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INTERNATIONAL
Standard Guide for
Significance of Particle Size Measurements of Coating
1
Powders
This standard is issued under the fixed designation D 5861; 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 epsilone] indicates an editorial change since the last revision or reapproval.
1. Scope 150 um. Collectively, the individual particles form a size

1.1 This guide covers the significance of referencing thedistribution, defined by the percentages of particles present of
techniques used whenever specifying the particle size distribi@ 9iven size or within a given size range. There are generally

tion of a coating powder. few particles at the low and high ends of the distribution, the

majority being in the 25 to 65-um range. The distribution can

2. Referenced Documents be described by an actual plot of the particle size distribution,

2.1 ASTM Standards: or by numerical attributes of the distribution, such as the
D 1921 Test Methods for Particle Size (Sieve Analysis) ofcalculated values of its mean, median or mode. The mean
Plastic Material® represents the average patrticle size (the sum of all the particle

D 3451 Guide for Testing Coating Powders and Powdesizes divided by the number of particles). The median repre-
Coating$ sents a size such that half the particles are larger than it and half
the particles are smaller than it. The mode represents the most

3. Terminology frequently occurring particle size. For all coating powders

3.1 Definitions: these three figures are numerically different.

3.1.1 coating powders-these are finely divided particles of 5.2 The particle size distribution is generally chosen by the
organic polymer that generally contain pigments, fillers, andcoating powder manufacturer from knowledge of the applica-
additives and that remain finely divided during storage undefon technique, the required cured film thickness, surface
suitable conditions. appearance, and performance. Once the desired particle size

3.1.2 powder coatings-these are coatings that are protec-distribution has been selected, it needs to be monitored to
tive, decorative, or both; and that are formed by the applicatiognsure consistency from batch to batch and, indeed, within
of a coating powder to a substrate and fused into continuougach batch. Occasionally the coating powder applicator may

films by the application of heat or radiant energy. specify the particle size from knowledge of the specific
o application equipment or customer requirements, or both.
4. Significance and Use 5.3 It is important for all involved to understand that the

4.1 This guide describes the need to specify the measuringumerical data comprising a particle size distribution are
technique used whenever quoting the particle size distributiogignificantly dependent on the technique used to obtain them. It
of a coating powder. is, therefore, of little use to quote or specify a particle size

4.2 This guide is for use by manufacturers of coatingdistribution, and even less a single particle size, without also
powders and by specifiers for process control and produdlefining the technique used to obtain that measurement, or, if
acceptance. a single size, whether it is, for example, the mean, median or

modal value.
5. Particle Size of Coating Powders _ _

5.1 The size of the particles comprising a coating powdef: Measurement of Particle Size
plays a critical role in the fluidization, application, and recla- 6.1 There are a wide variety of instruments currently avail-
mation of the powder, and in the final appearance of the coate@ple for measuring the particle size distributions of coating
part. Coating powders are comprised of particles of widelypowders. Actual sieving, such as described in Test Methods
differing sizes, from as low as about 1 um to as high as abou® 1921, where the percentage weight of coating powder

retained on sieves of known mesh size is measured, is
de o _ _ relatively inexpensive and direct. It is, however, significantly
This guide is under the jurisdiction of ASTM Committee D01 on Paint, and A .
Related Coatings, Materials, and Applications and is the direct responsibility 0§Iower_than indirect me_asurement_ t_echnlques, such ?‘S Ia;er
Subcommittee D01.51 on Powder Coatings. scattering and electrolytic conductivity, such as described in
Current edition approved Nov. 10, 1995. Published January 1996. Guide D 3451. With indirect measurement techniques, a sec-

2 Annual Book of ASTM Standardgol 08.01. : .
2 Annual Book of ASTM Standardgol 06.02. ondary effect, induced by the presence of the coating powder

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



Ay D 5861

particles, is measured, such as changes in light scattering or in7.3 It can be seen that there are distinct differences between
the conductivity of an electrolyte. These effects are analyzethe data acquired by different techniques, and by the same
using a specific theoretical algorithm, unique to the measurgechnique when the machine manufacturer or model is
ment technique, and the particle size distribution calculatedhanged. There are even differences when instruments with the
that would cause the measured changes. Various other statissame model number are used in different laboratories.
cal data on the distributions, such as the mean, the median, and7.4 It must be emphasized that these data are not presented
the mode are also often automatically calculated. in order to recommend one measurement technique over

6.2 Secondary measurement techniques make assumptioamsother, or one participating piece of equipment over another
such as the measured particles being spherical, and do nobnparticipating piece of equipment, but rather to clearly
acknowledge the fractured, randomized shapes the particl@éustrate thenecessity of defining how a size measurement is
actually possess. Others require the preparation of a suspensiobtainedwhen quoting any numerical value regarding particle
of the particles in a liquid, which could alter the physical statesize.
of particle agglomerates present in the dry state. Ever_1 thg_ Measurement Techniques Used
required processing for dry powder measurement techniques ; y ,
could mechanically break up larger particles or agglomerates 8-1 Agitated Sieving, Dry Samplifg
into smaller ones, or both. 8.2 Electrolyte Co_nductlwty, Wet Samplifg

6.3 Thus not only can the theoretical algorithms for the 8-3 Laser Scattering, Dry Sampling
measuring techniques be quite different, but each measurementS-4 Lasgr Scatt_enng, Wet Sampl?ng
technique can cause the particle size distribution to change 8- Sedimentation/X-Ray Absorption, Wet Sampfing
during sample preparation or the measurement process itself,8:8 Mercury Porosimetry, Dry Samplifg _
or both. This simply serves to emphasize that once a measure-8:/ NOte that some of the instruments were used indepen-
ment technique has been selected, there is still need fétenty of each other, and by more than one participant.
consistency in all aspects of its operation. 9. Keywords

9.1 coating powder; electroconductivity; laser scattering;

7. Effect of Using Different Measurement Techniques ! ; . 4 .
i i ) ) mercury porosimetry; particle size analysis; powder coating;
7.1 To illustrate the numerical differences in meas“redsedimentation' sieve analysis; X-ray

particle size that can be found when different measurement
teChmqueS are u'sgd, the same coating powder Was p.rowded to, Jet sieve available from Alpine American Corporation, 5, Michigan Drive,
a number of participants, who measured the particle size of thgatick, MA 01760, and Sonic Sifter Separator Model L3P available from ATM
sample, usually in triplicate, using their own preferred tech-Corporation, 645 S94th Place, Milwaukee, W1 53214 have been found suitable for
nique. Participants included coating powder manufacturergfis purpose. . N
terial suppliers to the powder coating market. an Model TA Il available from Coultet Scientific Instruments Corp., 1950 West
raw materia pp . . P ’ . 9 ! QZth Ave., Hialeah, FL 33010, has been found suitable for this purpose.
manufacturers of particle size measuring equipment. ¢ Model LS-130 available from CoulterScientific Instruments Corp.; Model
7.2 The data obtained can be found in Annex A1 and AnneXA-900 available from Horiba Instruments Inc., 17671 Armstrong Ave., Irvine, CA
: . 714; Model EPCS-F available from Insitec Measurement Systems, 2110 Omega
A2. They have been tranqused Into wo resp_ectlve Stf_mda oad, Suite D, San Ramon, CA 94583; Mastersizer X and Series 2600 available
format; for ease of comparison. Where posglk_)Ie, addnmnalom Malvern Instruments Inc., 10 Southville Road, Southborough, MA 01772, and
numerical data were extracted from the original plots ofMicrotrac Il, Model 158704 and SRA 9200 available from Leeds and Northrup
parucle SIZG dlst”buuon |n these |nstancesy Such f|gures ar@)mpany, 3000 Old Roosevelt Blvd., St. Petersburg, FL 33716, have been found

. . . uitable for this purpose.
enclosed in parentheses in Annex Al (See FIgS. Al'l'A1'14)S' “Microtrac FRA 7995 available from Leeds and Northrup Company, and

Some of the original plots of particle size distribution were par-Tee 100 available from Laser Sensor Technology, Inc., 14926 NE 31st Circle,

replotted for clarity, with a consistent ordinate and abscissa, dtedmond, WA 98052, have been found suitable for this purpose.

“ ; ; ; ” “ ; SediGraph 5100 available from Micromeritickistrument Corp., 1 Micromer-
percgntage',of partlclgs In a given range "’.‘nd Io.g (part.ldeitics Drive, Norcross, GA 30093, has been found suitable for this purpose.
size In IJ-m) reSpeCtlvely- These standardized distributions 9 AutoPore 9220 available from Micromerit®sinstrument Corp., has been

constitute Figs. A1.1-A1.14. found suitable for this purpose.
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ANNEXES
(Mandatory Information)

Al. DATA AS ILLUSTRATED IN Table A1.1

TABLE Al.1 Particle Size Data from Secondary Measurement Techniques A

Instrument Method Percent of Particles Less Than Micron Size in Body of Table Mean, Median, Mode,
etho
Number 5 10 20 25 30 40 50 60 70 75 80 90 o5 (M (M) (um)

1 Laser 11.8 23.0 32.2 42.5 60.4 32.2
scattering 11.3 22.4 319 42.3 59.6 31.9
(dry) 11.6 22.7 32.0 42.3 59.3 32.0

2 Laser 10.6 29.7 61.1 335 29.7
scattering 11.0 30.9 64.6 35.1 30.9
(wet) 10.8 30.2 62.2 34.2 30.2

3 Laser 8.4 28.7 58.8 34.8 28.7 36.9
scattering 8.5 28.6 58.8 35.2 28.6 36.8
(dry) 8.4 28.6 58.9 35.0 28.6 37.0

4  Laser 8.3 26.1 51.9 26.1
scattering 8.4 26.2 52.4 26.2
(dry) 8.4 26.1 52.2 26.1

5 Laser 12.6 333 63.2 36.1 33.3
scattering 12.8 33.2 63.3 36.1 33.2
(dry) 12.7 33.0 63.8 36.1  33.0

6 Laser 46.1 (37.0)
scattering 46.1 (37.0)
(wet) 46.0 (37.0)

7  Laser 9.6 30.3 60.4 32.9 30.3
scattering 7.6 29.2 59.8 31.7 29.2
(dry) 9.8 30.5 60.0 32.9 30.5

8 Laser 12.4 32.7 62.1 35.6 32.7
scattering 12.2 32.1 60.9 35.2 32.1
(dry) 12.4 325 61.2 356 325

9 Laser 6.8 104 159 21.1 26.0 30.6 35.3 40.4 46.6 55.7 64.5 30.6 (36.2)
scattering 6.4 9.8 14.8 19.4 24.0 28.4 329 38.1 44.4 54.5 64.5 28.4 (31.0)
(dry)

10 Electrolyte 14.5 35.7 74.0 34.0 35.7 38.9
conductivity 11.0 23.6 43.3 22.7 23.6 26.3
(wet) 11.2 26.2 58.6 25.7 26.2 27.4

11  Electrolyte 7.6 18.1 38.4 17.7 18.1 19.4
conductivity 6.4 13.7 29.4 13.8 13.7 14.3
(wet) 6.0 12.3 24.6 12.4 12.3 12.8

12 Laser 9.6 17.8 30.3 44.7 58.0 32.2 30.3 38.9
scattering 9.8 18.4 31.3 45.8 60.3 33.6 31.3 38.9
(dry) 9.9 18.5 314 45.8 59.7 33.3 31.4 38.9

13  Sedimentation (12) (25) (42) (25)

(X-ray (10) 25.1 (46) 251  27.2
absorption) (20) 25.0 (46) 25.0 271

14 Mercury (9.0 24.8 (130) 248  24.4

porosimetry® (9.0 22.4 (90) 224 203
(9.0 24.2 (100) 242 245

15 Laser (40) (6.2) (10.4) (12.5) (14.6) (19.0) (23.5) (28.9) (34.3) (37.8) (41.7) (53.0) (63.0) (23.5) 358
scattering (3.8) (6.2) (10.3) (12.3) (14.4) (18.6) (23.4) (285) (34.1) (37.4) (41.2) (52.1) (62.4) (23.4) 357
(dry) (3.8) (6.2) (10.2) (12.2) (14.2) (185) (23.2) (28.4) (34.0) (37.4) (41.0) (52.0) (62.2) (23.2) 356

AAll figures in the body of the table are in microns and are volume based except for instrument No. 13 data which are weight based. Figures in () were not provided
explicitly, and so have been estimated from the original data/graphs.
BData processed after Mayer & Stowe.
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FIG. A1.1 Instrument 1, Laser Scattering, Dry Sampling
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FIG. Al.2 Instrument 2, Laser Scattering, Wet Sampling
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FIG. Al1.3 Instrument 3, Laser Scattering, Dry Sampling
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FIG. Al.4 Instrument 4, Laser Scattering, Dry Sampling
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FIG. A1.5 Instrument 5, Laser Scattering, Dry Sampling
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FIG. Al1.6 Instrument 6, Laser Scattering, Wet Sampling
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FIG. A1.7 Instrument 7, Laser Scattering, Dry Sampling
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FIG. A1.8 Instrument 8, Laser Scattering, Dry Sampling
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FIG. Al1.9 Instrument 9, Laser Scattering, Dry Sampling
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FIG. A1.10 Instrument 10, Electrolyte Conductivity, Wet Sampling
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FIG. A1.11 Instrument 11, Electrolyte Conductivity, Wet Sampling
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FIG. A1.12 Instrument 13, Sedimentation/X-Ray Absorption, Wet Sampling
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FIG. A1.13 Instrument 14, Mercury Porosimetry, Dry Sampling
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FIG. Al1.14 Instrument 15, Laser Scattering, Dry Sampling
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A2. DATAAS ILLUSTRATED IN Table A2.1

TABLE A2.1 Particle Size Data from Primary Measurement Techniques

Instrument Method Weight Percent of Particles Retained at Given Sieve Openings (Um)
Number <20 pm 20p m 30 um 38 um 45 pm 63 ym 75 ym 90 pm

16 Sieve analysis (dry) 30.1 21.6 29.7 16.5 17 0.4
29.4 21.7 29.9 15.6 3.0 0.4
31.0 23.0 27.6 15.1 29 0.4

17 Sieve analysis (dry) 26.7 14.7 Trace

28.3 14.7 Trace

27.2 14.4 Trace
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