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Standard Test Method for
Particle Size Distribution of Alumina or Quartz by Electric
Sensing Zone Technique *

This standard is issued under the fixed designation C 690; 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 epsilonef indicates an editorial change since the last revision or reapproval.

€' Note—Section 9 was added editorially in October 1997.

1. Scope 4. Apparatus

1.1 This test method, one of several found valuable for the 4.1 Electric Sensing Zone Particle CounterCoulter
measurement of particle size, covers the determination of th€ounter Industrial Models B, ZB, ZM, T, TA, TA Il. Particle
particle size distribution of alumina or quartz powders (0.6 toData Elzone Models EZ 211, 80XY, 111, 112, 180, 180t,
56.0 um) using electric sensing zone particle size analyzers180XY. Equivalent instruments may be used.

These instruments use an electric current path of small dimen- 4.2 Aperture Tubesdiameter ranging from approximately
sions which is modulated by individual particle passage30 to 140 um. The diameter required is dependent upon the
through an aperture, and produces individual pulses of ampliparticle size distribution of the sample. Generally any given
tude proportional to the particle volume. tube will cover a particle size range from 2 to 40 % of its

1.2 The values stated in Sl units are to be regarded as ttaperture diameter (see Fig. A1.1).
standard.

1.3 This standard does not purport to address all of the o ]
safety problems, if any, associated with its use. It is the 4.3 Sample Beakercapable of maintaining all particles
responsibility of the user of this standard to establish appro-uniformly in suspension (for example, round-bottom).
priate safety and health practices and determine the applica- 4-4 Blender? capacity 1-L glass container. Speed control

Note 1—In certain cases, apertures up to 280 um are usable.

bility of regulatory limitations prior to use. with a variable transforméiis required.
4.5 Beakers 100, 500, and 1000-mL.
2. Summary of Test Method 4.6 Pipet

2.1 A carefully dispersed, dilute suspension of the powder 4.7 Wash Bottles
in a beaker filled with an electrolyte is placed in the counting 4.8 Membrane Filtering Devicerated at 0.45-um filters or
position on the instrument sample stand. The suspension fiper®
forced through a restricting aperture. Each particle passing i Reagents

recorded on an electronic counter according to selected particlé ) )
size levels. 5.1 Purity of Reagents-Reagent grade chemicals shall be

(liquid displacement), therefore equivalent spherical diametedl! reagents shall conform to the specifications of the Commit-
is commonly used to express the particle size. (Comparisori§€ 0n Analytical Reagents of the American Chemical Society,
with other techniques have been found to be good for sphericdfhere such specifications are availabther grades may be

particles: for non-spherical particles results may differ.) used, provided it is first ascertained that the reagent is of
sufficiently high purity to permit its use without lessening the
3. Significance and Use accuracy of the determination.

3.1 This test method is useful to both sellers and purchasers 92 Dispersing Media-Ten percent solution of purified or
of alumina and quartz for determining particle size distribu-

tions for materials specifications, manufacturing control, and———
development and research. 3 The Waring Blender model PB-5A, or equivalent has been found suitable for
this test method.
4 The Variac transformer has been found suitable for this test method.
5 The membrane filters may be the Millipore, Gelman, General Electric, Selas
1 This test method is under the jurisdiction of ASTM Committee C-21 on Flotronics metal type, or their equivalent.
Ceramic Whitewares and Related Products and is the direct responsibility of ©Reagent Chemicals, American Chemical Society Specificatiamgrican
Subcommittee C21.07 on Nonplastics. Chemical Society, Washington, DC. For suggestions on the testing of reagents not
Current edition approved Dec. 26, 1986. Published February 1987. Originallyisted by the American Chemical Society, s@ealar Standards for Laboratory
published as C 690 — 71 T. Last previous edition C 690 — 80. ChemicalsBDH Ltd., Poole, Dorset, U.K., and thdnited States Pharmacopeia
2 Available from the Coulter Electronics Inc., Hialeah, FL 33010 or from Particle and National FormularylJ.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
Data Inc., Box 265, Elmhurst, IL 60126. MD.
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reagent grade sodium hexametaphosphate in distilled water6.8 Take the particle count readings progressively at the
twice filtered through the membrane filtering device. prescheduled dial settings (see Fig. A1.3 for a typical single
Note 2—Deionized water may be substituted for distilled water. channgl mStrum?m. schedule). _Repeat the SChedU|ed. settl_ngs
Note 3—This liquid should not be retained longer than 1 month a\ndthree times, beg,'f‘”'”g and e”d'”g at the smallest particle size
should not be pH modified or heated. level. Make additional count readings where values are below
100. Average the count readings for each size level. Multi-
channel instruments record all the size levels simultaneously.
Computer-connected instruments record, average, manipulate,
and output the data automatically.
6.8.1 Recommended Number of Count Readings
5.5 Calibration Particles—Monosized systems listed in 6 for below 10 partlc_les per readln_g
Fig. A1.1. 4 for below 100 partl_cles per read|_ng
2 for above 100 particles per reading
6. Procedure 6.9 Precautions
6.9.1 Before each analysis, using wash bottle and filtered
ash water, wash all surfaces coming in contact with sample.

5.3 Electrolyte—Dissolve 10.0 g of reagent grade sodium
chloride (NaCl) in 1000 mL of distilled water and filter twice
through the membrane filtering device.

5.4 Wash WaterDistilled water twice filtered through the
membrane filtering device.

6.1 Summary-Disperse the test powder in the electrolyte\g
with a blender. Transfer a representative portion to the sampl o . :
beaker that contains filtered electrolyte. Place sample beaker jn 6'?]'2 kE.nsutLe thalt.k';het.call?ra;uon ?fl thetmstrument |skcorrect
the counting position and obtain particle data at severa y checking the calibration factor at least once a weex.

selected particle size levels. Obtain relative weight fraction b)f) 6'3 ? 'Lhe Ir(;uzwt;er)?f padrtltﬂetsv?/ﬁir Llj1n:/t/i\|/|0|l}|\r/ne |n5tr;/e sampile
assuming constant particle density. eaker snould not exceed tha ¢ give a > v coinci-

6.2 Precalibrate the aperture and electrolyte combinatio elnfe correction for the aperture tube being used (see Fig.
following the manufacturer’s instruction manual. -1).

Note 4—Calibration should be performed in accordance with the7' Presentation of Data
instruction manual. Monosized calibration standards should be selected 7.1 Where required (for example, single-channel manual
from Fig. A1.1. Mutual agreement on the source and size of calibratiormodel) convert data to cumulative weight percent greater than
standards is necessary for interlaboratory comparisons. stated particle size according to instrument instruction manual.
6.3 Check background counts by filling the sample beakeCoincidence is insignificant if total counts are limited to Fig.
with filtered electrolyte and taking counts without any sampleAl.1.

added. Follow 6.6, 6.7, and 6.8. ) . o
6.4 Di . v 0.7 f le in 200 mL of Note 7—For all electric sensing zone counters the conversion is
: Isperse approximately 0.7 g of sample in mL o actually to volume percent. If all particles in the sample have the same

electrolyte containing 5 drops of dispersing media, by mixinggensity the volume percent and weight percent are interchangeable.

at high speed on the blender or its equivalent for 5 min. 7.2 Plot volume or weight percent curve on suitable graph
Note 5—The proper dispersion conditions for a given mixer or blenderpaper. Log probability and semi-log graph papers are com-
should be predetermined by obtaining a time-speed versus mediamomy used.

diameter curve (see typical curve in Fig. Al.2) while ensuring that 7 3 Quartiles may be interpolated from a carefully plotted
grinding does not occur. The position of the plateau will indicate thecurve

proper dispersion conditions for the sample. Experience has shown that 74 C di il b d
full speed on the Waring Blender may cause size reduction. Slightly less /-4 COmputer-connected instruments will be programme

than full speed should be used (Variac at 100 V). For some suspensiof8 output graphs, tables, and statistics such as: weight percent,
ultrasonic treatment from 1 to 5 min is effective. count percent, volume percent, mean, median, mode, quartiles,

6.5 With a pipet, transfer an appropriate aliquot of disperse@nd standard deviation.
sample into the sample beaker containing electrolyte witlg. Precision and Bias
dispersing media added in the ratio of 3 drops/200 mL of
electrolyte. The aliquot size is dependent on the aperture si
used. Wash down the pipet by rinsing with electrolyte sever
times (see 6.9.3).

8.1 Intralaboratory, Same OperaterExperience of several
Sboratories indicates that the test method is capable of a
recision of=1 % (95 % confidence level) for all size levels.
8.2 Interlaboratory—Experience of several laboratories in-
Note 6—The blender or mixer should be stirring just rapidly enough to dicates that the test method is capable of a precisiah2%6
maintain a uniform particle suspension while withdrawing the sample. The(95 % confidence level) for all size levels.
pipet should deliver all of the withdrawn slurry to ensure a representative g 3 Bjas—Instrument calibrations shall be performed using
transfer of sample in the event of any size classification during thehniform spheres with relative standard deviation of 5 % or less,

transfer. ) N traceable to the U.S. Bureau of Standards SRM uniform
6.6 Place the sample beaker in position on the sample stangpheres.

6.7 Adjust the speed of the stirrer to furnish sufficient
agitation to maintain a uniform particle suspension, but below?- Keywords
air bubble generation speeds. 9.1 alumina; particle size; quartz; sensing zone
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ANNEX

(Mandatory Information)

Al.

Figs. A1.1-A1.3 are examples of the charts that should be employed in conjunction with this test method.

Total Cumulative Count for 5 %

Primary Coincidence Correction Factor . )
Coincidence Correction

Approximate Particle
Size Range in
Equivalent Spherical

Suggested Calibration
Particles”

Aperture Size, um Diameter
Manometer Volume Manometer Volume DI "

50 pL 500 pL 2000 pL 50 pL 500 pL 2000 pL Hm fameter, pum

30 0.675 A A 74 100 A A 0.6 to 12.0 15t0 6.0

50 3.13 0.313 A 15 950 159 500 A 1.0 to 20.0 2.5t0 10.0

70 8.6 0.86 0.215 5 810 58 100 232 400 1.4 to 28.0 3.5t0 14.0

100 25 25 0.625 2 000 20 000 80 000 2.0 to 40.0 5.0 to 20.0

140 69 6.9 1.72 725 7 250 29 000 2.8 to 56.0 7.0 to 28.0

200 A 20.0 5.0 A 2500 10 000 4.0 to 80.0 10.0 to 40.0

280 A A 13.57 A A 3 630 5.6 to 112.0 14.0 to 56.0

A Aperture size and manometer volume combination not recommended.
FIG. Al.1 Typical Aperture Chart
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Blender Dispersion Time (Minutes)
Blender Dispersion Time (Minutes)
FIG. A1.2 Example of a Sample Dispersion Curve
COULTER ELECTRONICS, INC. Hialeah, Florida 33010
INDUSTRIAL MODEL B
COULTER COUNTER® DATA AND WEIGHT CONVERSION
) SINGLE THRESHOLD
Sample Alumina C~7 Source ASTM ¢-21 Electrolyte 1% Nacl Date
Al M t C . Callb.
el 70 4 Volume.w_ 500 w1 Ficterp-_0.858 Factor k ~__5,45____Dispersant 5 drops 10%(NaPO3)6 . Oper. _
Aperture g Gam Matching g4y Galibration ;3 A=y £7=26.3 at 3.49 microns
n' = - - - —
| n= v= d=1 an 7 [ (an)V | T(an) VWt %
tl 1A n' (raw counts) ar p(m%v)z ,\/ s 0" (Kot TA V¥
22,9 816 31.2
22,91 8l 8 24,8
22,91 4l8 19.2
22,928 15.6
22,90 1|8 12,4
22,9] 14 9.8
22,90 12 7.8
22,9]1]1 6.2
22,9 1% 4.9
22,91 %1% 3.9
22,9 %1% 3.1
22,90 %1% 2.5
22,9 % /8 2,0
12,5 | % [1/8] 1.5
5.71 % [i/8 1.2
2.9 %p ej 1.0

For downward X, plot wt. % versus lower “d” values; if upward X use upper “d” values.
FIG. A1.3 Example of Schedule for Coulter Counter Model B

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.



