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q[ﬂ‘n») Designation: 213 - 90

Standard Test Method for
Flow Rate of Metal Powdersl

76

This standard is issued under the fixed designation B ?: the number immediately following the designation indicates the year of

original adoption or. in the ease of revision, the year of last revision. A number in parentheses indicates the year oflast reapproval. A
superscript epsilon (<) indicates an editorial change since the last revision or reapproval. B 213

1. Scope

11 This test method covers the determination of the (low-
rate of metal powders and is suitable only for those powders
which wjll rovavhanm ed through the sp mﬂe%EJgar tus.

1.2 This Stancir mayrwvo e US 1alS, Ope!-

10S. IPMENE. lF standay not. tpur ort {0

fessall ofthe sal robemse%mat With 1S U2

the respons |Igr 0 []of S standgr {0 esta
E%D abafe E}n i E{)racnces and cetermine {
I ||tyo ( uanry Imitations prior fo e

2. Significance and Use

2.1 The flow rate of a metal powder determines the rate of
filling ofa die cavity in the pressing of sintered metal pans or
bearings. High flow rates (low flow”times) are usually desired
for high productivity. The test method may be pan of the
purchase agreement between powder manufacturer and P/M
pans producers, or it may be an internal quality control test
lor [powder blended by a pans producer. It is commonly
app . .

be used on other powders as well. The test is not applicable
to wet or pasty mixtures of metal pow ders, since they will not

flow through the funnel and are not commonly used in PL.M
processing.

3. Apparatus

31 Poader Howmeter Funnel—A standard flowmeter

funnel2 (Fig. 11 having a calibrated orifice of 0.10 in. (2.54
mm) in_diameter.

32 Stand-—A stand (Fig. 1) to suppon the powder
flowmeter funnel.

3% BﬁS@—At level, vibration-free base to suppon the
owder flowmeter.
"3 Sp Wach | N

35 A balance suitable for weighing accurately
t0 001 g
4. Test Specimen

0 146 The test specimen shall be 50 g. weighed to the nearest

<

1This test method IS under the jurisdiction of ASTM Committee B-9 on Metal
Powders and Metal Powder Products and is the direct responsibility of Subcom-
miuee B09.02 on Base Metal Powders. . _ .

Current edition aggroved Feb. 23. 1990. Published April 1990. Originalh
published as B 213 - 46 T. Last previous edition B213- S3. _

: The powder flowmeter funnel, density cup. and stand are available from
Alcan Powders and Pigments. 901 Lehigh Ave.. Union. NJ 070S3-7632.

ied to fenous powders and copper base alloys, but may-

5. Procedure

5.1 The test specimen shall be tested as sampled. It should
be noted, however, that moisture, oils, stearic acid, stearates,
waxes, €tc., may alter the characteristics of the pow'der.

5.2 Carefully” load the test SEecm]en into the flowmeter
funnel while keeping closed the discharge orifice at the
bottom of the funnel by placm? adry meer under it. Take
care that the shon stem of the funnel'is filled.

5.3 Start the stop watch simultaneously with removal of
the fmg%er from the discharge orifice and stop it at the instant
the last ofthe powder leaves the funnel. Record the elapsed
time in seconds.

6. Report

6.1  The elapsed time shall be multiplied by the correction
factor (see Notgf and the result reponed in séconds to the
nearest second.

Note — The manufacturer supplies the funnel calibrated as follow".:
Using the procedure described in Section 5. the How rate of standard
150-mesh Turkish emery is determined. The average of five determina-
tions (the extremes of which shall not differ by more than 4 " IS
stamped on the bottom of the funnel. The correction factor of the
unused funnel is 40.0 divided by this number. It is recommended that
the factor be periodically verified by theJjser by determining, by the
above method, the flow rate of the standard 150-mesh Turkish emery.'
If the flow rate has changed from that stamped on the instrument, the
new- correction factor will be 40.0 divided by this new flow rate. Before
adopting the new correction factor, however, it is recommended that the
cause of the change be investigated. If the flow rale has increased, it is
probable that repeated use has burnished the orifice and the new
correction factor may be used. A decrease in flow rate may indicate a
plating of soft powder upon the orifice. This should be carefully
removed with the aid ofa pipe cleanerand the calibration test rerun, the
new correction factor being calculated if required. It is recommended
that the use of a funnel be discontinued after the flow rale of the
standard sample has increased such that the time of flow is less than 37
. The manufacturer's experience indicates that, under conditions of
almost continuous daily use. a decrease in time of flow of3 should be
expected after 5 years of service.

7. Precision and Bias

*/1 The precision of this test method is presently being
determined by Subcommittee B09.02.

‘Standardized No. 150 emery gnt is no longer being sold. In those instances
where the user desires to verify the correction factor and docs not possess the No
150 emer> grit, the funnel may be retumed to Alcan Powders and' Pigments. 90!
Lehigh Ave.. Union. NJ 0*0S3-7632. for re-calibration and re-ccnification. It is
refcommended that verification be done at least annually depending on freaueno
of use.
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Trie American Society lor Testing and Materials takes no position respecting the validity ol any patent rights asserted in connection
with any item mentioned in this standard. Users O/ this standard are expressly advised that determination ol the validity ol any such
patent rights, and the risk ol inlrir.gement ol 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 live years and
itnot revised, eitherreapproved or withdrawn. Your comments are invited either lor revision ol this standard or lor additional standaras
and should be addressed to ASTM Headquarters. Your comments wilt receive carelul consideration at a meeting cl the responsible
technical commihee. which you may attend. Il you leel that your comments have not received a lair hearing you should make your
views known to the ASTM Committee on Standards. 7976 Race !.. Philadelphia. PA 19103.



QH”) Designation; B 527 - 93

Standard Test Method for

18

Determination of Tap Density of Metallic Powders and

Compoundsl

This standard is issued under the fixed designation B 527: the number immediately following the designation indicates the year of

original adoption or, in the case of revision

e year of last revision. A_ number in parentheses Indicates the year of last reapproval. A

superscript epsilon (<) indicates an editorial chage since the last revision or reapproval.

1. Scope

11 This test method specifies a method for the determi-
nation of tap density (packed density) of metallic powders
and compounds, that 1s, the density of a powder that has
beergj _ttapped, to settle contents, in a container under specified
conditions.

1.2 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility o fthe usér ofthis standard to establish apFro-
priate safety’and health practices and determine the applica-
bility of regulator}’ limitations prior to use.

2. Referenced Documents
21 ASTM Standards:

B 212 Test Method for Apparent Density of Free-Rowing .

Metal Powders? o
B 215 Practice for Sampling Finished Lots of Metal

owders

B 2-? Terminology of Powder Metallurgy2

B 329 Test Method for Apparent Density of Powders of
Refractory Metals and Compounds by Scott Volumeter2

B 417 Test Method for Apparent Density of Non-Free-
Flowing Metal Powders? ,

B 703 Test Method for Apparent Density of Metal Pow-
ders Using the Arnold Meter2

3. Significance and Use

3.1 This test method covers the evaluation of the lapped
densit ph%/smal characteristic of metallic powders and com-
Poun 5. The degree of correlation between the results of this
est method and the quality of powders in use will vary with

each J)articular application and has not been fully deter-
mined.

4. Apparatus

4.1 Balance, of appropriate capacity an accuracy to satisfy’
the requirements shown in Table 1

4,2 Graduated Glass Cylinder3, calibrated to contain 100
cm3 at 20°c. the height of the graduated Portlon being
approximately 175 mm. The gradUations shall be at 1 cm

1This specification is under the jurisdiction of ASTM Committee B-9 on Metal
Ponders and Metal Powder Products and is the direct responsibility of Subcom-
mittee B09.03 on Refractory Metal Powders, ] , -

Current edition a%roved Dec, 15. 1993. Published A%rll 1994. Originally
published as B 527 - 70. Last previous edition B 527 - 85 (1991)."

: Annual Book ofASTM Standards. Vol 02.05.

3Coming No. 3046. Psrex brand has been found suitable.

TABLE 1 Accuracy and Capecity cf Balance

Cylinder Capacity, cm3  Apparent Density, g/cm3  Mass of Test Portion, g
1

00 >] 100+0.5
100 <l 0+02
2 >7 100£05
2 2107 0+02
2 < 20101

intervals, thus allowing a measuring accuracy of £ 0.5 cm-,

For apFarent densities over 4.0 g/cm3, do not use the 100
cm3cyli

nder.

4.2X Alternatively, the following may be used: ,
4211 Graduated Glass C}(Im er, Calibrated to contain
25 cm3at 20°C, the height of the graduated portion being
aptproxllmately 135 mm. The graduations shall be at 0.2 cm-
Intervals,

4.2.1.2 A 25-cm3 cylinder shall be used for powders of
apparent density higher than 4 g/cm3. in particular for
refractory" metal powaers, but may also be used for powder of
lower apparent density. , , ,

43 TapiJ_m Apparatus.“which permits the lapping of the
graduated cylinder against a firm base. The tapping shall be
such that a densification, of the powder can take place
without any Ioosen,lnz of its surface layers. The stroke shall

be 3 mm (0.118 in.] and the taRpmg frequency shall be
between 100 and 300 taps/min. An
apparatus is shown in Fig. L

5. Test Specimen ~

5.1 For the quantities of powder required for each lest, see
Eable L Obtain test powder samples according to Practices

5.2 In general, the powder should be tested in the as-
received condition. In certain jnstances the powder may be
dried. However, if the powder is susceptible to oxidation! the
drying shall take place in a vacuum_or in inert gas. If the
powder contains volatile substances, it shall not bé dried.

5.3 The test shall be carried out on three test samples.

6. Procedure

6.1  Clean the inside the wall of the graduated cylinder
(5.2) with a suitable clean brush or, if necessary, by rinsin
with a solvent, such as acetone. If a solvent “is used,
thoroughly dry the cylinder before reuse.

example of‘a tapping

4The foIIowm(i have been found suitable: Shandon Southern Instruments. Inc.
Tap-Pak Volumeter Model JEL-ST2 (Manufactured by J. Engelsmann A.c. o:
Ludwpshafcn 9. Rh. West Germany?j 515 Broad Street. S,cvwckl% PA 15143
Vanke!” Industries. Vandcrkamp Tap Density Tester. 36 Meridian Road. Edison
VI 0XS20: Ouantachrome Com.. Dual Autofap. 6 Aerial Way. Syosset. NY 11791
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FIG. 1 Example of Tapping Apparatus

6.2 Weigh, to the nearest 0.1 g, the mass of the test
portion asindicated in Table 1, usm%a balance (4.1).

6.3 Pour the test portion into the graduated cylinder.
Take care that a level surface of the_powder is formed. Place
the cylinder in the tapping apparatts (4.3). Tap the cylinder
until'no further decrease in the volume of the powder takes

place (see Note 1).

Note |—In practice, the minimum number of taps. A" such that no
further change in volume takes place would be determined. For all
further tests on the same type of powder, the cylinder would be subjected
to 2A! ups. except where general experience and accepunce have
esublished a specific number of Ups (no less than N ups) as bein
satisfactary. For fine refractory metal powders, 3000 ups has been foun
to be satisfactory for all sizes.

6.4 Ifthe tapped surface is level, read the volume directly.
|fthe tapped surface Is not level, determine the tape volume
by calculating the mean value between the highest and the
|owest reading of the tapped surface. Read the final volume
to the nearest’0.5 cm3when using a 100 cm3cylinder and to
the nearest 0.2 cm3 when using & 25 cma3 cylinder.

7. Calculation
7.1 The tap density is given in the following equation

" S

where; ,

Pi = tap density', g/cm3
M = mass of powder, dq
V —volume of tappe
8. Report

8.1 Report the foIIow,ln% information:

* 811 Reference to this test method,
8.1.2 All details necessary for identification of the test
sampl

8.1

8.1

and
powder, cm3,

.
3 The drying procedure, if the powder has been dried.
4 Cylinder capacity, mass of test portion and method

used. ,
.15 The result obtained.

8.1.6 All operations not specified in this test method or
regarded as optional.

.llt.7 Detalls of any occurrence that may have affected the
result

9. Precision and Bias

9.1 Precision and bias cannot be Slated at this time
because this test method covers a broad range of powders
and associated densities.

10. Keywords

10.1 apparent density: bulk density; density; density ratio:
gweta_ltypowders; packed density; powder metallurgy: tap
ensi
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Designation: ¢ 373 - 88 (Reapproved 1994)

Standard Test Method for

Water Absorption, Bulk Density, Apparent Porosity, and
Apparent Specific Gravity of Fired Whiteware Products®

This standard is issued under the fixed designation ¢ 373: the, number immediately followin

the designation indicates the year of

original adoption or, In the case of revision, the year oflast revision. A number in parentheses?ndlcates e year of last reapproval. A
superscript epsilon (<) indicates an edltorial change since the last revision or reapproval.

1. Scope

11 This test method covers procedures for determining
water absor_?_tlon, bulk density, apparent porosity, and ag>
parent sgem ic gravity of fired unglazed whitewar products.

1.2 This standard,”does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
Bn_ate safety and health practices and determine the applica-

ility of regulatory limitations prior to use.

2. Significance and Use

. 21 Measurement of density, porosity, and sPecm,c gravity
is a tool for determining the degree” of maturation of a
ceramic.body, or for detérmining Structural properties that
may be required for a given application.

3. Apparatus and Materials

31 Balance, of adequate capacity, suitable to weigh accu-
rately to 0.01

32 Oven, capable of maintaining a temperature of 150 =
5C (302 1 9F§)

3.3 Wire Loop. Halter, or Basket, capable of supporting
speC{mens under water for making suspended mass measure-
ments.

34 Container—A glass beaker or similar container of
such size and shape that the sample, when suspended from
the balance by the wire loop, specified in 3.3, 15 completely
immersed in water with the sample and the wire loop being
coréwgletely free of contact with any pan of the_container.

Pari. in which the specimens may be hoiled.
3.6 Distilled Water.

4, Test Specimens

41 At _least five representative test specimens shall be
selected. The specimens shall be unglazed and shall have as
much of the surface freshly fractured as is practical. SharP
edges. or comers shall be” removed. The. Specimens shall

contain r. cracks. The individual test specimens shall weigh
at least 50 g,

5. Procedure
51 Dry the test specimens to constant mass (Note) by

1This lesi method is under the F!urisdiction of ASTM_ Committee C-21 on
Ceramic Whitewares and Related Products and is the direct responsibilitv of
Subcommittee C21.03 on Fundamental Propemlei

s,
!)U tfent edifion apgroved Sept. 30, 1988&_P_ub @ed November 198S. Originally
published as U 3735 T. Last previous edition L 373 - 72 (19521,

heating in ar, oven at 150°C (302%F), followed by cooling in a
desiccator. Determine the dry mass, D, to the riearest 0701 g.

Note—The dr}/mg of the specimens to constant mass and the
determination of their masses may be done either before or alter the
specimens have been impregnated with water. ly the dry mass is
determined hefore |mpreﬁnat|0n..However, if the specimens are friable
or evidence indicates that particles have broken loose during the
impregnation, the specimens shall be dried and welghed after the-
suspended mass and the saturated mass have been determined, in
accordance with 5.3 and 5.4 In this case, the second dry mass shall be
used in all appropriate calculations.

5.2 Place the specimens in a pan of distilled water and boil
for 5 h, taking care that the specimens are covered with water
at all timgs. Use setter RInS or some similar device to separate
the specimens from the bottom and sides of the pan and
from each other. After the 5-h boil, allow the specimens to
soak for an additional 24 h. , .

53 After |mpre?nat|on of the test specimens, determine
to the nearest 0.0 g the mass. . of each specimen while
suspended_ in water,” Perform the wei hmgn by placing the
specimen in a wire loop", halter, or basket that’ is suspended
from one arm of the balance. Before actually weighing,
counterbalance the scale with the loop, halter, or bagket in
place and immerse in water to the same depth as is used
when the specimens are in place. If it is desired to determine
only the percentage of water absorption, omit the suspended
Mmass operatign. o
_ 5.4 Atter the determination of the suspended mags or alter
impregnation, if the suspended mass is not determined, blot
each Specimen lightly with a moistened, lint-free linen or
cotton cloth to remove all excess water from the surface, and
determine the saturated mass, . , to the nearest 0.01 g
Perform the blotting operation by rolling the specimen
ightly, on the wet cloth, which shall previously have been
saturated with water and then presseci only enou%h to re-
move such water as will drip from the Cloth. Excessive
blotting will intrgduce error by withdrawing water from the
nores of the specimen. Make the weighing immediately after
plotting, the whole operation being completed as quickly as

Eossib e to minimize errors due to Bvaporation of water from
he specimen.

6. Calculation

6.1 In the following calculations, the assumption is made
that 1 cm3 of water Weighs 1g. This is true within about 3
pans in 1000 for water & room temperature. , ,

6.L.1 Calculate the exterior volume. 'V, in cubic centi-
metres. as follows:

r=A/-S



#

~ 6.1.2 Calculate the volumes of open pores *CP and
impervious portions V19in cubic centimetres as follows:
V(P=M-D
VP=D-$S
6.1.3 The apparent porosity, p, expresses, as a percent, the

relationship of the volume of the open pores of the specimen
to its exterior volume. Calculate the apparent porosity as

follows: .
p- t(A- D)V X 10
6.1.4 The water absorption, A, expresses as a percent, the
relationship of the mass of water absorbed to the mass of the
dry specimen. Calculate the water absorption as follows:
A= [(AV- b)) X 100
6.1.5 Calculate the apparent specific gravity. T of that

portion of the test specimen that is impervious to water, as
follows:

T=DJD- )
. The American Society lor Testing and Meterials takes no posit
Tl Rt e

VIEWS

e e T T s A
G

¢ 373

6.1.6 _ The bulk density, B, in grams per cubic centimetre,
of a specimen is the quotient of its dry mass, divided by the
exterjor volume, including pores. Calculate the bulk densii\

as follows:
B=DI/V
. Report

7.1 For each Property, report the average of the values
obtained with at least five specimens, and alSo the individual
values, Where there are pronounced differences among, the
individual valugs, test another lot of five specimens and, in

addition to, individual values, report the average of all ten
determinations.

8. Precision and Bias

- 8.1 This test method is accurate to £0.2 % water absorp-
tion in interlaboratory testing when the average value
recorded by all laboratories is assumed to be the true water
absorption.” The precision is approximately + 0.1 %, water
absorPtlon on measurements made by a single experienced

operator.
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