SPECMChted in specific gravity units is shown in the upper right-hand
gravity, a value of 2.6 may be taken for aluminum

silicate pigment.) corner of the chart. Calculated values ldf for convenient
' _— . intervals of R, must be plotted on thél, — R scale for each
8.1.1 Take the value ofR —B) for the initial 1-min R b R

. . . . individual hydrometer. Note that the hydrometer is calibrated
sedimentation reading to be a measure of the starting conce

. h S ion 1 h sub fbr actual depth below the surface of the liquid, but that
tration. T e percent remaining In Suspension for each su s‘F\'ydrometer readings of the density of the pigment suspension
guent reading then becomes simply the ratio of Rs-(B)

S o are made at the top of the meniscus, which is slightly raised
value to the initial R — B) value multiplied by 100. above the surface of the suspension. For this reason a meniscus
Note 5—In the case of pigments reasonably free from coarse particleg€orrection must be made. With the recommended hydrometer,
(larger than about 15 pm), the preceding calculations for the initiait has been found that the addition of 0.0003 to the specific
hydrometer readings should give values of 100 % for the percenfravity reading made at the top of the meniscus gives values

remaining in suspension. Variation from this figure may be due toyhich correspond closely to the specific gravity reading at the
inaccurate measurements of the test specimen or volume of the SUSpeéhrface level

sion.
Note 6—Readings taken during the first few minutes of sedimentation 8.2.3 The use of the chart is explained in the key. A line
are more subject to possible error from several causes than are subsequémtough the value o8, the specific gravity of the sedimenting

O WD
o

TABLE 2 Particle Size Distribution-Hydrometer Method—Calculation and Data Sheet

Temperature
Sample No: Density
Operator: A X 103
) Time ) o . 3 .
Date Time Total Time R D \% D(w) (R-d) x 10 % Finer
Interval
“R"—Hydrometer reading on suspension. Use Casagrande Nomographic Chart to Determine
“D"—Hydrometer reading on blank. 1. A X 108 from temperature and density.
D(u)—Equivalent spherical diameter in micrometres 2. V from “R” and time.

3. D(p), from V and A x 10°
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pigment particles and, the temperature, gives the value for 10 %, the test precision and accuracy tend to be considerably
A X 10°, which is constant for a given temperature (of the bathless than in the remaining 80 % mid-range of the distribution.
or constant-temperature room). A line through and T, the

accumulated time, gives a value for the sedimentation 10. Precision

velocity in centimetres per second; and finally, a line through

A % 10% andw qives the corresponding value for the equivalent 10.1 Based on interlaboratory studies of this test method in
) g . €sp 9 q which operators in 6 laboratories measured the particle size
spherical diameterd), in millimetres.

distribution of three extender pigments: aluminum silicate
9. Report (kaolin), magnesium silicate (talc), and calcium carbonate, the
. . following criteria should be used for judging the acceptability
9.1 The report shall consist of a graph made by plotting forOf results at the 95 % confidence level.

each hydrometer reading the percent remaining in suspension . )
10.1.1 Repeatability—Duplicate results by the same opera-

(“percent finer than”) against the equivalent spherical diameter, X ; )
using semilogarithmic graph paper with the particle size value®r should be considered S}‘SpSCt if they differ by more t?an g
on the logarithmic scale (see Fig. 2). A value for the percent™ at the weight median (50 % finer than”) point, or 3 % at

finer than 2 pm may be read from the graph and reported!® Percent less than the 2-um point on the cumulative
separately. distribution curve.

9.2 Although the entire cumulative particle size distribution 10.1.2 Reproducibility—Two results, each the mean of du-
curve may be of general interest, the particle size distributiofplicate measurements obtained by operators in different labo-
criteria customarily used for extender pigments is either théatories, should not be considered suspect unless they differ by
weight percent less than 2 um e.s.d. or the weight mediafmore than 2 um at the weight median (“50 % finer than”) point,
particle size, that is, the “50 % finer than” point on theor 5% at the percent less than the 2-pm point on the
distribution curve, or both. At either extreme of the particle sizecumulative distribution curve.
distribution curve, that is, the largest 10 % and the smallest

|| 1530 10000 NRRRE KAV BN T B 4 0 T | ; HRRDE K ES1Y EERES PRE LN
{ ‘ e I I 1 11 T T T T T T N I e
[0 g T SRR NI H T IS IR SN 11 W1 A 11 FEAS OOES IN U uoays i o 30 M ; s I T
H ] ] HIH i b B i HHIH ] R ! RN | Ll .
; M i AN I i : : \l{‘ 8 L Y : i [ IBRE -
e 4 11 10t I D HIHIR § I : I _
: ! | ;{ {008 0 308 t fhff i T \ ‘1 I : : IS
il IERRN DS ; i 0 I EA0SE § IiT 1]
1 T 00 NS ERBB L » i ‘ et dARNR i) :
i 1‘1‘ fl e ; b i ,“ T B N
T t ¢ 4 I
T + + : M : ; } 1 ; REYNREE
1 i T T i
i By T *
1 | 7 | g s
I [ 1
i { i -
i ; I}
T H +
! i T
il e
i s 1 " i
708 0 ; i '
" — s i 1,
v T + : N H -
Ho t } }
0% T ; 1]
Pt —~+—
i L ¢ } et
' f i T +
ﬂ i ; ] i
! X
! it HERESERS RN
i | i
980 §6E NN LS ! ;
1R T 1 I‘ 4 } + 4 -
N 1 I | ! i, ] } I | | i it
! ! JHB N ; i 110N 00 i i L
; 4 S i il N INE 1 ] i i
I it 1M ; L ; ; J IOE ; i f bty
HHINH 6L s ; | ; -+ el j]. ~:] H R i i
:“ i i H H ! ; L INUHIY SN ;
ml!i T " i N IR T 1 HrH1H t fl' +
i : T i T 11110 (0090BRORE SO ] T ]
L HEIAN Ak A i ok S iR Ra AR R : o i
++ + ¥ * 1888 B H i
lON”[, . X ; E i i M | ) i
i T ; . 1 N } L
il % t t ottt -
}
ofs r , L R | QU ST
‘ i ! S SEEAD i h P
} tr f :
J it i ; fr BRUSHIIEIARRARR! 1
1 ! 1 TR IBBgR
i fT
! ! S 541 ARNNANNE PESUE WA (i NI 100NN RSN NN TR ISIERURR AR NN
HIl Il 3 1 | I | NN BRI T T T T e o T 1T T
H I . 1 LT 1 1 | TTTT T T 1T s e T O O T
@l N @ a w - o -
Ae~N © 0 - - ~ -
g e N ® oW - o~ -

FIG. 2 Graph for Hydrometer Reading



b D 3360

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.



