
Designation: E2589 − 23

Standard Terminology Relating to

Nonsieving Methods of Powder Characterization1

This standard is issued under the fixed designation E2589; 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 epsilon (´) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Particle size distribution, surface area, and other forms of particle analysis have been commonly

adopted methods of verifying compliance with desired particle specifications for some time. Greater

emphasis is now being placed on inter- and intralaboratory correlation of all particle measurement

systems.

To ensure a better understanding of the comparison of testing results from particle measurement

systems, terminology relating to the measurements must be clearly defined and documented so that

both the recipient and generator of the data are in full agreement as to the meaning of the data. Every

effort has been made here to ensure accuracy, precision, and clarity for the terms included in this

terminology document. For Committee E29, this is an ongoing process with new terms being

developed and defined for future inclusion. Suggestions and comments for additions, corrections, and

revisions are welcomed.

1. Scope

1.1 This terminology covers the definitions of terms used in

the description and procedures of analysis of particulate

materials not ordinarily analyzed using test sieves. The terms

relate directly to the equipment used in analysis, the physical

forms of the materials to be analyzed, and selected descriptive

data reduction and analysis formats.

1.2 Committee E29 on Particle and Spray Characterization

believes that it is essential to include terms and definitions

explicit to the committee’s scope, regardless of whether the

terms appear in existing ASTM standards. Terms that are in

common usage and appear in common-language dictionaries

are generally not included, unless they have specific meanings

in the context of particle characterization different from the

common-language definitions.

1.3 This international standard was developed in accor-

dance with internationally recognized principles on standard-

ization established in the Decision on Principles for the

Development of International Standards, Guides and Recom-

mendations issued by the World Trade Organization Technical

Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:2

E2578 Practice for Calculation of Mean Sizes/Diameters and

Standard Deviations of Particle Size Distributions

3. Significance and Use

3.1 Interpretation and use of data generated by particle

characterization methods is highly dependent on the definitions

of terms describing that data. It is extremely important that

those terms be defined in precisely the same way both when

comparing data from different characterization techniques and

even when correlating data from the same technique.

3.2 It is likewise important that users of particle character-

ization methods and the data generated therefrom understand

the principles of the methods, so that differences and similari-

ties in the data can be interpreted in relation to those principles.

That understanding can help to avoid disagreements when data

from different characterization methods are compared.

3.3 The definitions contained in this terminology will aid in

the interpretation of particle characterization data with respect

to the method(s) used to produce that data.

4. Terminology

area, A, n—in image analysis, sum of pixels representing a

binary object.
1 This terminology is under the jurisdiction of ASTM Committee E29 on Particle

and Spray Characterization and is the direct responsibility of Subcommittee E29.02

on Non-Sieving Methods.
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aspect ratio, n—in image analysis, ratio of the maximum to

the minimum dimensions as determined by the technique.

binarization, n—in image analysis, process of reducing a

digital image to a binary image.

binary object, n—in image analysis, set of connected binary

pixels representing the two dimensional projection of a

particle.

binary image, n—in image analysis, image formed by an array

of pixels having only two possible values, representing

objects and background, as a result of binarization. Synony-

mous with binary plane and bitplane.

blind pore, n—open pore having only a single connection with

an external surface.

circularity, C, n—in image analysis, a measure of the similar-

ity of a particle’s image to the shape of a circle and defined

as C = √(4πA/P2), where A is the area of the particle’s image

and P is the perimeter of the particle’s image.

convex perimeter, PC, n—in image analysis, total length of

line segments connecting the Feret tangent points around a

binary object.
DISCUSSION—This is the perimeter that would be obtained if a rubber

band was stretched around the object.

cumulative distribution, n—the representation of the total

fraction of the population, expressed as either mass-,

volume-, area-, or number-based, that is greater than or less

than discrete size values.

dispersion, n—system consisting of particles distributed in a

solid, liquid, or gas.

dynamic image analysis, n—particle size and shape analysis

using computer image analysis techniques on

instantaneously-captured still-frame projected images of par-

ticles in motion.
DISCUSSION—Some instruments use a moving measurement appara-

tus on static particles.

electrical sensing zone analysis, n—particle size analysis in

which particles suspended in a conductive liquid medium

pass through a narrow orifice in an insulating material

separating two electrodes. Each traversing particle generates

an electrical signal proportional to its volume.

electrical sensing zone equivalent spherical diameter,

n—diameter of a hypothetical spherical particle that when

suspended in a conducting fluid would yield the same

electrical signal as the particle under analysis.

emulsion, n—a system that consists of one liquid dispersed in

another.

equivalent aerodynamic diameter, n—the diameter of a unit

density sphere that has the same inertial properties as the

particle under analysis, under the same conditions

equivalent area diameter, D, n—in image analysis, diameter

of a circle having the same area as the binary object.

Synonymous with circular diameter, equivalent diameter,

and equivalent circular diameter.

equivalent spherical diameter, n—diameter of a sphere that

has the same geometrical characteristics (projected area,

volume, etc.) or the same behavior (settling, light scattering,

etc.) as the particle under analysis.

equivalent Stokes diameter, n—the diameter of a sphere of

the same density as the particle under analysis, undergoing

the same limiting velocity when moving in the same medium

under laminar flow conditions.

equivalent surface area diameter, n—the diameter of a sphere

that has the same surface area as the particle under analysis.

equivalent volume diameter, n—diameter of a sphere that has

the same volume as the particle under analysis.

Feret diameter, F, n—distance between two parallel tangents

on opposite side of a binary object. Synonymous with Feret

dimension.

frequency distribution, n—the representation of the relative

fractions of a particle size distribution represented by (or

associated with) discrete size values (recognizing that an

individual value may represent a range of values).

maximum Feret diameter, Fmax, n—longest Feret dimension

found for a binary object. Synonymous with maximum Feret

dimension.
DISCUSSION—Refer to Fig. 1 for clarity.

mean particle size, n—a measure of the central tendency of a

particle size distribution, according to the Moment-Ratio

(M-R) definition system of Practice E2578.
DISCUSSION—The mean particle size may be related to the number,

surface area, volume, or other particle characteristic, depending on

which moments of the distribution are used in its calculation. (See, for

example, Table 1 in Practice E2578.)

median particle size, n—the particle size at which half the

distribution (by mass, volume, number, etc.) is larger than

and half smaller than the stated size.

minimum Feret diameter, Fmin, n—shortest Feret dimension

found for a binary object. Synonymous with minimum Feret

dimension.
DISCUSSION—Refer to Fig. 2 for clarity.

mode, n—a particle size at which the frequency distribution

exhibits a maximum.
DISCUSSION— Many particle size distributions exhibit multiple local

maxima. For such multimodal distributions (bimodal, trimodal, and so

forth), one might speak of several modes of the distribution, meaning

each of the local maxima. However, the normal meaning of mode is to

FIG. 1 Maximum Feret Diameter, Fmax
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indicate the global maximum of the distribution, the size at which the

maximum quantity of material is found.

monodisperse, adj—describing a group of particles that all

have the same size or other physical property.

open pore, n—cavity or channel with access to an external

surface.

particle, n—a small discrete unit of matter.

particle size, n—one or more dimensions of an individual

particle in terms of the defined size basis.

particle size distribution, n—see frequency distribution and

cumulative distribution.

perimeter, P, n—in image analysis, sum of pixels forming the

outer boundary of a binary object.
DISCUSSION—The measurement of perimeter is highly dependent on

the image quality, optical and digital resolution, magnification, and

image analysis software.

pixel (from picture element), pix, n—smallest spatial unit of

a digital image.
DISCUSSION—Pixels must be calibrated to express measurements in

dimensional units.

pore, n—cavity or channel within a particle, powder, or solid

body.

pore size distribution, n—distribution of measured pore

volume, area, or number versus pore size, which may be the

diameter of a cylindrical or spherical pore, the distance

between opposite walls of a slit, or some other linear

dimension describing the pore opening.

porosity, n—ratio of total pore volume to apparent total

volume of a particle, powder, or solid body.

primary particle, n—a discrete unit, itself bound together only

by strong atomic or molecular forces, in a collection of

particles that may be bound together by other, weaker,

cohesive forces.

Riley’s sphericity, Sr, n—in two-dimensional image analysis,

the square root of the ratio of the largest inscribed circle of

a particle’s image to the smallest circumscribing circle of the

particle’s image and is defined as S r5=~rmax in ⁄ Rmin cir!.
3

DISCUSSION—Refer to Fig. 3 for illustration of clarity.

roundness, R, n—in image analysis, ratio of a binary object’s

area to the area of a circle having a diameter equal to the

maximum Feret diameter of the object.
DISCUSSION—Refer to Fig. 4 and Eq 2 for clarity:

R 5
A

AC

5
4 A

π Fmax
2 (1)

where:

R = roundness,
A = area,
AC = theoretical area of a circle having a diameter equal to

the maximum Feret diameter,
Fmax = maximum Feret diameter.

3 Reference the following source for sphericity: Riley, N. A., “Projection

Sphericity,” Journal of Sedimentary Research, 11, 1941, pp. 94-107, DOI:10.1306/

D426910C-2B26-11D7-8648000102C1865D.

FIG. 2 Minimum Feret Diameter, Fmin

FIG. 3 Riley’s Sphericity, Sr
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