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ภ า ค « บ ว ก

ภ า ค « บ ว ก  ก .

37 -1 484 W a ve le n g th — 1.5405981
Z r 0 2
Z irc o n iu m  O x id e  

B adde le y ite , syn
R ad .: C uK a lX : 1.5405 F ilte r :  G raph  M o n o  d-sp: D if f ra c to m e te r
C u to f f :  17.7 In t . :  D if f ra c t .  I / Ic o r . :  2 .6
R e f: M c M u rd ie , H  et a l., P ow de r D if f ra c t io n ,  1, 275 (1 9 8 6 )

Sys.: M o n o c lin ic  S .G .: P 2 j/a  (1 4 )
a: 5 .3 12 9 (4 ) ๖: 5 .2 125 (4 ) c : 5 .1 4 7 1 (5 ) A : 1.0193 C : 0 .9875  
a: p: 9 9 .2 1 8 (8 ) y: Z : 4 m p :
R e f: Ib id .

D x : 5 .817 D m : S S /F O M 3 ( = l  1 1 (.0073 , 37 )
C o lo r : C o lo rle ss
Peak h e ig h t in te n s ity . T he  m ean tem pera tu re  o f  the data  
c o lle c t io n  was 25 .5°. S am p le was ob ta in ed  fro m  T ita n iu m  
A l lo y  M a n u fa c tu r in g  C o. (1 9 9 0 ) and w as heated to  1 3 0 0 “ 
fo r  48  hours. C A S  #: 1314 -23 -4 . S pec trog raph ic  ana lys is
show ed  tha t th is  sam p le con ta ined  less than  0 .0 1 %  each o f  
A l,  H f  and M g  and be tw een  0.1 and 0 .0 1%  each o f  Fe, S i 
and  T i.  Patte rn re v ie w e d  b y  H o lz e r , J., M cC a rth y , G .,
N o r th  D ako ta  S tate U n iv . ,  F a rgo , N D , U S A , IC D D  
G ra n t- in -A id  (1 990 ). A g rees  w e ll w ith  e xpe rim en ta l and  
ca lcu la te d  pa tte rns . A d d it io n a l w ea k  re f le c tio n s  [in d ic a te d  
b y  b racke ts ] w e re  observed , a ^ o b f ) ^  ±1. T he re  are a 
nu m be r o f  p o ly m o rp h ic  fo rm s  o f  Z r  0 2  s tab le  at d if fe re n t  
tem pera tu res and pressures. T h e  s tru c tu re  o f  Z r  0 2  
(b a d de le y ite ) w as de te rm ined  b y  M c C u llo u g h  and  
T ru e b lo o d  (1 ) and c o n firm e d  b y  S m ith  and N e w k ir k  (2 ).
0 2  Z r  type . A ls o  ca lle d : z irc o n iu m  d io x id e .A ls o  ca lled : 
z irk ite .S ilv e r ,  f lu o ro p h lo g o p ite  used as an in te rn a l stands. 
PSC : m P12 . T o  rep lace  13 -307 and 3 6 -4 20  and v a lid a te d  b y  
ca lcu la te d  pa tte rn  24 -1165 . M w t:  123.22. V o lu m e [C D ]:  
140.70.

2 0 In t h k 1 20 In t h k 1

17 .419 * 3 0 0 1 6 5 .7 0 0 * 6 0 2 3
24 .048 " 14 1 1 0 6 5 .8 8 4 * 4 T 3 2
24 .441 " 10 o 1 1 6 8 .9 1 2 * 1 2 3 1
28 .175  100 r 1 1 69 .620* < 1 3 2 1
31 .468 " 6 8 1 1 1 70 .190* < 1 3 2 2
34 .160 " 21 2 o o 7 1 .0 7 1 * 2 2 2 3
34 .383 " 11 0 2 o 7 1 .3 0 0 * 4 4 o 1
35 .309 " 13 0 0 2 7 1 .9 5 0 * 1 4 0 0
3 5 .9 0 0 * 2 2 o 1 7 2 .1 0 4 * 1 2 3 2
38 .396  1 [ 2 1 0 ] 72 .450* < 1 0 4 0
3 8 .5 4 1 * 4 1 2 o 72 .642* < 1 3 1 2
39.41 1" <1 0 1 2 73 .580* < 1 3 1 3
39 .990* <1 2 1 1 7 4 .6 8 2 * 2 0 0 4
40 .725 " 12 r 1 2 7 5 .0 4 6 * 4 1 4 o
4 1 .1 5 0 * 5 2 0 1 7 6 .4 1 0 * 1 r 1 4
4 1 .3 7 4 * 5 r 2 1 77 .392* <1 3 3 0
4 4 .8 2 6 * 7 2 1 1 78 .079* <1 4 o 1
4 5 .5 2 2 *  6 2 0 2 7 8 .8 6 6 * 1 0 3 3
4 8 .9 4 9 *  2 2 1 2
49 .266 " 18 2 2 0
50.1 16" 22 0 2 2
50 .559 " 13 2 2 1
5 1 .1 9 3 * 5 โ 2 2
54 .104 " 11 0 0 3
54 .680* <1 2 2 1
55 .270  11 [ 1 2 2]
55 .400 " 11 3 1 o
5 5 .5 7 0 * 9 3 1 1
5 5 .8 8 3 * 6 0 3 1
5 7 .1 6 8 * 7 T 1 3
5 7 .8 6 1 * 4 r 3 1
5 8 .2 6 8 * 3 2 2 2
5 9 .7 7 5 * 8 1 3 1
6 0 .0 5 5 *  7 2 0 3
6 1 .3 6 7 *  5 3 1 1
6 1 .9 8 4 *  5 3 1 2
6 2 .8 3 8 * 8 1 1 3
6 4 .0 7 9 *  1 3 2 0
6 4 .2 5 0 *  2 2 3 o
64 .966* <1 0 3 2
6 5 .3 8 4 * 2 2 3 1

©1996 JCPDS-Intemational Centre fo r D iffraction Data. A ll rights reserved.
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42-1164 W a ve le n g th =  1,541 8________ *_

Z r 0 2
Z irc o n iu m  O x id e

R ad .: C u K a  X: 1 .5418 F ilte r :  d -sp : C a lcu la te d
C u t o f f :  In t . :  D if f r a c t .  I / lc o r . :
R e f: T e u fe r , G ., A c ta  C ry s ta llo g r ., 15, 1 187 (1 9 6 2 )

S ys.: T e tragona l S .G .: P 42 /nm c  (1 3 7 )
a: 3 .64 b: c : 5 .2 7  A :  C : 1 .4478
a: p: y : Z : 2 m p :
R e f: Ib id .

D x : 5.861 D m : S S /F O M 3 c= 2 5 3 ( .0 0 3 0 , 4 0 )

P a tte rn  taken  at 1250 c .  D -va lu e s  c a lcu la te d  u s in g  c e ll 
pa ram e te rs  re po rte d  in  re fe rence . 0 2  Z r  type . PSC : tP 6 . T o  
re p la ce  2 4 -1 16 4 . M w t :  123 .22 . V o lu m e [C D ] :  69 .83 .

2e In t h k 1 29 In t h k 1
29.831 lo o 1 0 1 1 15.805 3 4 0 034.023* 39 o o 2 121.236 1 2 1 534.855* 34 1 1 0 122.737 1 0 0 642.354* 2 1 0 2 123.460 1 3 2 349.510* 34 1 1 2 124.597 1 4 1 150.121* 38 2 0 0 125.587 1 3 1 458.326* 12 1 0 3 127 323 1 4 0 259.427* 13 2 1 1 127.919 1 3 3 061.967* 7 2 0 2 136.049 1 1 1 667.643- <1 2 1 2 141.805 3 3 3 271.623* 6 0 0 4 142.585 3 4 2 073.595* 8 2 2 0 151.315 2 3 0 576.968- <1 1 0 4 154.1 12 3 2 0 680.428* 3 2 1 3 155.541 3 4 1 381 382* 3 3 0 1 164.835 3 4 2 282.191* 3 1 1 483.616* 2 2 2 284 089* 2 3 1 o92.499* 2 2 0 493.915* 3 3 1 299 186* 2 1 0 5101.106 2 3 0 3102.066 2 3 2 1113.731 2 2 2 4

©1996 JCPDS-Intemational Centre fo r D iffraction Data. A ll rights reserved.
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26 -0341 W a ve le n g th =  1 ,54056
CaO. 15 Z r0 .8 5 Ô l .85  
C a lc iu m  Z irc o n iu m  O x id e

R ad .: C u  X: 1 .5405 F ilte r :  N i  B e ta  M  d -sp : D if f ra c to m e te r
C u t o f f :  In t . :  D if f r a c t .  L /Ico r.: 8 .50
R e f: M c llv r ie d ,  M c C a r th y , P enn S tate U n iv e rs ity ,  U n iv e rs ity  
P a rk , P ennsy lvan ia , U S A , IC D D  G ra n t- in -A id ,  (1 9 7 2 )

S ys.: C ub ic S .G .: F m 3 m  (2 2 5 )
a: 5 .135 b: c: A :  C :
a: p: y :  z : 4 m p :
R e f: Ib id .

D x :  5.551 D m : S S /F O M  1 f=42.( .024 , 11)

20 In t h k 1
30 .157  100 1 1 1
34 .952 " 20 2 0 0
50 .225 " 45 2 2 0
59 .682 " 25 3 1 1
6 2 .6 3 2 *  4 2 2 2
7 3 .7 2 6 * 4 4 o 0
8 1 .6 7 1 * 6 3 3 1
84 2 8 5 *  4 4 2 0
9 4 .6 1 4 *  5 4 2 2
102 .454  4 5 1 1
116 060  1 4 4 0

*

C o m p o s it io n  o f  m os t " l im e  s ta b iliz e d  z irc o n ia "  re fra c to r ie s  
and ce ram ics . PSC : c F l 1 .40. M w t :  113 .15 .
V o lu m e [C D ] : 135 .40 .

©1996 JCPDS-Intemational Centre fo r D iffraction Data. A ll rights reserved.
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ภ า ค ผ บ ว ก  ข .

Designation: ธ 213 -  90

Standard T e s t M ethod fo r 
F lo w  R a te  o f M e ta l P o w d e rs 1
This standard is issued under the fixed designation B ท ? : the number immediately following the designation indicates the year of 
original adoption or. in the ease o f 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. B 2I3

1. Scope
1.1 This test method covers the determination o f the (low- 

rate o f metal powders and is suitable only for those powders 
which will flow, unaided through the specified apparatus.

1.2 This standard may involve hazardous materials, oper­
ations. and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safely and health practices and determine the 
applicability of regulatory limitations prior to use.
2. Significance and Use

2.1 The flow rate o f a metal powder determines the rate of 
filling of a die cavity in the pressing o f sintered metal pans or 
bearings. High flow rates (low flow” times) are usually desired 
for high productivity. The test method may be pan o f the 
purchase agreement between powder manufacturer and P/M  
pans producers, or it may be an internal quality control test 
ior powder blended by a pans producer. It is commonly 
applied to fenous powders and copper base alloys, but may­
be used on other powders as well. The test is not applicable 
to wet or pasty mixtures of metal pow ders, since they w ill not 
flow through the funnel and are not commonly used in P/.M 
processing.
3. Apparatus

3.1 Powder Flowmeter Funnel—A standard flowmeter 
funnel2 (Fig. 11 having a calibrated orifice o f 0.10 in. (2.54 
mm) in diameter.

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

3.3 Base— A level, vibration-free base to suppon the 
powder flowmeter.

3.4 Stop Watch.
3.5 Balance—A balance suitable for weighing accurately 

to 0.01 g.
4. Test Specimen

4.1 The test specimen shall be 50 g. weighed to the nearest
0.1 g.

5. Procedure
5.1 The test specimen shall be tested as sampled. It should 

be noted, however, that moisture, oils, stearic acid, stearates, 
waxes, etc., may alter the characteristics o f the pow'der.

5.2 Carefully" load the test specimen into the flowmeter 
funnel while keeping closed the discharge orifice at the 
bottom of the funnel by placing a dry finger under it. Take 
care that the shon stem o f the funnel is filled.

5.3 Start the stop watch simultaneously w ith removal of 
the finger from the discharge orifice and stop it at the instant 
the last o f the 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 Note) and the result reponed in seconds to the 
nearest second.

N o t e  — T he  m a n u fa c tu re r supp lies the  fu n n e l c a lib ra te d  as fo llow '.: 
U s in g  the procedure described in  Section  5. the  How ra te  o f  s tandard  
150-m esh T u rk is h  em ery is d e te rm ine d . T h e  average o f  f iv e  d e te rm in a ­
t io n s  (the  extrem es o f  w h ic h  sha ll n o t d if fe r  by m o re  th a n  บ .4 ร'. IS 
s tam ped on  th e  b o tto m  o f  the  fu n n e l. T h e  c o rre c tio n  fa c to r  o f  the  
unused  fun n e l is 4 0 .0  d iv id ed  b y  th is  n um b e r. I t  is  re c o m m e n d e d  tha t 
th e  fac to r be p e rio d ic a lly  v e rif ie d  by the  J js e r by d e te rm in in g , by the 
above m ethod , the  flo w  ra te  o f  the  standard 150-m esh T u r k is h  em ery . ' 
I f  the  flo w  rate has changed fro m  th a t stam ped o n  th e  in s t ru m e n t ,  the 
new- co rrec tion  fa c to r w i l l  be 4 0 .0  d iv id ed  b y  th is  n e w  flo w  ra te . B efore  
ad op tin g  the  new  c o rre c tio n  fac to r, how ever, i t  is re c o m m e n d e d  th a t  the 
cause o f  the change be investiga ted . I f  the flo w  ra le  has increased , it  is 
p robab le tha t repeated use has bu rn ished  the  o r if ic e  a nd  th e  new 
c o rrec tio n  fac to r m a y  be used. A  decrease in  flo w  ra te  m ay in d ic a te  a 
p la tin g  o f  so ft p o w d er u p on  th e  o rif ic e . T h is  s h o u ld  be c a re fu lly  
rem oved  w ith  the  a id  o f  a pipe c leaner and the  c a lib ra tio n  test re ru n , the 
new  c o rrec tion  fa c to r be ing  ca lcu la ted  i f  re q u ire d . I t  is re c om m en d ed  
th a t the use o f  a fu n n e l be d isc on tin ue d  a fte r th e  f lo w  ra le  o f  the  
standard  sam ple has increased such th a t the  t im e  o f  f lo w  is  less th a n  37 
ร. T h e  m a nu fac tu re r 's  experience ind icates th a t,  u n d e r  c o n d it io n s  o f 
a lm o s t c o n tin u o u s  d a ily  use. a decrease in  t im e  o f  f lo w  o f  3 ร s h o u ld  be 
expected a fte r 5 years o f  service.

7. Precision and Bias
•7.1 The precision o f this test method is presently being 

determined by Subcommittee B09.02.
1 This test method IS under the jurisdiction o f ASTM Committee B-9 on Metal 

Powders and Metal Powder Products and is the direct responsibility o f Subcom- 
miuee B09.02 on Base Metal Powders.

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

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

'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 emcr> grit, the funnel may be returned to Alcan Powders and Pigments. 90! 
Lehigh Ave.. Union. NJ 0‘*0S3-7632. for re-calibration and re-ccnification. It is 
recommended that verification be done at least annually depending on freaueno 
o f use.
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F IG . 1 F lo w m e te r  A p p a ra tu s

Trie Am erican  S oc ie ty  lo r  Testing  and  M a te ria ls  takes n o  p o s it io n  respecting the  va lid ity  o l  a ny  pa ten t r ig h ts  a sse rted  in  connec tion  
w ith  any item  m en tioned  in  th is  s tandard . Users 0/  th is  s tanda rd  a re  exp ress ly advised tha t d e te rm ina tion  o l the  va lid ity  o l a ny  such  
pa ten t rights , and  the r is k  o l in lrir.gem en t o l such  rig h ts , are en tire ly  the ir ow n  responsib ility .

This s tanda rd  is sub jec t to  rev is ion  a t any  tim e  b y  the  respons ib le  techn ica l comm ittee and  m u s t be re v iew ed  every live  years and  
i t  no t revised, e ith e r reapp roved  o r w ithd raw n . Y our com m en ts  a re  in v ited  e ithe r lo r  rev is ion  o l th is  s tand a rd  o r lo r  add itiona l s tand  a ras  
and  shou ld  be add ressed  to  A STM  Headquarters. Your com m en ts w ilt receive ca re lu l cons ide ra tion  a t a  m ee ting  c l the  responsib le  
techn ica l com m ihee . w h ich  you  m ay a ttend. I I  you  le e l th a t yo u r com m ents have no t rece ived  a  la ir  h ea ring  you  shou ld  m ake you r  
v iew s know n  to  the  A S TM  Com m ittee on S tanda rds . 7976 Race ร ! . . Philadelphia. PA  19103.
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Designation: B 527 -  93

S ta n d a rd  T e s t M e thod  fo r
D e te rm in a t io n  o f T a p  D e n s ity  o f M e ta l l ic  P o w d e r s  a n d  
C o m p o u n d s 1
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, 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.

1. Scope
1.1 This test method specifies a method for the determi­

nation of tap density (packed density) of metallic powders 
and compounds, that is, the density of a powder that has 
been tapped, to settle contents, in a container under specified 
conditions.

1.2 This standard does not purport to address all o f  the 
safety problems, i f  any, associated with its use. It is the 
responsibility o f  the user o f  this standard to establish appro­
priate safety and health practices and determine the applica­
bility o f  regulator}’ lim itations prior to use.

2. Referenced Documents
2.1 A S T M  Standards:
B 212 Test Method for Apparent Density of Free-Rowing . 

Metal Powders2
B 215 Practice for Sampling Finished Lots of Metal 

Powders2
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 Powders2
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 
density physical characteristic of metallic powders and com­
pounds. The degree of correlation between the results of this 
test method and the quality of powders in use will vary with 
each particular 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 portion being 
approximately 175 mm. The graduations shall be at 1 cm-'

1 This 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 approved Dec. 15. 1993. Published April 1994. Originally 
published as B 527 -  70. Last previous edition B 527 -  85 (1991).“

: Annual Book o f ASTM  Standards. Vol 02.05.
3 Coming No. 3046. Psrex brand has been found suitable.

TABLE 1 Accuracy and Capacity cf Balance
Cylinder Capacity, cm3 Apparent Density, g/cm3 Mass of Test Portion, g

100 >1 100 ± 0 .5
100 <1 50 ±  0.2
25 >7 100 ± 0.5
25 2 to 7 50 ± 0.2
25 <2 20 ± 0.1

intervals, thus allowing a measuring accuracy of ±  0.5 cm-. 
For apparent densities over 4.0 g/cm3, do not use the 100 
cm3 cylinder.

4.2.1 Alternatively, the following may be used:
4.2.1.1 Graduated Glass Cylinder, calibrated to contain 

25 cm3 at 20’C, the height of the graduated portion being 
approximately 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.

4.3 Tapping 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 loosening of its surface layers. The stroke shall 
be 3 mm (0.118 in.) and the tapping frequency shall be 
between 100 and 300 taps/min. An example of a tapping 
apparatus is shown in Fig. 1.
5. Test Specimen ~

5.1 For the quantities of powder required for each lest, see 
Table 1. Obtain test powder samples according to Practices 
B 215.

5.2 In general, the powder should be tested in the as- 
received condition. In certain instances 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 be 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 rinsing 
with a solvent, such as acetone. If à solvent is used, 
thoroughly dry the cylinder before reuse.

4 The following have been found suitable: Shandon Southern Instruments. Inc. 
Tap-Pak Volumeter Model JEL-ST2 (Manufactured by J. Engelsmann A .c. o: 
Ludwigshafcn 9. Rh. West Germany). 515 Broad Street. Scwickly. PA 15143 
Vankc! Industries. Vandcrkamp Tap Density Tester. 36 Meridian Road. Edison 
VI OXS20: Ouantachrome Com.. Dual Autotap. 6 Aerial Way. Syosset. NY 11791
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6.2 Weigh, to the nearest 0.1 g, the mass of the test 
portion as indicated in Table 1, using 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 apparatus (4.3). Tap the cylinder 
until no further decrease in the volume of the powder takes

place (see Note 1).
Note I— 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 o f powder, the cylinder would be subjected 
to 2A! ups. except where general experience and accepunce have 
esublished a specific number o f Ups (no less than N  ups) as being 
satisfactory. For fine refractory metal powders, 3000 ups has been found 
to be satisfactory for all sizes.

6.4 If the tapped surface is level, read the volume directly.
If the tapped surface is not level, determine the tape volume 
by calculating the mean value between the highest and the 
lowest reading of the tapped surface. Read the final volume 
to the nearest 0.5 cm3 when using a 100 cm3 cylinder and to 
the nearest 0.2 cm3 when using a 25 cm3 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, g, and 
V — volume of tapped powder, cm3.
8. Report

8.1 Report the following information:
* 8.1.1 Reference to this test method,

8.1.2 All details necessary for identification of the test 
sample.

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

used.
ร. 1.5 The result obtained.
8.1.6 All operations not specified in this test method or 

regarded as optional.
8.1.7 Details 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: 
metal powders; packed density; powder metallurgy: tap 
density

The American Society for Testing and Materials takes no position respecting the validity cf 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 แ not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or lor 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. 1916 Race Si. Philadelphia, PA 19103.
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S tanda rd  T e s t M e thod  fo r
W a te r  A b s o r p t io n ,  B u lk  D e n s ity ,  A p p a re n t  P o ro s ity ,  a n d  
A p p a re n t  S p e c i f ic  G ra v i ty  o f  F ire d  W h ite w a re  P r o d u c ts 1 *

This standard is issued under the fixed designation c  373: 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.

1. Scope
1.1 This test method covers procedures for determining 

water absorption, bulk density, apparent porosity, and aj> 
parent specific gravity of fired unglazed whiteware products.

1.2 This standard, does not purport to address all o f  the 
safety concerns, i f  any, associated with its use. It is the 
responsibility o f  the user o f  this standard to establish appro­
priate safety and health practices and determine the applica­
bility o f  regulatory limitations prior to use.

2. Significance and Use
2.1 Measurement of density, porosity, and specific gravity 

is a tool for determining the degree of maturation of a 
ceramic .body, or for determining structural properties that 
may be required for a given application.
3. Apparatus and Materials

3.1 Balance, of adequate capacity, suitable to weigh accu­
rately to 0.01 g.

3.2 Oven, capable of maintaining a temperature of 150 = 
5‘C (302 ± 9 F).

3.3 Wire Loop. Halter, or Basket, capable of supporting 
specimens under water for making suspended mass measure­
ments.

3.4 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, is completely 
immersed in water with the sample and the wire loop being 
completely free of contact with any pan of the container.

3.0 Pan. in which the specimens may be boiled.
3.6 Distilled Water.

4. Test Specimens
4.1 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.ว cracks. The individual test specimens shall weigh 
at least 50 g.
5. Procedure

5.1 Dry the test specimens to constant mass (Note) by

1 This lesi method is under the jurisdiction of ASTM Committee C-21 on 
Ceramic Whitewares and Related Products and is the direct responsibilitv of 
Subcommittee C21.03 on Fundamental Properties.

jU tfcn t edition approved Sept. 30. 1988] Published November 198S. Originally
published as c 373 -  5รุ่ T. Last previous edition c 373 -  72 ( I9S21.

heating in ar. oven at 150°c (302*F), followed by cooling in a 
desiccator. Determine the dry mass, D, to the nearest 0โ01 g.

N ote—The drying o f the specimens to constant mass and the 
determination o f their masses may be done either before or alter the 
specimens have been impregnated with water. บรนฟly the dry mass is 
determined before impregnation. However, i f  the specimens are friable 
or evidence indicates that particles have broken loose during the 
impregnation, the specimens shall be dried and weighed 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 times. Use setter pins 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.

5.3 After impregnation of the test specimens, determine 
to the nearest o .ol g the mass. ร. of each specimen while 
suspended in water. Perform the weighing 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 basket 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 
mass operation.

5.4 After the determination of the suspended mass 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, .พ, to the nearest 0.01 g. 
Perform the blotting operation by rolling the specimen 
lightly, on the wet cloth, which shall previously have been 
saturated with water and then presseci only enough to re­
move such water as will drip from the cloth. Excessive 
blotting will introduce error bv withdrawing water from the 
pores of the specimen. Make the weighing immediately after 
blotting, the whole operation being completed as quickly as 
possible to minimize errors due to evaporation of water from 
the specimen.

6. Calculation
6.1 In the following calculations, the assumption is made 

that 1 cm3 of water weighs 1 g. This is true within about 3 
pans in 1000 for water at room temperature.

6.1.1 Calculate the exterior volume. V, in cubic centi­
metres. as follows:

r = A / - S
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6.1.2 Calculate the volumes of open pores * OP and 

impervious portions V 19 in cubic centimetres as follows:
VOP = M -  D 
V,P = 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)j V] X 100
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 =  [(A/ -  D) /D)  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:

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 
exterior volume, including pores. Calculate the bulk densii\ 
as follows:

B = D / V
.ๆ 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 values, 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 
absorption on measurements made by a single experienced 
operator.T = DJ(D -  ร)

The 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 ol this standard are expressly advised that determination ol the validity ol any such patent rights, and the rtek ci intringement ol such rights, are entirety their own responsibility.
This standard is subject to revision at any time by the resDonsibte technical committee and must be reviewed every live years and il not revised, either reaDproved or withdrawn. Your comments are invited either for revision Ot this standard or 1er additional standards and should be addressed to ASTM Headquarters. Your comments will receive carelul consideration a: a meeting ol the responsible technical committee, which you may attend. II you tea! that your comments have not received a lair hearing you should make your views known to the ASTM Committee on Standards. 7976 Race St., Philadelphia, PA 79703.
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ประว้ลิผู้เขียน

นายพิชญ์รัตน์อินทร์เอึ๋อ เกิดวันพฤหัสบดีท่ี 25 ธันวาคม พ.ค. 2518 ท่ีจังหวัดกรุงเทพฯ 
สำเร็จการคึกษภปริญญาตรีวิทยาคาสตร์บัณฑิต สาขาเซรามิก ภาควิชาวัสดุคาสตร์ คณะวิทยา- 
ศาสตร์ จุฬาลงกรณ์มหาวิทยาล้ย ในปีการคึกษา 2539 และเข้าคึกษาต่อในหลักสูตรวิทยา- 
ศาสตร์มหาบัณฑิต สาขาเทคโนโลยีเซราม๊ก ที่ภาควิชาวัสดุศาสตร์ จุฬาลงกรณ์มหา'วิทยาลัย 
เม่ือ พ.ค. 2540
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