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Standard Practice for
Fabricating Ceramic Reference Specimens Containing
Seeded Voids *

This standard is issued under the fixed designation C 1212; 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.

1. Scope 4. Significance and Use

1.1 This practice describes procedures for fabricating both 4.1 This practice describes a method of fabricating known
green and sintered test bars of silicon carbide and siliconliscontinuities in a ceramic specimen. Such specimens are
nitride containing both internal and surface voids at prescribedeeded and used in nondestructive examination to demonstrate

locations. sensitivity and resolution and to assist in establishing proper
1.2 The values stated in Sl units are to be regarded as thexamination parameters.
standard.

1.3 This standard does not purport to address all of the®: APparatus
safety concerns, if any, associated with its use. It is the 5.1 Aeroduster moisture-free.
responsibility of the user of this standard to establish appro- 5.2 Die, capable of exerting a pressure of up to 120 MPa,
priate safety and health practices and determine the applicathat will not contaminate the compacted material.

bility of regulatory limitations prior to use. 5.3 Optical Magnifier capable of providing 10 to 30X
magnification.
2. Referenced Documents 5.4 Tubing latex, thin-wall, capable of withstanding iso-
2.1 ASTM Standards: press.

B 311 Test Method for Density Determination for Powder 5.5 Carver Pressor similiar type of appartus capable of
Metallurgy (P/M) Materials Containing Less than Two exerting the necessary pressure to consolidate the sample.
Percent Porosify 5.6 Cold Isostatic Presscapable of maintaining 500 MPa.

C 373 Test Method for Water Absorption, Bulk Density, 5.7 Vacuum Oven or Furnacehich can maintain a tem-
Apparent Porosity, and Apparent Specific Gravity of Firedperature of 525°C.

Whiteware Products 5.8 Imaging Equipmentvith the capability of producing a
) hard copy output of the image (that is, 35mm camera, CCD

3. Terminology camera outputted to a video printer, a stereo microscope with 4

3.1 Definitions of Terms Specific to This Standard: X 5 instamatic film, etc.).

3.1.1 green specimen-a ceramic specimen formed as origi- 5.9 Sintering Furnacesapable of reaching temperatures of
nally compacted prior to high-temperature densification. 1400-2200°C. Depending on the ceramic system chosen, the

3.1.2 internal void—a cavity in a specimen with no connec- furnace may be required to operate in a vacuum and/or under
tion to the external surface. inert gas atmospheres at pressures as high as 200 MPa.

3.1.3 seeded voids-intentionally placed discontinuities at  5.10 Commercial or similar device capable of measuring
prescribed locations in reference specimens. within .01 mg. Measuring densities according to Archimedes

3.1.4 sintered specimenformed ceramic specimen after principle requires the use of a sample holder suspended in
firing to densify and remove solvents or binders. water attached to the scale.

3.1.5 surface voig—a pit or cavity connected to the external )
surface of a specimen. 6. Materials

6.1 Silicon Carbide or Silicon Nitride Powder®f appro-
priate purity and particle size, prepared with sintering aids and

Th!s practlc_:e is unfjerthejurlsdl_ctllpn of ASTM Corr_1m|ttee C-28 on Advgnced 5)|nder representative of the product to be mspected and in a

Ceramics and is the direct responsibility of Subcommittee C28.02 on Design an . K R .
Evaluation. manner appropriate for dry pressing with granule size less than
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6.2 Styrene Divinyl Benzene Spherasith diameters as 7.2.1.2 Sinter green samples under suitable conditions to
necessary. Other material with low vaporization temperatureachieve full densification. Nominal sintering conditions for
may be substituted, but pressing characteristics and final voisilicon nitride are 1700-1900°C1fd h in aninert atmosphere

sizes may be different. at 0-200 MPa; for silicon carbide, sintering temperatures of
2000-2200°C for 0.5 h under vacuum are commonly used. The

7. Fabrication of Surface Voids sintering aids used will dictate the firing conditions. Measure
7.1 Green Specimens the bulk density using either Test Method B 311 or Test

7.1.1 The test piece geometry must be appropriate for thM&thod C 373 or from volume and weight measurements.

size and geometry limits of the NDE test method. If the -2-2 Void MeasuremertSee 7.1.3. .
purpose of the test is to determine if the NDE method is 7.3 Surface Void Characteristics (for Both Green and Sin-

suitable for the detection of voids in a particular part/sample,tered Specimens) . .
7.3.1 Surface voids produced by this procedure are not

ideally the test sample should be identitcal to the part/sample. heroidal in sh he final di . ‘ i fh
If this is not feasible due to fabrication or testing limitations, SPheroidal in shape. The final dimensions are a function of the

the test sample should be similar to the part/sample in chemic§PMPressibility of the seeded spheres and the compressibility

composition, density, and thickness (the thickness of the teﬁnd sintering characteristics of the powders that comprise the

sample should be the same as the thickness in the area of t dik mate.r_ial. .
part/sample being examined. 7.3.2 Silicon Nitride Test Bars-Made from 100-mesh pow-

der containing yttria and silica sintering additives: The lateral

7.1.2 Procedure ‘ di : f void ler than 100 i
7.1.2.1 Prepare the test specimen bars by pouring ceramj%r;ce |rtnerlf]|onstho (;’.O' stsmaf Etzrr] an ded H{m are dL!p' OI
powder into a die in an amount sufficient to make a specime o greater than the diameter of the seeded styrene diviny
%enzene spheres. Surface dimensions of larger voids are

ﬁgr:;ﬁa?gifsdurtehlg:‘( ré%sapléevel the surface and press at approximately equal to the seeded sphere diameter. The depth-

7.1.2.2 Remove the ram to expose the specimen. Clean trgg-width ratio increases from 0.6 to 0.8 as the seeded sphere
P : size increases from 50 to 115 pym.

specimen of all particles that are not flush with the top surface; 7 3.3 Silicon Carbide Test BarsMade from 100-mesh

ghlﬁtg?n generally be performed with a moisture-free aeroEalpha silicon carbide powder; in green specimens, the lateral

surface void dimensions are approximately 25 % greater than

7.1.2.3 Place large spheres in the desired location on tht% : - L
: : e diameter of seeded divinyl benzene spheres, while in
specimen surface. Small microspheres may be moved to the

. ! 0
desired position with a single human hair taped to a stiff plasti sintered specimens they are approximately 10 % greater. The

C . .. . :
rod, using the assistance of an optical magnifier, d_epth-to-W|dth ratio is approximately 0.4 in both green and
intered specimens.

7.1.24 Press the spheres into the surface at a SUitab?67.3.4 Compaction and burn-off usually cause powder par-
pressure to obtain the desired strength for handling of the 9"€GRles to accumulate in the craters of green samples. If these are

compact (typically 120 MPa). . L .
7.1.2.5 Remove the bar from the die and clear the surfacg%Ot removed prior to sintering (7.1.2.8) they wil fuse to the

of extraneous particles. An aeroduster or brush should bea”s' resuilting in an irregular void with less volume.
adequate.
7.1.2.6 Place the specimen in a thin-wall latex tube an )
evacuate the air. Seal the tube end. Cold isopress at a pressuré-1 Green Specimens
suitable for a specific material (nominally 210-420 MPa). 8.1.1 Procedure _ ,
7.1.2.7 Remove the specimen from the tubing and heat it in 8-1-1.1 Prepare the test specimen bars by pouring powder
a vacuum to decompose the spheres (525°C for 45 min fdpto_a dle_ in an amount sufﬁuent to position the v0|d§ at the
styrene divinyl benzene). desired distance from the specimen sgrfaces. If the voids to be
7.1.2.8 Mark the specimen orientation with a scribe mark oS€€ded are smaller than 200 pm in diameter, level the surface
by beveling a corner or edge. Remove extraneous particle%nd press at 60 MPa to fguhtate. positioning of the spheres.
from all surfaces with an aeroduster or brush. Light sanding "€SSing is not necessary if the diameter is greater.
may be necessary, for adherent particles. 8.1.1.2 To position spheres, follow 7.1.2.2 or 7.1.2.3, or
7.1.3 Void MeasurementMeasure the lateral dimensions both.
in two orthogonal directions. The depth can be measured by Nore 1—If voids smaller than 100 pm are being seeded, it is advisable
focusing a microscope alternately on the specimen surface analinsert discrete spheres at least 250 um in diameter in selected locations
on the bottom of the crater and noting the difference in the© provide markers detectable with X rays.

vertical position of the tube. Use a magnification suitable for 8.1.1.3 Press the microspheres into the surface at a pressure

(53. Fabrication of Internal Voids

measuring depth within 2 um. of 60 MPa to hold them in position.
7.1.4 Measure the bulk density of the specimen from direct 8.1.1.4 Record the positions of the spheres photographically
volume and weight measurements. with the use of imaging equipment or other suitable means.
7.2 Sintered Specimens 8.1.1.5 Add ceramic powder in an amount sufficient to
7.2.1 Procedure separate the adjacent layers of the voids. If this is the final layer
7.2.1.1 Follow the steps given in 7.1.2 to produce greerof powder, press to provide handling strength to the green
specimens. compact (nominally 120 MPa); other\NiB@w Firfetapnd
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