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‘ JAPANESE INDUSTRIAL STANDARD JIS

Testing methods for adaptation assessment R 1615-1993
of high performance ceramics
under high temperature and high pressure

1. Scope This Japanese Industrial Standard specifies the testing methods of
cavitation erosion, jet erosion, dipping elution, and thermal shock for adaptation
assessment of high performance ceramics used in high temperature and high pres-
sure water or water vapor.

Remarks: The following standards are cited in this Standard.
JIS B 0601 Definitions and designation of surface roughness
JIS B 7502 Micrometer callipers for external measurement
. JIS B 7507 Vernier, dial and digital callipers
JIS C 1602 Thermocouples

JIS C 2141 Testing methods of ceramic insulators for electrical
and electronic applications

JIS R 2205 Testing method for apparent porosity, water absorp-
tion specific gravity of refractory bricks

JIS Z 2343 Methods for liquid penetrant testing and classifica-
tion of the indication

JIS Z 8401 Rules for rounding off of numerical values
2. Definitions The main terms used in this Standard shall be as follows.

(1) cavitation In fluid apparatus treating liquid such as high pressure water or
the like, a part wherein pressure is temporarily decreased is generated in the
liquid according to variation in flow rate by scaling up and down of a channel

‘ section. Cavitation is a phenomenon wherein when pressure is decreased to
saturated vapour pressure at the liquid temperature, bubbles are generated
in the liquid in a pressure lowered area, and the bubbles collapse in the pres-
sure recovered area on its downstream side.

(2) cavitation erosion Cavitation erosion is damage in which a structural mem-
ber coming in contact with liquid receives by cavitation shock wave or the
like by collapse of the bubble.

(8) jet erosion Jet erosion is damage to be generated on the surface when
water, water vapor or their mixture of high pressure and high temperature
collides against the surface of a material.

(4) autoclave Autoclave is a pressure container for performing chemical reac-
tion or the like under high temperature and high pressure.
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(5) dipping elution test Dipping elution test is a test wherein a sample is
dipped into liquid to elute a portion of the sample, and variation in mass or
the like of the sample before and after dipping is measured.

(6) thermal shock Thermal shock is a phenomenon wherein intense variation in
temperature is generated in a material by rapid heating or cooling, and shock-
ing thermal stress is generated.

(7) thermal shock temperature difference Thermal shock temperature difference
is a difference between temperature of a material and ambient temperature
when the material receives thermal shock.

(8) crack initiation temperature difference AT; A thermal shock temperature
difference to a certain crack initiation probability.

(9) critical temperature difference AT, A maximum temperature difference
which a material can withstand from a standpoint of probability when ther-
mal shock is applied to it.

3. Classification of testing methods The classification of testing methods shall
be as follows.

(1) Cavitation erosion test
(2) Jet erosion test

(8) Dipping elution test
(4) Thermal shock test

4. Testing methods

4.1 Cavitation erosion test

4.1.1 Summary of testing method This Standard specifies a testing method for
assessment of durability against cavitation corrosion of high performance ceramics. ‘

4.1.2 Testing apparatus and devices The testing apparatus and devices shall be
as follows.

(1) Testing apparatus A magnetostrictive vibration testing apparatus is used
for the test. The direct type magnetostrictive vibration testing apparatus or
the opposed type magnetostrictive vibration testing apparatus exemplified in
Figs. 1 and 2 shall be used.
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Fig. 1. Example of direct type magnetostrictive
vibration testing apparatus
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Fig. 2. Example of opposed type magnetostrictive
vibration testing apparatus
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(2) Measuring devices

(a) Vernier callipers The vernier callipers of 0.05 mm minimum scale read-
ing specified in JIS B 7507 or that at least equal thereto in precision
shall be used. ‘

(b) Micrometer callipers The micrometer callipers for external measure-
ment specified in JIS B 7502 or that at least equal thereto in precision
shall be used.

(c) Oven The electric thermostat which can keep temperature at 105°C to
. 120°C shall be used.
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(d) Chemical balance The chemical balance of 100 g to 200 g maximum
weighing capacity of which sensitivity is 0.1 mg or that at least equal
thereto in precision shall be used.

4,1,3 Test piece The test piece shall be as follows.

(1) Shape and dimensions of test piece The test piece shall be cut out from a
product or is prepared separately. When separately prepared, the test piece
shall be able to represent the product and shall be prepared under the same
conditions as the product.

The shape and dimensions of the test piece shall be, as a rule, of a disk
form as given in Fig. 3, and the upper surface or the lower surface shall be
taken as the evaluation surface.

Further, the edge line of the test piece shall be rounded or chamfered
(0.1 mm to 0.3 mm).

Fig. 3. Example of test piece

Unit: mm
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(2) Surface roughness of test piece The surface roughness of the test piece shall
be, as a rule, 0.2 a or under as specified in JIS B 0601.

(3) Number of test pieces The number of test pieces shall be two or more pieces.

4.1.4 Testing method The testing method shall be as follows.

(1) Testing conditions The testing conditions shall be set in accordance with ‘
Table 1 or 2.
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Table 2. Opposed type magnetostrictive

vibration testing method

Items

Conditions

Items

Conditions

Transducer

Magnetostrictive type

Transducer

Magnetostrictive type

Number of vibrations

20+ 0.2 kHz

Number of vibrations

20+ 0.2 kHz

Testing liquid

Demineralized water

Amplitude Total amplitude Amplitude Total amplitude
0.05 mm 0.03 mm
Testing Container Liquid quantity A gap of test piece A gap between the test
conditions 600 ml or over piece and the tip of the
transducer 0.4 mm
Depth of 40 mm or over
liquid Testing Container Liquid quantity
conditions 600 ml or over
Dipping depth| 3 mm to 10 mm
Depth of 40 mm or over
liquid

Dipping depth

3 mm to 10 mm

Temperature | 20+1°C
of liquid

Testing liquid | Demineralized water
Pressure Atmospheric pressure

Temperature | 20+ 1°C
Testing time | 5 h of liquid
Pressure Atmospheric pressure

Testing time

20 h

(2) Measurement of dimensions of test piece Dimensions of a test piece shall be
preliminarily measured by using a pair of micrometer callipers or a vernier
calliper.

(83) Measurement of mass of test piece The mass of a test piece shall be

measured according to the following order in accordance with the method
specified in JIS C 2141 before and after the test.

(a) Wash the test piece by dewaxing with acetone.

(b) Dry the test piece in the thermostat regulated at 110+ 5°C for 1 h
before and after the test, and put it into a desiccator. After allowing it
to cool to room temperature, measure the dry mass of the test piece by

using a balance.

(4) Measurement of bulk density of test piece The bulk density of a test piece
shall be obtained by using the volume and mass of the test piece, or the bulk
density of the test piece shall be measured according to the following order in
accordance with the method specified in JIS R 2205.

(a) Measure the mass in water of a test piece saturated with water and the
mass of the test piece saturated with water.

(b) Obtain the bulk density according to the following formula.

Remarks: The test piece saturated with water is obtained by a method
wherein the test piece is sunk below the water surface of a
boiling tank after weighing its dry weight, then boiled for

3 h or longer and cooled to room temperature.
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P = mxpw

where, p1 ¢ bulk density (g/cm?)
M, : dry mass (g)

M, : mass in water of test piece saturated with water
(g)

M; : mass of test piece saturated with water (g)

Pw : density of water (g/cm?)

(5) Fitting method of test piece The test piece shall be fitted by adhesion or the
like, and shall be made not to fall off during the test.

4.1.5 Calculation Calculate damage mass loss and damage volume loss accord-
ing to the following formula, and obtain them to three significant figures in accord- ‘

ance with JIS Z 8401.

(1) Calculation of damage mass loss

M=M0—M'

where, M : damage mass loss (mg)
M, : mass of test piece before test (mg)

M’ . mass of test piece after test (mg)

(2) Calculation of damage volume loss

M
o ®
where, V : damage volume loss (mm?)

M : damage mass loss (mg)

p1 : bulk density of test piece before test (g/cm3)

4,1.6 Report The results of a cavitation erosion test shall be reported on respec-
tive items of (1) to (6).

Further, (7) to (10) are reported, if necessary.

(1) Testing apparatus

(2) Testing conditions When any items different from the items as given in
Table 1 or 2 exist as the testing conditions, indicate it with its reason.

(3) The material, shape, dimensions, surface roughness and bulk density of a test

piece I
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