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Appendix A

The mesh size of standard screen compares with the actual size of the openings

ASTM Standard Screen Sizes

Sieve opening

"Mesh" sieve

designation mm in,
4 4.76 - +0.187

6 3.36 : 0.132
10 2.00 - 0.0787
12 1.68 . 0.0661
16 1.19 0.0469
20 0.84 0.0331
40 0.42 0.0165

80 0.177 0.0070 .

120 0.125 0.0049
170 0.088 0.0035
200 0.074 0.0029
230 0.063 0.0025
270 0.053 0.0021
325 0.044 0.0017
400 0.037 0.0015

Source: ASTM E11, Annual Book of ASTM Stand-
ards, American Society for Testing and Materials,
Philadelphia, 1970,
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Appendix B

Standard Test Method for
Flow Rate of Metal Powders’

indicates the year of

This standard is issucd under the fiacd designation B 21); the

ber i 1 ly (oIl “‘.

original adoption or, in the case of revision, the year of last revision. A number in parentheses mdnnlcs the year of last reapproval. A
supersenpt epsilon («) indicates an cditorial change since the last revision or reappraval, 13213

I. Scope

1.1 This test method covers the determination of the flow
rate of metal powders and is suitable only for thosc powdecrs
which will low unaided through the specificd apparatus.

1.2 This standard may involve hazardous materials, oper-
ations, and cquipment. This standard docs not purport to
address all of the safety problems associated with its use. It is
the responsibility of the user of this standard 1o establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior 1o usc.

2. Significance and Use

2.1 The Now rate of a metal powder determines the rate ol
filling of a dic cavity in the pressing of sintcred metal parts or
bearings. High Now rates (low flow times) arc usually desired
for high productivity. The test method may be part of the
purchase agreement between powder manufacturer and P/M
parts producers, or it may be an internal quality control test
for powder blended by a parts produccr. It is commonly
applicd to [errous powders and copper basc alloys, but may
be used on other powders as well. The test is not applicable,
1o wet or pasty mixtures of metal powders, since they will not
flow through the funnel and arc not commonly used in P/M

processing.

3. Apparatus

3.1 Powder Flowmeter Funnel—A  standard  lowmeter
funnel® (Fig. 1) having a calibrated orilice of 0.10 in. (2.54

© mm) in diameler.

3.2 Stand“—A stand (Fig.
Nowmeter funncl.

3.3 Base—A level,
powder flowmeter.

3.4 Stop Watch.

3.5 Balunce—A balance suitable for weighing accuratcly
10 0.01 .

1) to support the 'powdcr

vibration-frcc basc to support the

Test Specimen
4.1 The test specimen shall be S0 g, weighed to the ncarest
0.1 g.

" This test method 1s under the jurisdiction of ASTM Committee -9 on Mctal
Powders and Metal Powder Proxducts and is the direct responsibility of Subcom-
nuttee BOY.02 on Mase Metal Powderns,

Current eldition approved Feb, 23, 1990, Published April 1990. Originally
published as 11213 = 46 T. Last previous edition B 21) - 83,

T he powder Nowmeter funnel, density cup, and stand are available from
Alcan Powders and Pigments, 201 Echigh Ave., Union, NJ 070X3-7632.

. Procedure

5.1 The test specimen shall be tested as sampled. It should
be noted, however, that moisture, oils, stcaric acid, stcarates,
waxcs, ¢l¢.. may alter the characteristics of the powder.

5.2 Carcflully load the test specimen into the flowmeter
funncl while keeping closcd the discharge orifice at the
bottom of the funncl by placing a dry finger under it. Take
carc that the short stem of the funncl is filled.

5.3 Start the stop watch simultancously with removal of
the finger from the discharge orifice and stop it at the instant
the last of the powder leaves the funnel. Record the clapsed

time in scconds.

6. Report

6.1 The clapsed time shall be multiplicd by the correction
factor (sce Note) and the result reported in seconds to the
ncarest sccond.

Noti: —The manufacturer supplics the funnel calibrated as follows:
Using the procedure described in Section §, the Mlow rate of standard
150-mesh Turkish emery is determined. The average of live determina-
tions (the extremes of which shall not differ by miore than 04 s) is
stamped on the bottom of the funncl. The correction factor of the
unused funnel is 40.0 divided by this number. It is recommended that
the factor be periodically verilied by the user by determining, by the
above method, the Now rate of the standird 150-mesh Turkish emery.*
If the Now rate has changed from that stamped on the instrument, the
new correction factor will be 40.0 divided by this new flow rate. Defore
adopting the new correction factor, however, it is recommended that the
cause of the change be investigated. I the Nlow rate has increased, it is
probable that repeated use has burnished the orifice and the new
correction factor may be uscd. A decrease in llow rate may indicate a
plating of soft powder upon the orifice. This should be carcfully
removed with the aid of a pipe cleaner and the calibration test rerun, the
new correction factor being calculated il required. It is recommended
that the usc of a funnel be discontinued after the Now rate of the
standard sample has increascd such that the time of Mlow is less than 37
s. The manufacturer’s experience indicates that, under conditions ol
almost continuous daily use, a decrcase in time of flow of 3 s should be
cxpected after § years of scrvice.

7. Precision and Bias
7.1 The precision of this test method is presently being
determined by Subcommittee 809.02.

Y Standardized No. 1530 emery prit is no longer heing sold. In those instances
where the user desires to verily the correction factor and docs not possess the Na,
150 emery grit, the funncl may be returncd to Alcan Powders and Pigments, 901
Lehigh Ave., Union, NJ 07083-7612, for re-calibration and re-certification. It is
recommended that verification be done at least annually depwending on flrequency

of usc.
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FIG. 1 Flowmeter Apparatus

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any ltem d in this standard. Users of this standard are expressly advi: that d Vs of the validity of any such

patent rights, and the risk of infringement of such rights, are entirely thelr own responsibility.

This d is subject to revision al any time by the responsible technical commitiee and must be reviewed every live years and
il not revised, either reapproved or with . Your are invited elther for revision of this dard or lor additional standard:
and should be addressed to ASTM Hi dquarters. Your ts will receive carefu! ideration at a ing of the responsible

tochnical committee, which you may attend. If you leel that your comments have not received a lair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Appendix C

Standard Test Method for

Tap Density of Powders of Refractory Metals
and Compounds by Tap-Pak Volumeter’

indicates the year of

This standard is issued under the fixed desip 0 527; the

Y. " :,’n ing the desig

original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval, A
supersenipt epsilon (o) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers determination of the tap
density (packed density) of refractory metal powders and
compounds by means of the Tap-Pak Volumcter.?

1.2 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport 1o
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to usc.

2. Apparatus

2.1 Graduated Cylinder,” calibrated to contain 25 mL at,

20°C. intcrnal diameter 15 mm, height 180 mm and weight
approximately 60 g.

2.2 Nolder—A cylinder holder weighing | 1b (454 g).

2.3 Tuppinge Device, consisting of a bascplate with single-
phase a-¢ condenser motor, with worm drive, reduction ratio
15 to I, cam shalt speed 250 rpm, tapping stroke travel 3.2
mm.

2.4 Counter—A four-digit adjustable counter, which can
be preset to deliver numbers of taps between | and 9999,

2.5 Balance, having a capacity of at least 100 g and a
sensitivity of 0.1 g.

3. Significance and Use

3.1 This test method covers the cvaluation of the tapped
density physical characteristic of powders. The degree of
corrclation between the results of this test and the quality of

! This test method is under the jurisdiction of ASTM Commitice B-9 on Metal
Powders and Metal Powder Products and is the direct responsibility of Subcom-
mittee $09.03 on Refractory Metal Powders.

Current edition approved Aug. 30, 1985, Published December 1985. Originally
published as B $27 - 70. Last previous edition B 527 - 1.

? Tap-Pak Volumeter Model No. JEL ST2 tured by J. Engel
A.G. of Ludwigshafen a. Rh. West Germany. Available through Shandon Southern
Instruments Inc., 171 Indusiry Drive, Pitisburgh, PA 15275,

Y Example: Corning, No. 3046, Pyrex Drand. .

powders in usc will vary with cach particular application and
has not been fully determined.

4. Test Specimen
4.1 The test specimen shall be 50 g except as noted in 4.2
4.2 For refractory metal and compound powders oo
voluminous to fit into the 25-ml. graduated cylinder, reduce
sample sizc to 20 g or 10 g, as necessary, and follow the
standard procedure.

" 5. Procedure

5.1 Weigh 50 g of the test specimen to an accuracy of
+0.1 g.

5.2 Pour the test specimen carcfully into the graduated
cylinder, using a funncl. To cnsure proper level, rotate the
funnel while pouring the test specimen.

5.3 Preset the counter for 3000 taps.

5.4 Start tapping device.

5.5 Rcead the tapped volume, F, in millilitres, by calcy-
lating the mean value between the highest and the lowest
point at the tapped volume.

6. Calculation and Report

6.1 Calculate tap density in grams per cubic centimetre (o
the nearest tenth by dividing 50 g (10 or 20 g for samples as
noted in 4.2) by the tapped volume, 17, read in millilitres as
follows:

Tap density, g/em® = 50 g/

where:
V= tapped volume, ml..
7. Precision and Bias

7.1 Precision has been determined from  round-robin
testing performed prior to the approval of this test method
Those results which have been re-verified show a precision of
from = 1 10 2 % of the valuc determined as the 2 « limits
The variation depends upon the tap density of the powder
being determined which can vary between 2.0 and 8.0 g/em’,

7.2 Bias cannot be stated since there is no universally
accepted standard instrument, nor are instruments sold as
centified standards.

The American Soclety lor Testing and Malerials takos no position respecting the validity of any palm. rights asserted in connoctlion

d in this

with any hem

d. Users of this standard are expressly advised that d

of the validity ol any such

patent rights, and the risk of iniringement of such rights, are entirely thelr own responsibiiiy.

This standard Is subject to revision at any time by the responsible technical committee and must be reviewed every live years and
il not rovised, either reapproved or withdrawn. Your commaents are Invited either lor revision ol this standard or for additional standards

s will recelve carelul ideration at a

and should be addressed to ASTM Headquarters. Your

ing of tho responsibl

technical committee, which you may attend. If you feol that your comments have not recelved a lair hearing you should make your
views known to the ASTM Committeo on Standards, 1916 Race St., Philadelphla, PA 19103.
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Appendix D

Standard Test Method for

102

WATER ABSORPTION, BULK DENSITY, APPARENT
POROSITY, AND APPARENT SPECIEIC GRAVITY
OF FIRED WHITEWARE PRODUCTS!

This standard is issued vnder the fixed dapuuon C373;the number immediatel
onginal adoption or, in the casc of revision, the yar of last revision. A number in

y following the daignation indictes the year of
parentheses indicates the yaar of last’ rupprvnl

A superscript cpsilon («) indicates an edilonal change since the last revision or reapproval

. Scope
1.1 This method covers procedures lor de-
termining waler absorplion, bulk density,

apparenlt poro..lly and apparent specific

gravily of fired unglazed whiteware products. -

2. Apparalus and M;(e{ixls?

2.1 Balance, of adequale capacily, suitable
to weigh accurately to 0.01 g. :

2.2 Oven, capable of mamlammg a Lcmpcr-
aturc of 150 £5C (302 £ 9 F).

2.3 Wire Loop, ‘Haller, or Basket, capable
ol supporting spccimens .under water for

making suspended mass racasurements.

2.4 Container—A glass bcakcr or similar
container of such size and shape that the
sample, when suspended from the balance by
the wire loop, specified in 2.3, is completcly
immersed in waler with the sample and the
wirc loop being complc(cly free of contact
with any part of the container.

©2.5 Pan, .in which lhc specimens may be.

bonlcd
2.6 Distilled Water.-

3. Tcst Spcc:mcm

3.1 Atlcast 5 rcprcscntalxvc lest specimens
.shall be sclected.-The! spccnmcns shall be up-
glazed and shall have as much of the surface
freshly fractured as -is practical, Sharp cdges
or corners shall be removed. The specimens

shall conlam no cr')cks The’ individual test’

‘specimens shall weigh at lcast 50 g

4. Procedure

4.1 Dry thc lest “specimens to constant

.mass (Notc) by heating in an oven at 159C:

(302 F), lollowed by coolmg ina dcs:cca(or
Determine the dry mass, D, to. the, nc..rcst

-00!3

MOTE—The drying of the spccimens lo constant-

- mass and the determination of their masses may be

done cither before or after the specimens have beea’
impregnated with water. Usually the dry mass is
determined before impregnation. However, Wi the
specimens are friable or evidence indicales that par--
ticles have broken loose during the impregnation,
the specimens shall be dricd and weighed after (he

"suspended mass and the saturated mass have been

determined. in accordance with 4.3 and 4.4. In this
casc, the second dry mass shall be uszd in zll apnro-

* priatc calculations.

4.2 Placc the specimens i1 a pan of dis-

* lilled water and boil for 5 h, taking care lhal

the specimens arc covered with water at all

“limes. Use scller_pins or some similar device,

lo scparale the specimens.. f[rom the botlom"
and sides of the, pan and fromcach other:
Aler the 5-h “boil, . allow the” specimens -

.soak for an addmonal 24 h. -

‘4.3 Alter . xmprcgnallon oJ' (hc lcsl‘spcm

.mens, - delermine to the nearest 0.01 g=the’

mass, S, of cach spccxmcn Awhile' suspended in.
waler, Perform the wclghmg ‘by placing -the.
spccnmcn in a:wire loop,.halter, or'baskettnat.

is” suspended from onezarm of the)balance

Before actually wc:ghmg, counlcrbalancc-thc‘

_sc:llc with lh; loop, halter,:or- baskel in placc

and immerse m,walcr (o lhc s.xmc dcplh as xs,
used when the, spccnmcns arc m _place -If it is:

*This mclhod is undcr the J\ﬂl;dl‘choﬂ of ASTM Com:
miltee C-21 on Ceramic Whllcw:!u and Relald Products.

Current cditicn approved Aug.- 29, 1972. Published
October 1972, Originally published_as C 37) - 55 T. Last’
previous edition C 373 < 56 (1970);



desired to ‘determine only the percentage of
water “absorption, omit the suspended mass
operation. ) .

4.4 yxfterzthewdetermination Yo Tt e sis-
eI TS O TN i pregnatia i the

-

'suspenided TnasstisTnotdetermined3blott cach -
specimen lightly “With™ a“moistened= Yinte [fee
linenTorcctton cloth~to<temove =all excess .
-si;jc.r;[rom:‘ the surface; ".and :determine “the -

saturated.mass,”M% to the nearest 0.01 8. Per-
lorm the blctling opération by rolling the
specimen lightly on the ‘wet cloth, which shall
previously have been saturated with water and

then- pressed only ‘enough (o remove such -

waler as. will. drip from thc cloth. Excessive
blotting_will. introduce. error, by-withdrawing
‘waterfrom the”pores &f the specimen. Make
’ lhc_'wfcighin'g.;im'm:'cdialcly_ after_blotting, the
who]g:'.'bpcrixli'opf being "completed as. quickly
as possible to minimizeerrors ducito cvapora-
‘tion of water fréin’the specimen.” © - -

5Calculahom , )
5.1. In the. _l'ollp'wing; caléula('ions,flhc as-
sumption is made that I cm? of water weighs
I'g. This is true within about 3 parts in 1000

for water at room temperature. - _
-5:1:1 Calculate’ the exterior volume, Y, io,
'cg_bié'ccnt.im.clrg:é..'._as follows: : .
Y eMos
5:1'2_Calculate the volumes of open pores
and impervious portions in “cubic centimetres
as [ollows: '

“Yolume:6f opén pores, em” -M'-D
Yolume 61’_ifnpc_'n?iqu_s portions, cm’’= D= §
5.1.3 The apparent: porosity, P, .cxpresscs,

as’alpercentage, (ihe relationship Tof the
volume..of ‘the open;:pores.of the specimen to

The Amertcar Soclé for. T citgand, Matisials iakes mo
loned b this standard: Users of this s

:eonnecrion with any, irerm
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its extcrior volume. Calculate :he apparent
porosity as follows:
P~ [(M-D)V] x 100

5.1.4 The water absorption, A, expresses as
a percentage, the relationship of the mass of

- waler absorbed to the mass of the dry spec-

imen. Calculate the waler absorption as fol-
lows:
A= [(M - D)) x 100 _
5.1.5 Calculate the apparent specific grav-
ity, T, of that portion of ‘the test specimen
that is impervious.to water, as follows:

T=D/(D-3)
5.1.6 The bulk density, 8, in grams per

« cubic centimetre, of a specimen is the quotient
.of'its dry mass divided by the exterior vol-

ume, including pores. Calculate the buik dsa-

© sity as follows: .

B-DlV

b6, Report

6.1 For each property, report the average
of the values obtained with at least 5 speci-
mens, and also the individual valuer. Where
there arc pronounced dilferences ariong the

. individual values, another lot of § sixecimens
shall be tested and in addition to individual

values thc average of all 10. deterrinations

.shail’be reported.

7. Precision and Accuracy _
7.1 This method is accurale to 0.2 per-

-cenl water, absorption in inicrlaboratory.

testing when the average value recorded by all
laboratories is assumed to be the truc ‘water

:absorption: ~The precision is approximately

0.1 percent water absorption on measurz-

ments made by a single experienced operator.

lon. fép}alnx the validity of any patent rights asserted i
andard are expressly advised that determination of the validity

o.any, sueh parent Aghtsand The risk of (nfringment of sueh rights, are entirely their own responsidillry.

. This standard Ls' subject 1o revision d"m y tme by lht-'rcpon.;lble techniéal commistee and muust be reviewed every five years

od f not revised, elther reapproved or withdrawn. Yo

wr commants are Inviled either jar_lrn'.vion of this standard or for additionc!

Aandards and should be addressed to ASTM Headquarter=z. Your commaents will receive careful consideration ot a meeting of ""f‘
‘responsidle technlcal commitee, which you may attend. If you fed that your comments have not reccived a fair Aearing you shouid
neke your views known fo the ASTM Committee on Standards, 1916 Race SL, Pifladelphia, Pa. 1910J.



Appendix E

X-ray Diffraction Card

of
Hydroxyapatite
(Cay(PO,),OH)
9-432 masor CORRECTION
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Appendix F

X-ray Diffraction Card

of

Beta Tricalcium Phosphate

(B - Cay(PO,),)

9-169 mason CORRECTION
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SAMPLE ODVAINED BY MEAVINL A COMMEAC 1AL SAMPLC 3.21 ss 214 2.076 d 0.2.164
3. 2 D.0.12,125) 2.06s 4 a1
3.01 16 300 2.061 6 232
2.d30 |100 P.2.10.217] 2.033 10 044
2.757 20 124 2.023 6 J24
2.710 | 10 306 2.017 4 J.l. 11
2.674 ] 1.0.12 f Sec r LLO..L Carp
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