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qH"’ Designation: C 1171 - 919

Standard Test Method for

Quantitatively Measuring the Effect of Thermal Cycling on

Refractories?

This standard 15 issued under the fixed designation C 1171; the number immediately following the designation indicates the year of
original adoption or, in the case of revisior the vear 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.

I Note—Editorial corrections were made in 7.6 and Table 1 in June 1992.

1. Scope

1.1 This test method is used for determining the strength
loss or reduction in continuity, or both, of prism-shaped
specimens which are cut from refractory brick or shapes and
subjected to thermal cycling.

1.2 The strength loss is measured by the difference in
modulus of rupture (MOR) between uncycled specimens and
the specimens subjected to thermal cycling.

1.3 The reduction in structural continuity is estimated by
the difference in sonic velocity before and after thermal
cycling.

1.4 The values stated in inch-pound units are to be
regarded as the standard. The values stated in parentheses are
for information only.

1.5 This standard does not pur~~ to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 133 Test Methods for Cold Crushing Strength and
Modulus of Rupture of Refractories?

C 607 Practice for Coking Large Shapes of Carbon-
Bearing Materials®

C 769 Test Method for Sonic Velocity in Manufactured
Carbon and Graphite Materials for Use in Obtaining an
Approximate Young’s Modulus®

E 4 Practices for Load Verification of Testing Machines®

E 691 Practice for Conducting an Interlaboratory Test
Program fo Determine the Precision of a Test Method*

3. Significance and Use

3.1 This test method indicates the ability of a refractory
product to withstand the stress generated by sudden changes
in temperature.

3.2 Because the recommended furnace temperature of
this cycling test is 1200°C (2190°F), this test method may not

! This test method is under the jurisdiction of ASTM Committee C-8 on
Refractories and is the direct responsibility of Subcommitiee C08.02 on Thermal
Stress Resistance.

Current edition approved Dec. 15, 1991, Published February 1992,

2 Annual Book of ASTM Stang Vol 15.01.

* Ammual Book of ASTM Stanc . Vol 03.01.

4 Anmal Book of ASTAM Stane
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indicate the ability of a refractory product to withstand
cycling at higher or lower temperatures, especially if the
existing morphology of the refractory product changes.

3.3 This test method is useful for research and develop-
ment, as well as for comparing refractory products. The
precision should be considered when using this test for
specification purposes.

3.4 Ruggedness tests found the following variables to be
rugged:

lemperature +5°C

hot spacing Y2 to ¥ in. (12.77 to 19 mm)
cold spacing /2 t0 % in, (12.77 to 19 mm)
center vs. end gripping of the bars

hot hold time 10 to 15 min

cold hold time 10 to 15 min

operator air speed 010 2 mi/h (0 to 3.2 km/h)
initially cold or heated samples
last in, first out (LIFO); or first in, first out (FIFO)
removal from the furnace
sawed or original surface as tensile face during MOR testing
bar thickness 0.96 1o 1.04 in. (24.5 to 26.4 mm)

4. Apparatus

4.1 Furnace, capable of maintaining 1200°C (2190°F)
with recovery rate of less than 5 min to temperature,

4.2 Abrasive Saw, to cut the test specimens.

4.3 Dryer, capable of operating at 105°C to 110°C (220°F
to 230°F).

4.4 Tongs or Fork, for handling hot specimens. :

4.5 Safety Equipment, such as gloves, face shiclds, and
tinted safety glasses.

4.6 Alumina Setter Brick, 90 %, placed 5 in. (127 mm)
apart in and outside the furnace.

4.7 Strength Testing Machine—Any form of standard
mechanical or hydraulic compression testing machine that
conforms to the requirements of Practices E 4 may be used.

4.8 Sonic Velocity Machine—Test apparatus® conforming
to Section 6 of Test Method C 769.

5. Sampling

5.1 The sampling shall consist of at least two bricks or
shapes, or test samples made from monolithic refractories.
At least ten test specimens shall be used. An equal number of
specimens shall be taken from each of the bricks or shapes.

* A commercially available instrument, such as a James V-Meter, Pundit, ar
cquivalent, is an acceptable test apparatus.
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5.2 Samples should be prefired to a temperature at least as
high as the test temperatures.

6. Test Specimens

6.1 Test specimens shall be 1 + Vs in. by | + Y42 in. by
approximately 6 in. (25 £ 0.8 by 25 + 0.8 by approximately
152 mm). Note in the report if other specimen sizes are used.
Specimens cut from brick shall have at least one original
brick surface. If cut shapes, the specimens shall be taken
parallel to the longest dimension. For irregular shapes, all
four long surfaces of the specimens may be cut faces. Note
this in the report.

6.2 Opposite faces of the specimen shall be approximately
parallel, and adjacent faces shall be approximately perpen-
dicular.

6.3 Measure the width and depth of the test specimen at
mid-span to the nearest 0.01 in. (0.3 mm).

6.4 Specimens should be visually crack- and flaw-free.

6.5 Dry specimens to constant weight at 105 to 110°C
(220 to 230°F).

6.6 Carbon-containing samples must be coked according
to Practice C 607 and must be wrapped in foil® during the
cycling procedure. See Fig. 1 for the wrapping technique.

7. Procedure

7.1 Measure the sonic velocity along the length of each
test specimen according to Test Method C 769 and divide
the specimens into two equal groups on the basis of similar
distributions of velocity measurements.

7.2 Determine the cold modulus of rupture (using Test
Methods C 133) on one group, using three point loading with
a 5-in. (127-mm) span and a loading rate of 175 Ibf/min (778
N/mm).

7.3 Preheat the test furnace to the test temperature of
1200 + 15°C (2190 + 25°F); preheating is usually done the
night prior to testing. Use of other test temperatures is
allowed and must be included as a deviation in the report.

7.4 Place the test specimens from the remaining group
into the furnace spanning the setter brick and allow them to
remain there for 10 to 15 min. Then, remove the specimens
from the furnace and allow them to col for 10 to 15 min
while spanning the setter brick in ambient air, This is
considered one full cycle. Keep the specimens %2 to ¥ in.
(12.77 to 19 mm) apart during each 10 to 15 min interval.
Repeat for a total of five full cycles. Cycle time in the furnace
starts after recovery.

7.5 Measure the sonic velocity (using Test Method C 769)
along the length of each cycled test specimen.

7.6 Determine the cold modulus of rupture (using Test
Methods C 133) of each cycled test specimen from the
second group, using three point loading with a 5-in. (127-
mm) span and a loading rate of 175 Ibf/min (778 N/mm) or
0.05 in./min (1.27 mm/min).

® Rao-Foil heat resistant foil (item number RA AMS 5592, 2d-in. (610-mm)
wide, 0.002-in. (0.05-mm) thick). available from Rolled Alloys, 125 West Sterns
Rd., Temperance, MI, has been found satisfactory for this purpose.
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* Squeeze here.

A Tuck here.

Tie with stalnless
steel or chromel-alume

thermocouple wire.

FIG. 1 Foil Wrapping for Prism Shock Test (Mot to Scale)

rd

——

8. Calculation

8.1 Calculate the percent sonic velocity loss of each
specimen as follows:

x 100
Vy
where:
Vo = original sonic velocity of each specimen, ft/s (m/s),
and
V¢ =sonic velocity of each specimen after testing, ft/s
(m/s).

8.2 Calculate the percent modulus of rupture strength loss
of each specimen as follows:

MM,
M,

x 100

where:

M, = average modulus of rupture strength of the
unshocked specimens from the first group after
testing, psi (MPa), and

M; = modulus of rupture strength of each specimen for

U Yo S @ee 4 4oy
i

second group afier testing, psi (MPa).

9. Report

9.1 Report the individual sonic velocity, modulus of
rupture, percent sonic velocity loss, and percent modulus of
rupture strength loss values, as well as the average percent
sonic velocity loss, the average percent modulus of rupture
loss, and the furnace temperature. Report the number of test
specimens included in any modulus of rupture calculation.
The report shall also list any deviations from standard test
requirements.

10. Precision and Bias

10.1 [Interlaboratory Test Data—An interlaboratory
round-robin test was conducted in 1988 among six laborato-
ries on three different types of refractory products. Each
laboratory tested two specimens from each of five samples of
each of three different types. Each laboratory determined
sonic velocity and modulus of rupture strength after cycling
to 1200°C. The components of variance from this study
expressed as standard deviation and relative standard devia-
tion are given in Table 1. Refer to Practice E 691 for
calculation of components of variance.

10.2 Precision—The results of the interlaboratory study
are shown in Table 1. The precision was found to vary based
on the type of material tested. A test result should be
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TABLE 1 Relalive Pragision

Mosfuheg o Fuprurn
. . Rugeatabdty Reproduchkiny
Brick Type KO Lost, % mn. mm . rrberval, Peroent Inta, Parcees
§ . of Avaraga al Avsrags
705 Alvming
Specimen 1 2068 5043 65,48 166,80 1Bz 5%
Spooimen I 1444 53,09 BE6.51 148.64 16623
8% Mg (I
Specimen 1 55,48 ELR) .06 Fa07 B2 21
S PR 2 E5. 52 1982 218 5578 G210
Mg —
Epne_hnm i 2180 46.10 oE.82 129.08 271 0
Bpeamer 2 31,40 oMM &M 208,07 23242
[y ——
= Repeatabdiy R
I A - =
' . of Average ol Awumge
0% Alvmine
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Spocimen 2 13,78 REE x.ar af.63 £ 5
D0F Mg D
Spcimen 42,41 14,15 19,14 J4.61 5353
Specimen 2 44,18 ran nLas 32.35 3878
Mg —
Sipcimen 1 2354 HI0E TH00 17.04 P20
B ppeeieivers 3 23,75 20,63 4,76 108,33 265 X3
considered significantly different at a confidence level of  ~~Ference method.
95 % :chh_s repeatability or reproducibility, or both, exceeds
the precision data listed in Table 1. 11. Keywords
10.3 Biay—Mo justifiable siatement of bizs is possible 11,1 modulus of rupmure; refractories; sonic velocity;

since true vamables cannot be established by an acceptable  thermal ovcling
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GIH"’ Designation: C 373 — 88 (Reapproved 1999)

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 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

ipt epsilon (e) indi

1. Scope

1.1 This test method covers procedures for determining
water absorption, bulk density, apparent porosity, and apparent
specific gravity of fired unglazed whiteware 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-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Significance and Use

2.1 Mcasurcment 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 lg
3.2( Ovenj capable of maintaining a temperature of 150 *
5°C (302 =

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 part of the container.

3.5 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 corners shall be removed. The specimens shall contain

! This test method is under the jurisdiction of ASTM Committee C-21 on
Ceramic Whi and Related Prod anduﬂled‘macllmponsmllltyof
Subcommittee C21.03 on Test Methods for W

Current edition approved Sept. 30, 1988. Published Nnmbu' 1988, Originally
published as C 373 - 55 T. Last previous edition C 373 — 88 (1994).

Copyright & ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2958, United States.

an editorial change since the last revision or reapproval.

no cracks. The individual test specimens shall weigh at least 50
g

—

5. Procedure

5.1 Dry the test specimens to constant mass (Note 1) by
heating in an oven at 150°C (302°F), followed by cooling in a
desiccator. Determine the dry mass, D, to the nearest 0.01 g.

Note |—The drying of the specimens to comstant mass and the
determination of their masses may be done either before or after the
specimens have been impregnated with water, Usually the dry mass is
determined before impregnation. However, if the specimens are friable or
evidence indicates that particles have broken loose during the impregna-
tion, the specimens shall be dried and weighed afier the ded 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 appropriatc
calculations.

5.2 Place the specimens in a pan of distilled water and boil

(Tor 5 h,jtaking care that the specimens are covered with water
Sl times. Usé Satter 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 soak for
an additional 24 h.

impregnation of the test specimens, determine to
lhe nearest 0.01 g the mass, S, 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 after
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, M, 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 pressed only enough to remove such water as
will drip from the cloth. Excessive blotting will introduce error
by 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
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caused by evaporation of water from the specimen.

6. Calculation
6.1 In the following calculations, the assumption is made
that | cm® of water weighs | g. This is true within about 3 parts
in 1000 for water at room temperature.
6.1.1 Calculate the exterior volume, ¥, in cubic centimetres,
as follows:
F=M-5 ()
6.1.2 Calculate the volumes of open pores Vp and imper-
vious portions Vjp in cubic centimetres as follows:
Vee=M—D @)
Vp=D-§ 3)
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 =[(M~— D)/V] X 100 4)
6.1.4 The water absorption, 4, 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 = [(M— D)/D] x 100 (5)
ey -3 . _f

1., ate the nppmcm hl.ﬂ-l.lli.. yuvlqr, .r, Q.
portion of the test specimen that is impervious to water, as

The American Sociely for Testing and takes no p

T=DID - 5) ©)

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 density as
follows:

B=DIV (M

7. 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 absorption
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 mea-
surements made by a single experienced operator.

9. Keywords

9.1 apparent porosity; apparent specific gravity; bulk den-
sity; fired whiteware products; water absorption
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Composition Cordierite A-16 Mullite M50

(%) (%)

SiO, 47.50 48.06

ALO, 33.80 50.14
Fe,O, 1.48 0.48
TiO, 0.62 0.28
CaO 0.38 0.11
MgO 13.90 0.14
K,0 1.02 0.27
Na,O 0.34 0.17
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