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A. INTRODUCTION

In an echo to Lord Kelvin, who said, "When you cannot measure what you are speaking about or
cannot express it in numbers, your knowledge is of a meager or unsatisfactory kind," much effort has
been expended in developing tests to measure the corrosion resistance of refractories under slagging
conditions and of structural ceramics under hot gas corrosion and oxidation at high temperatures,
especially for non-oxide materials. Numerous methods have been tried and some reasonable
correlations have been obtained for very specific conditions, but very few methods have reached the
status of standard operating practices and none have yet been accepted for universal use.

The main reason is that corrosion resistance data obtained in a laboratory environment very rarely
simulate the conditions that prevail in service: sample size and geometry, state of stresses in the
lining, thermal gradient and thermal cycling, as well as time, which are very difficult to be scaled
down to fit with acceptable laboratory test conditions. It must always be remembered that accelerated
tests, specially those done using very severe conditions, can lead to erroneous predictions.

Compared with laboratory testing, field-trial testing is, of course, much more costly, and, in some
instances, unsafe. It may then be worthwhile to test small panels rather than to carry out full-size
testing; the larger the installation the more confidence one will have in the selection of the proper
material to use.

Postmortem examination of in-service trials also provides very useful insights to understand and
determine the controlling mechanisms in the degradation of ceramics. Detailed investigations
include the use of a wide variety of characterization methods, including chemical analysis, X-ray
diffraction, mineralogical analysis, and scanning electron microscopy (SEM)/energy dispersive
spectroscopy. Selecting samples and carrying out sample preparation are often very challenging.
Observations of the uncorroded part often yield clues as to what may have happened in the corroded
part.

Crescent and Rigaud [1] reviewed and classified some 106 different experimental setups, all
falling into one of 12 categories, as shown schematically in Figure 1. Among the nonstandard tests,
the most commonly used are the crucible test, the rotary disk and the finger test.

The Refractory Committee, C8, of the American Society for Testing and Materials (ASTM) [2]
has defined two standard practices dealing with slags (C-768 and C-874); two others are designed to
measure corrosion resistance of refractories to molten glass, one under isothermal conditions
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FIGURE 1. Different approaches to corrosion testing in slags. (From [I]. Reprinted with permission from the
Canadian Institute of Mining, Metallurgy and Petroleum.)
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(method C-621), the other standard practice using a basin furnace to maintain a thermal gradient
through the refractory. These methods could be applicable to other liquids as well. In addition, there
are other ASTM methods dealing with the disintegration of certain refractories in carbon monoxide
(C-288), by alkali for carbon refractories (C-454), by alkali vapor for glass-furnace refractories
(C-863). Only the three standard practices, C-768, C-874, and C-863, will be described here.

B. DRIP SLAG TESTING (ASTM C-768)

The standard practice on drip slag testing covers the determination of the relative resistance of
various refractory brick (and structural ceramics) to the action of molten slag dripped continuously
onto test specimens within a heated furnace. Test samples are mounted into the wall of the furnace
with their top surface sloping down at a 3° angle. Rods of slag are placed through a hole in the
furnace wall so that the melting slag drips onto the specimens. Slag is fed continuously to maintain
consistent melting and dripping. The bottom of the furnace should be constructed to provide a base
for the specimen supports and a sand pit to receive the spent slag. The testing temperatures can be
adjusted to the conditions, as can the duration of the test (from 5 to 8 h; and from 300 to 800 g of slag
are the usual ranges considered). The amount of corrosion is determined by measuring the amount of
modeling clay or fine sand required to fill the corroded cavity. In addition, the depth of penetration of
slag into the refractory may be determined by cutting the sample in half, perpendicular to the slag cut
where it is deepest. Since the entire specimen is at the test temperature, penetration of the slag into
the specimen is promoted and may exceed that observed under thermal gradients that often exist in
refractory applications. Oxidation of carbon-containing materials or of oxidation-prone structural
ceramics may occur during such a test since the entire sample is not covered by slag and since the
furnace atmosphere is air.

C. ROTARY-KILN SLAG TESTING (ASTM C-874)

The standard practice for rotary-kiln slag testing is used to evaluate the relative resistance of
refractory materials against slag erosion. The furnace is a short kiln, a cylindrical steel shell mounted
on rollers and motor driven with adjustable rotation speed and tilt angle, heated with a gas-oxygen
torch capable of heating up to 175O0C (31820F), if needed. The kiln is lined internally with the test
specimens. Normally, six test specimens, 228 mm long, and two plugs to fill the ends of the shell
constitute a test lining. In principle, the furnace is tilted at a 3° angle and rotated at 2 to 3 rpm. An
initial amount of slag is first fed into the kiln, which coats the lining and provides a starting bath.
Extra amounts of slag are then added at regular intervals of time at a rate of ~ 1 kg/h, for at least 5 h.
The test atmosphere is usually oxidizing, but neutral conditions may be obtained by using a reducing
flame or by adding carbon black to the slag mixture. The tilt angle is adjusted axially toward the
burner end so that the molten slag washes the lining and drips regularly from the lower end after each
addition of new slag at the higher end of the kiln. One method of assessing erosion is to measure the
profile of the refractory thickness along a surface cut in the middle of the exposed surface of the
specimen and measure the eroded area using a planimeter. Results can be reported as percent area
eroded from the original specimen area. It is to be noted that, for this practice, the thermal gradient
through the test specimen is controlled by the thermal conductivity of the specimen and the back up
material used at the cold face of the lining. The slag is constantly renewed so that a high rate of
corrosion is maintained. The flow of slag can cause mechanical erosion of materials. Care must be
taken to prevent oxidation of carbon-containing refractories and oxidation-prone structural ceramics
during heat up. A reference refractory specimen should be used for comparison in each consecutive
test run. Caution should be exercised in interpreting results when materials of vastly different types
are included in a single experiment. A full discussion on the advantages and shortcomings of the
method has been published [I].



D. OXIDATION RESISTANCE AT ELEVATED TEMPERATURES (ASTM C-863)

ASTM Standard Practice C-863 covers the evaluation of the oxidation resistance of silicon carbide
refractories in an atmosphere of steam. The steam is used to accelerate the test. Oxidation resistance
is the ability of SiC to resist conversion to SiO2. The volume changes of cubes (64 mm side) are
evaluated at a minimun of three temperatures between 800 and 120O0C (1472 and 21920F). The
duration of the test at each temperature is normally 500 h. In addition to the average volume change
(based upon the original volume), weight, density, and linear changes are also reported as supple-
mentary information.

More information on corrosion testing of ceramics can be found in McCauley [3] and ASTM
Volumes 2.05, 2.06, 4.01, and 15.02 [2].
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