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Calibrated Glass Beads

This Standard Reference Iaterial (BRI consists of gypromimately 70 g of solid spherical zoda-lime glass beads
with diatneters covering the 40 to 170 micrometer () tange. [t is tended for vge in evaliating atd calibrating
patticle size measurement mstnumertation. Typical usge iz i the evabidion of wite-cloth test sieves i the range
from Mo, 325 (45 po theough Mo, 100 (150 pe). This size distribution is somewhat coarser than the previous
wersioty SR 1004, and should provide abetter overlap of sieve sizes with 3EM 1017a.

The curolatsre wolome (areight) distribngtion was determined using scanming electron mdcroscopy (3ELD aud by
the Coulters! Principle technique using the Coulter Multisizer Ile. The certified values are the mean of the
distribitions obtained by the baro techrioques. The microscopy vahies wetre based on the measurement of owver
0,000 indrricial heads from ten bottles. Preparation of the microscopy samples was designed to achieve an equal
sattpling of several bottles, a balanced sampling of the different size fractions and a balanced statistical meamare
of each size fraction. This was achdeved by the following steps: 1) the ten test bottles were riffle split with a
spitring microriffler; 2) the split fractions from each of the bottles were combined to obtain a composite sample,
3) this composite was sieved into seven size fractions, and 4) each of the seven size fractions was riffled to obtain
a gample amount which could be analyzed by SELI. Photomicrographs were taken at five different magnifications
to chtain hoth adecuate cownting statistics and diatmeter resolution for particles in each size range. Sphere
diatheters were measured using a digitizing tablet on photoenlarged scamning electron micrographs of the beads.
Calibration of the measurement process was done using SRL 1965, Microsphere Slide (10 pm Polystyrene
Spheres), and aprototype of the new 3R 2090, Low kY ZEM Magnification Calibration Statdard.

The certified vahies are presented in Table [ as the weight percentage of beads with dismeters less than a given
length, At each diameter, the certified walue and the wncertainty define a 23% prediction interval The stated
ucettainty inchades allowances for measurement imprecision as well as material variability, & 93% prediction
interval predicts where the trae mean percentile lies for 93% of the samples of this 3EM.

Coulter Multisizer [Te meamarements were made on taro samples from each of the ten bottles and were uged to
determinie bottle to bottle homogeneity as well as for the size distribogion certification. The samples for the
Coulter anabraes were taken from the same riffle splits used for the microscopy samples. Approximately 35,000
beads were measured for each of these trenty analyses. SEL 1961, Nomdinal 32 ypm Diameter Polystyrene
Apheres, were used to verify the calibration of the Multisizer [Te. Comparison of 3EM and Coulter results is
inncladed for informational purposes in Table I1

The overall techrical direction and optical meamarements leading to the certification were provided by IF. Kelly
of the NIET Ceramics Diwision. The Coulter measurements were provided at Coulter Corp. by H. Hildebrand.
Statistical anabrsiz was petformed bor LI Oakley and 3 B, Behiller of the NIET Statistical Engieering Division.

1The use of a trademark in this certificate is for identification only and does not imply endorsement of the procuct
by the Mational Institute of Standards and Te dwology.

The support aspects trrobred in the preparation, certification, and isspance of this 3EL were coorditated theosgh
the Jtandard Reference IMaterials Program by NI Trahey.
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Use: Inn arny spplication of this 3EM, the entire bottle of beads should be used for the measurement. Howewer, if
this is impractical special care must be exercised when taking subsamples from the 3EL bottle.  The
recommended procedure is to use a microriffler to divide the 70-g sample into subsamples aud then frther divide
these sub samples by riffling until a suitable sample size is obtained.

Directions for Using Calibraied Glass Beads for the Evaluation of the Effective Opening of Sieves:
Calibration of test sieves to obtain an effective openinzhas been desetibed presionshy [1] The allowed watiation in
sieve openitgs thakes it difficult to compare size determinations made with different sets of sieves even though
each set complies with the applicable AT, AN3L, or IS0 test standard. The aperbare size of a sieve can be
determined as the average size of the openings in the sieve. However, the pupose of a sieve is to measure the size
of particles, and therefore, it is the effective opendng that must be determined. This effective opendng is
determitied by the size of the calibrated glass spheres that will just pass theough the sieve. This, in tum, permits
the measurement of the particle size of anwnlnown material that will alzo just pass through the sieve.

The openings of a sieve are not all the same size and particles that are coatser then the average opening can pass
through the latger holes, Thos, the effective opening is genetally larger than the average opening. In addition, the
sepatation achieved by a sieve is not sharp. A few patticles capable of passing the sieve are always retained. The
runber of patticles retained or passed depends on the mamer sl time of shaking and avy measurement of the
effective op etz must take these watiables into accowt. To alarge extent, the glass sphere method of calibration
automatically includes these effects because the sieves ate shalen in the same marmer, when being calibrated, as
whet treamuring an wnla o materisl.

The sieve openings ate essentially square ahd particles of irregular shape canpaszs through, even though one of the
ditmensions of the patticle is considerably larger than the size of the opening. This iz especially trae for needlelike
shapes. The sverage diameter of such irregular particles that pass a sieve camot be considered ecual to the
effective opeting of the sieve as measured by the diameter of spheres that st pass.

To evahuate the effective opening of standard 203 mm (8 i) or 305 nuw (12 i) test sieves with this 3RM, the
entite bhottle of beads is poured onto the top sieve. The sieves are then shaken in exactly the same marner as that
to be followed in routine analysis. To prevent blinding of a screen, the beads should not be used with a single
soreety, it is reconumended that baro relief sereens beused to reduce the particle mass. & rough nale of fhomb is to
keep the loading below 6 layers of patticles. MNote: for use with 76 mm (3 ity) test sieves, the mass of beads must
be recuced with a spirming riffler.

&fter the shaking bas been completed, the stack of sieves is disassembled, and the beads are removed from each
sieve ad placed into a saitable weighing bottle, To reduce loss of material during thiz step, the powting shoald be

done using a large flemel or over glazed paper to recover sy spillage. A soft biush iz usefill in removing the heads
from the sieve and fixmel.

Each of the sieve fractions is weighed to aprecision of at least 001 g, After weighing, all beads are retuned to
the original cortainer and kept for reuse. The weight percent retained on each sieve isusedto calewlate the weight
percernt finer as the ratio of the weight of beads passing through a sieve to the total starting weight. The effective
size of the sieve opening is deterdned by interpoldion bebwreen the nearest values given in Table I

The shove calibration procedure is for use i comparison of sieve results and as a method to periodically mondtor
changes i1 screens after service.  This procedure is not to be used a5 a certification for test screens. The
cettification of wire cloth sieves iz carred out according to ASTI E 11, Specification for Wire-Cloth 3ieves for
Testing Purposes, or other applicable national test specification.

.



Table I. Cumulateee Bize Distribution
Percent of Bpheres with Diameters Less Than the Bize Indicated

Diameter Wieight Uneertainty” Diameter Weight Uneertainty”
) (%) (%) ity (%) [%)
40 2.7 2.2 106 fd.9 3.1
42 6.4 2.3 108 62.1 2.0
44 109 2.4 110 713 2.8
44 1545 2.2 112 7368 2.8
42 182 2.5 114 Ta7 2.4
a0 222 2.8 11a 780 2.4
52 247 29 118 202 2.2
34 268 3.0 120 222 2.1
36 289 3.1 122 237 2.1
53 311 33 124 244 20
al 333 3.4 126 250 2.0
fa2 353 3.4 128 252 2.1
fd 38 3.5 130 253 2.1
faf 3709 3.5 132 254 2.1
faE 384 3.5 134 255 2.1
70 389 3.5 138 258 2.1
T2 401 3.8 138 BAT 2.1
74 418 26 140 858 2.2
Th 434 3.8 142 250 2.2
TE 458 3.5 144 26.1 2.2
20 47 2 3.8 144 264 2.2
22 427 3.8 148 2009 2.2
o | al3 3.5 150 278 2.4
26 329 3.5 152 285 23
2B 340 3.5 124 208 2.0
i 547 35 155 910 20
a2 551 3.4 158 Q22 19
a4 552 3.4 180 934 1.7
QA 355 3.4 162 045 1.5
Oz aal 3.4 164 955 1.2
100 ard 3.4 186 6.6 0.8
102 393 3.3 188 74 0.7
104 a2l 3.3 170 8.1 0.7

*At each diameter, the certified value and the uncertainty define a 95% prediction interval. The stated wncertainty
inchades allowances for measurement imprecision as well as material vardbiity. A 95% prediction interval
predicts where the tre mean percentile lies for 95% of the samples of this SR
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Table II. Wolume %% Less Than Diameter Values for
SEM and Coulter Teclmiques

Diatheter
Volume =EM Coulter
(%) () ()
10 429 44 5
20 473 49 6
30 563 37a
40 707 Ti7
a0 224 324
Al 1018 103.2
70 1088 1094
20 117.5 118.1
20 153.5 155.7

The density of the glass is 245 gfem® as determined by He gas pyonometry, This valie iz not cedtified, nt is
provided for those wishing to apply Stokes' Law caleulations.
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