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U.S. CUSTOMS AND BORDER PROTECTION

LABORATORY METHODS
CBPL Method 69-09

Guidelines for Thermal Testing of Refractory Products

SAFETY STATEMENT

This CBPL Method cannot fully address safety issues that may arise from its use.  The analyst is responsible for assessing potential safety issues associated with a given method at its point of use.

 Before using this method, the analyst will consider all general laboratory safety precautions.  In particular, the analyst will identify and implement suitable health and safety measures and will comply with all pertinent regulations.
METHOD UNCERTAINTY

The uncertainty of measurement for this method is specific to each laboratory.

0.

SCOPE AND FIELD OF




APPLICATION

Chapter 69 of the Harmonized Tariff Schedule of the United States (HTSUS) provides for ceramic products.  According to Note 1 to Chapter 69, only ceramic articles fired after shaping can be classified in this chapter.  Further, Additional U.S. Note 2 to Chapter 69 states, in part, that “ . . . the term refractory is applied to articles that have a pyrometric cone equivalent of at least 1500 °C when heated at 60 °C per hour (pyrometric cone 18).  Refractory articles have special properties of strength and resistance to thermal shock . . . ” This method is designed to determine whether articles and certain materials claimed to be refractory can meet the production criteria and thermal testing requirements specified in these Notes.

1.

INTRODUCTION

1.1

This method may also be useful in the analysis of certain products usually in powder or granular form (e.g., refractory mortars, concretes, ramming mixes, etc.) that are provided for in other HTSUS Chapters (e.g., 38).  Some of there products may be pastes or other semi-solid forms.

1.2

Much of the background for this method is found in ASTM methods C 24 (2.1), C 113 (2.3), and C 436 (2.4).  Methods for testing products of other HTSUS Chapters (e.g., 38) are found in 2.1, ASTM C 862 (2.5), ASTM C 975 (2.6), and ISO 528 (2.9).
2.

REFERENCES

2.1

ASTM C 24.  “Standard Test Method for Pyrometric Cone Equivalent of Refractory Materials.”

2.2

ASTM C 71.  “Standard Definitions of Terms Relating to Refractories.”

2.3

ASTM C 113.  “Standard Test Method for Reheat Change of Refractory Brick."

2.4

ASTM C 436.  “Standard Test Method for Reheat Change of Carbon Refractory Brick and Shapes” (discontinued).

2.5

ASTM C 862.  "Standard Practice for Preparing Refractory Concrete Specimens by Casting."

2.6

ASTM C 975.  “Standard Practice for Preparing Test Specimens from Basic Refractory Ramming Products by Pressing.”

2.7

"Effect of Heating Rate, Hold Time and Kiln Atmosphere," and other documents available at http://www.ortonceramic.com/.

2.8

Fronk, D.A. and Schorr, J. R.  "Use of Pyrometric Products for ISO Management," Interceram.  Vol. 43.  P. 106.  1994.

2.9

ISO 528.  “Determination of Pyrometric Cone Equivalent (Refractoriness).”

3.

APPARATUS AND MATERIALS
3.1

Programmable high temperature laboratory furnace, with large chamber, capable of operation to 1700 °C.  If available, a hole into the chamber can be used for purging it with an inert gas.  Furnace chamber dimensions of at least 25 x 23 x 30 cm HWD are recommended in order to accommodate the various tests in this method.  Its floor should be covered with a plate of refractory material, 12 mm to 20 mm thick, to prevent damage to the furnace lining from samples that melted.

3.2

Items for purging the furnace chamber with inert gas: alumina tubing, pipefittings, argon, and flow meter.  (Optional)

3.3

Crucibles and dishes, of various sizes, made from refractory no less than 10 mm thick.

3.4

Natural flake graphite, −20 mesh, carbon content >90%, for use as an oxygen scavenger.

3.5

Pyrometric cones 17, 18, and 19.  These are available in different sizes and shapes.  Either the large or the self-standing cones from Orton
 should be used.  The Orton self-standing cones are especially convenient to use.  The temperature equivalent of the self-standing cone 18 is, however, 1502 °C, while that of the large cone is the statutory 1500 °C.  In most instances, this difference will not be significant.

3.6

Dishes and crucibles to hold samples should be made from a refractory material capable of withstanding temperatures (in air) in excess of 1500 °C.  An alumina-based refractory should be satisfactory for most applications.  Refractory ware with relatively thick walls (ca. 10 mm) can minimize sample leakage caused by fluxing reactions, etc.  Their size should be about 65 mm inside diameter and from 40 to 80 mm high.  If a furnace with the recommended chamber dimensions is not available, these sizes may be proportionally smaller.

3.7

If testing of refractory materials containing carbon is contemplated, a crucible should be obtained adequate for holding the sample covered by flake graphite.  For a furnace with the recommended chamber dimensions, it should have an inside diameter of at least 135 mm and a height of 170 mm.  A cover for it can be an additional piece of the same material used to protect the furnace floor.

4.

SAMPLING AND SAMPLES

4.1

Materials Other Than Carbon:  Test samples should be of a size that can readily fit in the dishes or crucibles mentioned above.  No dimension should be greater than ca. 50 to 75 mm.  Dimensions and weights should be noted so potential changes can be quantified.  Most refractory articles can be readily broken to an appropriate size with a hammer, although a better test specimen can usually be obtained by using an abrasive saw with a diamond blade.  Eye protection and a dust mask should always be worn during sample preparation work of this type.

4.2

Materials Containing Carbon

4.2.1
In order to test refractories containing carbon, air must be kept away from the sample during the heating cycle.  This is best done, following 2.4, by covering it with graphite flake.  As a safety measure, the furnace chamber should be purged with an inert gas such as argon.  The simplest way is through a hole into the furnace chamber with tubing made of alumina.  A gas flow meter can be attached to the tubing with conventional metal tubing fittings that use ferrules made from a soft material such as graphite.  An argon flow rate between 50 and 100 ml/minute should be sufficient.

4.2.2
Refractories containing carbon are tested in the large crucibles described above. A layer of −20 mesh natural flake graphite (with a carbon content >90%) at least 25 mm deep should be placed in the bottom of the crucible.  The test specimens should then be arranged so they do not touch each other and can be surrounded by at least 25 mm of the graphite flake.  If several samples are to be tested, they may be arranged in two or three layers within the crucible.  The last layer of specimens should be at least 25 mm below the top of the crucible.  Sufficient graphite flake is then added to completely fill the crucible, which is then covered with its lid.  The covered crucible is then placed in the center of the furnace and the door is closed.  Argon gas can then be introduced into the furnace chamber.

4.3

Powder and Granular Products:  Products in these forms need to be formed into objects that must then be cured and dried before they can be subjected to the thermal test.  A portion of the sample is mixed with sufficient water to form a stiff, dough-like mass.  This formed into a simple shape should suffice for an initial test.  It should be air-dried for about a day followed by an equivalent time at 110 °C.  More complete sample preparation guidelines can be found, for example, in 2.1, 2.5, or 2.6.  The test specimens should be made small enough so breaking them further is not necessary.

5.

PROCEDURE
5.1

The temperature programmer on the furnace should be set to heat to 1500 °C at the statutory rate of 60 °C per hour (1 °C per minute) for the last 100 to 120 °C of the heating cycle.  See 3.5 on the use of pyrometric cones.  By using cones 17, 18, and 19 in the furnace during the heating cycle, it is possible to determine whether the furnace settings are correct.

5.2

This heating schedule is significantly different from those in standard methods such as 2.1 or 2.3.  It is strongly advised that the furnace door is kept closed for the entire test cycle, or at least until the chamber temperature has dropped to no more than 400 to 600 °C.  This will minimize possible damage to the (very expensive) ceramic heating elements usually used in high temperature laboratory furnaces.

6.

RESULTS

6.1

After the samples have gone through the heating cycle and cooled to ambient temperature, they should be carefully examined.  Any specimen that can be seen to have significantly changed cannot be considered a refractory according to Additional U.S. Note 2 to Chapter 69 of the HTSUS.  Changes in color without any dimensional change can be ignored.  In the event of an inconclusive result, a portion of the original sample should be formed into test cones following 2.1.  However, these test cones should be the same size as the reference pyrometric cones (see 2.9, section 6.2
).  The test and reference cones are then subjected to the same heating cycle (see 5.1).

6.2

In addition, a weight loss of greater than about 5 percent for any sample that contains carbon might be cause for denying a claim for it being a refractory.  Carbon refractories (usually in the form of graphite) should be able to withstand the thermal stresses of this method if air is excluded during the course of the test.

END

�  Pyrometric cones can be obtained from the Orton Ceramic Foundation, 6991 Old 3C Highway, Westerville, OH  43082-9026 [P.O. Box 2760, Westerville, OH  43086-2760].


Phone:  614.  895.2663.  Fax:  614-895-5610.


ULR:  � HYPERLINK "http://www.ortonceramic.com/" ��http://www.ortonceramic.com/�


Cones also can be obtained from many ceramic and laboratory supply houses.


�  ISO 528, section 6.2 states:  “Each test piece shall have a shape geometrically similar to that of the pyrometric reference cones being used.  Each test piece shall have a height not less than 100% and not more than 120% of the height of the reference cones being used.





