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This edition of NFPA 259, Standard Test Method for Potential Heat of Building Materials, was
prepared by the Technical Committee on Fire Tests and acted on by the National Fire Pro-
tection Association, Inc., at its Fall Meeting held November 17-19, 1997, in Kansas City, MO.
It was issued by the Standards Council on January 16, 1998, with an effective date of February
6, 1998, and supersedes all previous editions.

This edition of NFPA 259 was approved as an American National Standard on March 31,
1998.

Origin and Development of NFPA 259

This standard is based on a test method developed at the National Bureau of Standards in
1961. Consideration of the test method by the NFPA was begun in 1973 culminating in the
standard that was adopted in 1976, reconfirmed in 1981, and revised at the 1986 Fall Meeting.
The 1993 edition was a reconfirmation of the 1987 edition.

The 1998 edition was completely rewritten incorporating editorial changes with the elimi-
nation of nonmandatory language. The only significant technical change was the incorpora-
tion of the requirement of two tests for a product to determine its heat of combustion. There
is a maximum 10 percent variation permitted; otherwise, a third test is required.

A new Appendix A has been added providing explanatory material. A new Appendix C con-
taining material extracted from Appendix C of NFPA 220, Standard on Types of Building Con-
struction, has been added for informational purposes.
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NOTICE: An asterisk (*) following the number or letter des-
ignating a paragraph indicates that explanatory material on
the paragraph can be found in Appendix A.

Information on referenced publications can be found in
Chapter 8 and Appendix D.

Chapter 1 General

1-1* Scope. This method of test provides a means of deter-
mining, under controlled laboratory conditions, the potential
heat of building materials subjected to a defined high-temper-
ature exposure condition.

1-2* Significance. This test method yields a property-type
measurement of the amount of heat that can potentially be
given off by building materials when exposed to a heat source
at 1382°F (750°C).

1-3 Definitions.

Potential Heat of a Material. As determined by this test
method, potential heat of a material is the difference between
the gross heat of combustion per unit mass of a representative
specimen of the material and the heat of combustion per unit
mass of any residue remaining after exposure of a representa-
tive specimen of the material to a defined heat source using
combustion calorimetric techniques.

Shall. Indicates a mandatory requirement.

Should. Indicates a recommendation or that which is
advised but not required.

Standard. A document, the main text of which contains
only mandatory provisions using the word “shall” to indicate
requirements and which is in a form generally suitable for
mandatory reference by another standard or code or for adop-
tion into law. Nonmandatory provisions shall be located in an
appendix, footnote, or fine-print note and are not to be con-
sidered a part of the requirements of a standard.

1-4 Test Method Summary. One of four specimens removed
from the material to be evaluated shall be pulverized, pelleted,
and combusted in a high-pressure oxygen atmosphere. This
determines the gross heat of combustion per unit mass of the
material. Another specimen shall be heated in air for two
hours at a temperature of 1382°F (750°C). The resulting resi-
due of this specimen, if any, shall be ground or pulverized,
mixed with a combustion promoter, and pelleted for combus-
ting in the same manner as the first specimen. After correcting
for the heat produced by the combustion promoter, the differ-
ence in the measured heat per unit mass of the first specimen
and the residue, if any, of the second specimen is the potential
heat of the material as defined in Section 1-3. Figure 1-4 sche-
matically illustrates the test procedure.

1998 Edition

Material
to be tested

Firing — 2 hrin
air at 1382 °F (750 °C)

Pulverization
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by difference

Figure 1-4 Schematic diagram of test procedure for potential heat
measurements.

1-5 Test Limitations.

1-5.1* This test method is not intended to measure heat
release rates of materials.

1-5.2 Nonhomogeneous or layered materials greater than 3
in. (76 mm) in thickness cannot be tested in accordance with
this test method due to specimen size limitations.

1-5.3 This test method shall be performed in a controlled environ-
ment under controlled laboratory conditions in order to obtain
material property data for use in evaluating the fire hazard of build-
ing materials. These data alone do not describe the fire hazard of
a material’s specific end use or predict its response to real fires.

1-6 Units. Metric units of measurement in this standard are
in accordance with the modernized metric system known as
the International System of Units (SI). Two units (liter and
bar), outside of but recognized by SI, are commonly used in
international fire protection.

1-6.1 If a value for measurement as given in this standard is
followed by an equivalent value in other units, the first stated
is to be regarded as the requirement. A given equivalent value
is considered to be approximate.

1-6.2 The conversion procedure for the SI units has been to
multiply the quantity by the conversion factor and then round
the result to the approximate number of significant digits.

Chapter 2 Test Apparatus and Materials
2-1 Oxygen Bomb Calorimeter. An oxygen bomb calorimeter

shall be used to determine the gross heat of combustion of one
test specimen. Either the isoperibol bomb calorimeter specified
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in ASTM D 3286, Test Method for Gross Calorific Value of Solid Fuel
by the Isoperibol Bomb Calorimeter, or the adiabatic bomb calorim-
eter specified in ASTM D 2015, Test Method for Gross Calorific
Value of Solid Fuel by the Adiabatic Bomb Calorimeter, shall be used.

2-2 Electric Muffle Furnace. An electric muffle furnace shall
be used to heat the other test specimens. A small opening or
portshall be provided in the furnace for the insertion of an air
supply tube.

2-2.1 Specimen Container. The specimen container shall
consist of a fused silica or ceramic container having a 1!/,in.
(32-mm) inside diameter and a length of 4 in. (102 mm).
These dimensions shall be considered nominal.

2-2.2 Specimen Container Cap. The specimen container
shall be provided with a cap that shall be made of material
similar to the specimen container. The cap shall be snug fit-
ting. An opening in the cap shall be provided for insertion
of the air supply tube and shall be sized to allow a loose fit
of the air supply tube.

2-2.3 Air Supply Tube. The air supply tube shall be made of
porcelain, fused silica, or corrosion-resistant metal. The air
supply tube shall have a minimum inside diameter of 3/ 4 in.
(5 mm), and its length shall be sufficient to extend beyond the
opening in the specimen container cap.

2-2.4 Wire Specimen Holder. The wire specimen holder
shall be formed to hold the test specimen away from the
walls of the specimen container to allow free airflow
around the test specimen. Corrosion-resistant wire shall
be used to construct the holder. (See Figure 2-2.4.)

14 in.>\

(32 mm)

T

(19 mm)
Y2in.

(13 mm}<

2% in.
(64 mm)

Figure 2-2.4 Wire specimen holder for muffle furnace firing.

2-2.5 Specimen Container Support. The specimen container
support shall be made of fire brick or similar material, shaped
to hold the specimen container and the specimen container
cap in alignment with the small opening or port in the electric
muffle furnace, allowing the air supply tube to be inserted
through the small opening or port into the specimen con-
tainer.

2-3* Combustion Promoter. The combustion promoter used
in the oxygen bomb calorimeter shall be benzoic acid (Stan-
dard Reference Material SRM 39i obtained from the National
Institute of Standards and Technology) as the standard mate-
rial for calorimetric determinations.

Chapter 3 Test Specimens

3-1 Specimens. A total of four conditioned representative
test specimens shall be taken from the test material: one for
the oxygen bomb calorimeter test procedure and three for the
electric muffle furnace test procedure. For the sizes of the test
specimens, see 4-1.2 and Section 5-1.

3-1.1 Each test specimen shall be conditioned until it has
reached a constant mass within £2.2 x 10-%1b (1 mg) in an
environment maintained at 73°F = 2°F (23°C * 1°C) and 50
percent = 5 percent relative humidity.

3-1.2 If the test material is a composite, nonhomogeneous, or
layered material, the various components of the test material
shall be contained in each test specimen in the same propor-
tions as in the test material.

Chapter 4 Oxygen Bomb Calorimeter Test Procedure

4-1 Specimen Preparation.

4-1.1* One test specimen shall be pulverized or otherwise
made into a powder form. The resultant powder shall be able
to pass through a 60-mesh (0.25-mm) screen. The resulting
mass of the test specimen shall not be less than 0.0221b (10 g)
of powder.

4-1.2 The thickness of the test specimen used in this test pro-
cedure shall not be smaller than !/, in. X 3 in. (13 mm X 76
mm).

4-1.3* During the pulverizing of the test specimen, care shall
be taken to avoid segregation or separation of components.
For composite, nonhomogeneous, or layered materials, a rep-
resentative specimen shall be obtained by combining samples
of material from each component or layer and from different
locations in each component or layer. The resultant powder
shall consist of an intimate mixture of all the components of
the material in the same proportions (mass fractions) as the
original test specimen.

4-1.4 A pellet having a mass of approximately 0.0022 1b (1 g)
shall be prepared from an intimate mixture of the powder
made from the test specimen.

4-1.5 All masses shall be measured to within 2.2 x 107 1b (0.1
mg) and recorded.

4-1.6% The pellet shall be made in accordance with the
method for the particular pelleting press used and shall be of
a shape convenient for the specimen cup. The pellet shall not
be compressed more than is necessary to prevent its disinte-
gration during preparation for combusting in the oxygen
bomb calorimeter.

4-2 Test Procedure.

4-2.1 A minimum of two test procedures shall be performed.
(See Section 6-3.)

4-2.2% The pellet shall be placed in the oxygen bomb calorim-
eter and tested in accordance with ASTM D 3286, Test Method
Jfor Gross Calorific Value of Solid Fuel by the Isoperibol Bomb Calorim-
eter, or ASTM D 2015, Test Method for Gross Calorific Value of Solid
Fuel by the Adiabatic Bomb Calorimeter.

4-2.3 If, after being fired in the oxygen bomb, the pellet is
found to have burned completely or to have left residue or ash
that has a mass less than 1 percent of the original pellet mass,
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the heat of combustion shall be computed. In this case, proce-
dures set forth in 4-2.4 shall not be applicable. The mass of the
residue and the heat of combustion shall be recorded.

4-2.4* If the pellet does not burn, or a residue or ash that has a
mass of 1 percent or more of the original pellet mass remains
after the firing, another approximate 0.0022 1b (1 g) pellet shall
be prepared using approximately equal portions of the original
powdered test specimen and a standard specimen of combus-
tion promoter. The mass of the residue shall be recorded.

4-2.4.1 Each portion of the pellet shall have its mass measured
to within #2.2 x 107 1b (0.1 mg) prior to pelletizing and
recorded.

4-2.4.2 The pellet’s mass shall be measured to within £2.2 X
107 1b (0.1 mg) and recorded.

4-2.4.3 The pellet prepared with the combustion promoter
shall be tested in accordance with 4-2.2.

4-2.5 In calculating the heat of combustion for the test speci-
men tested in accordance with 4-2.4, a correction for the heat
of combustion of the combustion promoter present in the pel-
let shall be applied to the measured heat given off by the spec-
imen. The gross heat of combustion of the test specimen shall
then be computed and recorded.

4-2.6 A second test shall be conducted on another pellet
made from the same test specimen in accordance with this
chapter.

4-2.7 If the heat of combustion of the two test specimens dif-
fers by more than 10 percent of the larger value, then a third
test shall be conducted on another pellet made from the same
test specimen in accordance with this chapter.

Chapter 5 Electric Muffle Furnace Test Procedure

5-1 Specimen Preparation. One test specimen of the condi-
tioned test material shall be cut in the form of a rectangular
prism !/;in. £ 1/gin. x3/,in. £ /g in. x 2!/, in. £ 1/, in. (18
mm*3 mm X 19 mm £ 3 mm X 64 mm £ 13 mm).

5-1.1 When a test material has a thickness less than 1/, in. (13
mm), it shall be layered in pieces to meet the required mini-
mum thickness for the test specimen.

5-1.2 When a homogeneous test material has a thickness
greater than 3 in. (76 mm), it shall be cut from the material to
meet the size limitations specified in Section 5-1.

5-1.3 Nonhomogeneous or layered materials greater than 3
in. (76 mm) in thickness shall not be tested in accordance with
this test method.

5-2 Test Procedure.

5-2.1 The electric muffle furnace shall be preheated to
1382°F + 18°F (750°C £ 10°C).

5-2.2 The mass of the test specimen shall be measured to
within #2.2 x 107 Ib (0.1 mg) and then placed on the wire
specimen holder in the specimen container. The mass of the
test specimen shall be recorded. The specimen container shall
be closed using the specimen container cap and placed in the
specimen container support.

5-2.3 The specimen container support containing the speci-
men on the wire specimen holder in the specimen container
shall be placed in the electric muffle furnace. The muffle fur-
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nace port shall be aligned with the air supply tube opening in
the specimen container cap. The external air supply tube shall
then be passed through the muffle furnace port and through
the air supply tube opening in the specimen container cap
into the specimen container to the test specimen.

5-2.4 The test specimen shall remain in the electric muffle
furnace for 2 hours = 1 minute. A regulated airflow shall be
supplied to the test specimen at 0.1 £ 0.01 ft3/min (47 £ 5
cm?®/sec) referenced to 68°F (20°C) and 30 in. Hg (101 kPa).

If ignition should occur immediately upon placing the test
specimen in the electric muffle furnace, forced-air supply shall
be delayed until the initial flaming has stopped.

5-2.5 Upon completion of the 2-hour furnace test, the speci-
men container with the test specimen shall be removed from
the electric muffle furnace and cooled in a desiccator. After
cooling to room temperature, the mass of the residue shall be
determined to within £2.2 x 107 Ib (0.1 mg) and recorded.

5-2.6 If the mass of the residue remaining after the electric
muffle furnace test procedure is not more than 5 percent of
the initial mass of the test specimen, the provisions of 5-2.7
shall not be applicable and the heat of combustion previously
determined under the oxygen bomb calorimeter test
described in Chapter 4 shall be recorded as the potential heat
of the material.

5-2.7 If the mass of the residue remaining after the electric muf-
fle furnace test procedure is in excess of 5 percent of the mass of
the initial test specimen mass, the residue shall be pulverized
into a homogeneous powder. A portion of the residue shall be
mixed with an approximately equal mass combustion promoter
and formed into an approximate 0.0022-1b (1-g) pellet.

5-2.7.1 The mass of the residue and combustion promoter
used to make the pellet, and the pellet itself, shall be mea-
sured to within £2.2 x 107 1b (0.1 mg) and recorded.

5-2.7.2 The pellet is then treated as specified in the oxygen
bomb calorimeter test procedure in Chapter 4 to determine
the heat of combustion of the residue.

5-2.7.3 The heat of combustion of the residue per unit mass
of the original test specimen shall be computed by multiplying
the heat of combustion determined in 5-2.7 by the ratio of the
residue mass determined in 5-2.5 to the original test specimen
mass and recorded.

5-2.8 A second test shall be conducted on another test speci-
men in accordance with this chapter.

5-2.9 If the heat of combustion of the two test specimens dif-
fers by more than 10 percent of the larger value, then a third
test shall be conducted on another test specimen in accor-
dance with this chapter.

Chapter 6 Calculating Potential Heat

6-1 Calculations with Not More than 5 Percent Residue. The
potential heat for test specimens yielding a residue from the
electric muffle furnace test procedure described in Chapter 5
having a mass of not more than 5 percent of the test speci-
men’s initial mass shall be considered to be equivalent to the
test specimen’s heat of combustion as determined by the oxy-
gen bomb calorimeter test described in Chapter 4. This value
shall be recorded as the test specimen’s potential heat.
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6-2 Calculations with More than 5 Percent Residue.

6-2.1 For test specimens that yield a residue from the electric
muffle furnace test procedure described in Chapter 5 having
a mass of more than 5 percent of the initial test specimen’s
mass, the potential heat shall be determined as in 6-2.2.

6-2.2% The heat of combustion of the residue as determined
in accordance with 5-2.7 shall be subtracted from the heat of
combustion of the test specimen as determined by the oxygen
bomb calorimeter test described in Chapter 4. This value shall
be recorded as the potential heat of the test specimen.

6-3 Test Variation. The two test procedures as required in 4-
2.1 shall be within 10 percent of each other. If the test results
exceed 10 percent variation, then the average of three tests
shall be reported.

6-4* Reporting Units. Potential heat shall be reported as the
quantity of heat per unit mass calculated in accordance with
this chapter.

Chapter 7 Report

7-1 Required Information. The test report shall include the

following information:

(a) Material identification code or number

(b) Manufacturer or submitter

(c) Date of test

(d) Operator

(e) Composition or generic identification of material

(f) Material thickness in inches (milimeters)

(g) Specimen mass in pounds (gallons)

(h) Material color(s) and description

(i) Details of specimen preparation by the testing labora-
tory

(j)' Number of replicate specimens tested under the same
conditions

(k) The ASTM test procedure used for the oxygen bomb cal-
orimeter

(1) Pellet mass in pounds (gallons)

(m) Mass of residue, if any, remaining after the oxygen bomb

calorimeter test in pounds (gallons), as described in
Chapter 4

(n) Combustion promoter used and its heat of combustion
per unit mass in Btu/1b (kJ/kg)

(o) Mass fractions of combustion promoter and test speci-

men, or residue for pellets in pounds (gallons), as tested
in accordance with 4-2.3 and 5-2.7

(p) Gross heat of combustion per unit mass of each pellet in
Btu/Ib (k]J/kg) made from the test specimen as deter-
mined in accordance with the oxygen bomb calorimeter
test procedure described in Chapter 4

(q) Mass of the residue remaining after the electric muffle
furnace test in pounds (gallons), as described in Chap-
ter 5

(r) Gross heat of combustion per unit mass of the residue
remaining after the electric muffle furnace test in Btu/
Ib (k]/kg), as described in Chapter 5 and as determined
in accordance with 5-2.7

(s) Potential heat of each specimen in Btu/lb (kJ/kg)

(t) Potential heat of the material in Btu/Ib (k]J/kg)

(u) Method used for determining the potential heat of the
material in accordance with Chapter 6

Chapter 8 Referenced Publications

8-1 The following documents or portions thereof are refer-
enced within this standard as mandatory requirements and
shall be considered part of the requirements of this standard.
The edition indicated for each referenced mandatory docu-
mentis the current edition as of the date of the NFPA issuance
of this standard. Some of these mandatory documents might
also be referenced in this standard for specific informational
purposes and, therefore, are also listed in Appendix D.

8-1.1 ASTM Publications. American Society for Testing and
Materials, 100 Barr Harbor Drive, West Conshohocken, PA
19428-2959.

ASTM D 2015, Test Method for Gross Calorific Value of Solid Fuel
by the Adiabatic Bomb Calorimeter, 1995.

ASTM D 3286, Test Method for Gross Calorific Value of Solid Fuel
by the Isoperibol Bomb Calorimeter, 1991a.

Appendix A Explanatory Material

Appendix A is not a part of the requirements of this NFPA document
but is included for informational purposes only. This appendix con-
tains explanatory material, numbered to correspond with the applica-
ble text paragraphs.

A-1-1 Scope. Determinations may be made on individual
homogeneous or individual composite, nonhomogeneous, or
layered materials from which a representative sample can be
taken.

A-1-2 Significance. It is essential that the information on
application of potential heat data in Appendix B be consulted
prior to applying test results.

A-1-5.1 Ingeneral, heat release rates of materials can be deter-
mined by such bench scale test methods as NFPA 263, Standard
Method of Test for Heat and Visible Smoke Release Rates for Materials
and Products, and NFPA 264, Standard Method of Test for Heat
and Visible Smoke Release Rates for Materials and Products Using an
Oxygen Consumption Calorimeter. For determining heat release
rates of specific materials such as upholstered furniture and
mattresses and textile wall coverings, NFPA 264A, Standard
Method of Test for Heat Release Rates for Upholstered Furniture Com-
ponents or Composites and Mattresses Using an Oxygen Consumption
Calorimeter, and NFPA 265, Standard Methods of Fire Tests for
Evaluating Room Fire Growth Contribution of Textile Wall Cover-
ings, respectively, can be used.

A-2-3 At least one testing laboratory has experienced some
difficulty in achieving consistent results for materials that con-
tain CaCOj3, CaSOy, or CaSiOjy since apparently these chemi-
cals (inorganic salts) tend to react endothermically with the
benzoic acid combustion promoter. Such a reaction has been
described as follows:

CaSO, +2C = CaS + 2CO,

When this occurs, two corrections are generally required to
be made to the gross heat of combustion determined by the
oxygen bomb calorimetry method. They include a correction
for the unburned benzoic acid as prescribed in the test proce-
dure and a correction for the endothermic redox reaction
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259-8 POTENTIAL HEAT OF BUILDING MATERIALS

described in the equation. Both of these corrections can be
roughly estimated by quantification of sulfur in the bomb res-
idue. Experimentation with other combustion promoters dis-
covered that paraffin oil worked best and provided the most
consistent results when such chemicals were present in the
materials being evaluated.

It should be noted that this phenomenon has been found in
the presence of calcium-containing materials and is probably
an acid-base reaction. Therefore, it is likely to occur also with
any materials that are alkaline, such as metal hydroxides, with
some inorganic salts, or with some other similar chemicals as
well. However, it has not been investigated with materials for
which acid-base reactions do not occur. Thus, the testing lab-
oratory should be suspicious of the use of benzoic acid when
significant errors or variations occur in the gross heat of com-
bustion determined by this method. In those cases it can be
appropriate to use a paraffin oil combustion promoter. An
appropriate paraffin oil should have a known heat of combus-
tion and contain 99.5 percent paraffinic hydrocarbons. For
example, a value of gross heat of combustion of 46.2 MJ/kg is
referenced for a particular type of paraffin oil in The SFPE
Handbook of Fire Protection Engineering. It should also be noted
that the heat of combustion of paraffin oil can cover a range of
values, depending on its chemical composition. The following
information has not been independently verified, certified, or
endorsed by the NFPA or this technical committee: The paraf-
fin oil distributed by the Zeco Corporation as part No. 501-439,
which has a heat of combustion of 45.5 M]/kg + 0.1 M]/kg, has
been found suitable by at least one laboratory.

A-4-1.1 While many materials may be suitably made into a
powder form using a clean carbide double-bastard file, or mor-
tar and pestle, or both, it may sometimes be useful to freeze
(with dry ice) materials containing asphaltic, mastic, or plastic
components prior to filing or to use mechanical blenders, ball
or hammer mills, grinders, milling or lathe cutters, and so on.
For laminated materials, it may be preferable to separate the
test specimen into component layers and to grind, file, or pul-
verize each component separately. The powdered compo-
nents then may be mixed intimately in proportion to their
original mass fractions and the mixture tested, or, alternately,
each component may be tested separately and the contribu-
tions of heat combined in proportion to each component’s
original mass fraction.

A-4-1.3 Any loss in the mass of the component materials dur-
ing the making of the powder, including mixing and pelletiz-
ing, should be subtracted from the mass of the specimen and
the combustion promoter, if used, in proportion to their orig-
inal mass fractions and the corrected masses used in the heat
of combustion calculations.

A-4-1.6 Excessively hard pellets may fracture and result in
incomplete combustion when fired.

A-4-2.2 CAUTION: For tests on specimens that are predomi-
nantly metallic, the use of a silica or quartz crucible is recom-
mended. The water equivalent of the calorimeter using the
appropriate crucible should be measured and used.

A-4-2.4 See A-4-1.3.

A-6-2.2 The potential heat is a measure of the heat given off
by a material in the electric muffle furnace test.

A-6-4 Where appropriate, potential heat may be reported as
the quantity of heat per unit volume or surface area. For mate-
rials such as metals where the combustion process is relatively
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slow and is a function of surface area, the potential heat can
be reported appropriately on a surface area basis.

Appendix B Application of Potential Heat Data

This appendix is not a part of the requirements of this NFPA document
but is included for informational purposes only.

B-1 Application of Potential Heat Data. This potential heat
test method provides an assessment of one property of a mate-
rial - the total heat given off that is possible with an electric
muffle furnace exposure of the test specimen, under oxidizing
conditions, at 1382°F (750°C). The appropriate use of this
procedure must recognize its nature as a property-type test.
(See A.F. Robertson in ASTM Standardization News.) In many
applications, additional supporting test data by other fire test
methods can be required for qualifying materials for various
fire safety applications. As an example, it should be recognized
that under actual fire conditions some materials release all or
most of their heat very rapidly. Other materials release heat
very slowly and, depending on thickness and fire conditions,
can never release all the heat possible. Information on the
actual end-use of the material in conjunction with additional
supporting data is usually needed for classifying the material.

Some materials such as gypsum and concrete can have negative
values for potential heat as determined by this test method. Such
materials contain certain chemical compounds that react endot-
hermically during the oxidation process or have water of hydra-
tion or free water, which also absorb heat. If these materials also
have very little organic content, then it is possible that they will be
determined to have a negative potential heat. (See Appendix C.)

B-2 The Test Method. The potential heat test method (see
ASTM Proceedings) makes use of oxygen bomb calorimetric
measurement methods. It measures the difference between
the heat of combustion of a test material as determined by an
oxygen bomb calorimeter and that of the residue remaining
after exposure of another test specimen to a standardized
intense thermal exposure using an electric muffle furnace.
Results of the test method are usually reported in terms of
heat given off per unit mass of the specimen involved.

The test procedure is based on combustion of the specimen
as complete as is possible within a 2-hour exposure period in
an electric muffle furnace at 1382°F (750°C).

The oxygen bomb calorimetry techniques use very small test
specimens of about 0.0022 1b (1 g) mass. Because of this, the
sampling and specimen preparation procedures used are of
considerable importance, especially with heterogeneous, lay-
ered, or composite materials. For such materials, two proce-
dures are available to the investigator. One involves pulverizing
a representative section of the complete composite and then
testing the resultant mixture in the form of a small pellet.
Another involves measuring the potential heat of the individual
components of the material and then, on the basis of computa-
tions, deriving an overall value for the composite.

The selection of a test specimen for thermal exposure in the
electric muffle furnace will, of course, depend on which of the
preparation procedures is to be used.

The electric muffle furnace exposure must be severe, involv-
ing combustion of most of the oxidizable material at 1382°F
(750°C); this is essential for its consideration as a property-
type test method. This must be carefully considered when
applying potential heat data as a basis of code or regulatory
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procedures for building or other fire safety purposes. This is
especially true when life safety is of prime concern.

For example, the potential heat of two wall components can
be identical, and yet in one wall the combustible component
may be placed on the exposed wall surface while in the other
it can be deeply buried beneath an exposed masonry construc-
tion. In the hazard presented by the wall to building occupants
in the event of a fire, these walls represent two possible
extremes. Thus, simple consideration of the potential heat of
the wall materials yields little information on the relative fire
participation hazard of the two walls. This problem is charac-
teristic of property-type fire tests. It emphasizes the need for
discretion in the use of the test methods and in the application
of the resulting test data.

B-3 Auxiliary Tests. Asindicated in Section B-2, property-type
fire tests are seldom comprehensive enough to form the sole
basis of acceptance of materials or products. Additional tests
are usually required. Examples of other types of tests of possi-
ble value in evaluating the fire hazard materials include the adi-
abatic furnace, a smoldering test, heat release rate calorimeter,
and flame spread tests. (See J. Res. NBS, Vol. 61; ASTM STP 502,
Ignition, Heat Release and Noncombustibility of Materials; ASTM E
162, Standard Test Method for Surface Flammability of Malterials
Using a Radiant Heat Energy Source; NFPA 255, Standard Method of
Test of Surface Burning Characteristics of Building Materials; NFPA
263, Standard Method of Test for Heat and Visible Smoke Release
Rates for Materials and Products; and NFPA 264, Standard Method
of Test for Heat and Visible Smoke Release Rales for Materials and
Products Using an Oxygen Consumption Calorimeter.) Only the
flame spread and heat release rate tests have received recogni-
tion by national standards organizations. The smoldering and
adiabatic furnace tests have not yet received recognition as
standards, although numerous ad hoc tests of both have been
conducted as the need for them has become obvious.

B-4 Precision of the Potential Heat Test Method. The origi-
nal paper on this test method (see ASTM Proceedings, Vol. 61)
discussed the precision level possible within a single labora-
tory (repeatability). It was concluded that with technicians

skilled in the procedure involved, the standard deviation of
differences between duplicate determinations of potential
heat would be equal to about 94 Btu/Ib (219 kJ/kg). This pre-
diction, based on early work at NBS (NIST), was later con-
firmed for three of the five materials tested in the
interlaboratory study. (See ASTM STP 464, Interlaboratory Com-
parison of the Potential Heat Test Method.) In this reference, a
value of 92 Btu/1b (214 kJ/kg) was reported. This value corre-
sponds to expected repeatability between duplicates of 200
Btu/1b (465 k] /kg) with a 95 percent confidence level.

In the original paper it was stated that this order of repeat-
ability was independent of the potential heat measured. The
basis of this claim is illustrated in a chart as Figure B-4. This fig-
ure represents plotted data of the difference between dupli-
cate determinations of potential heat as a function of the
average. Because of the precision, most of the recent measure-
ments of potential heat have involved a single determination
and thus are not useful for this plot. The materials repre-
sented by the data comprise a widely varied group. They
include materials of laminated, homogeneous, and heteroge-
neous characteristics. Both very low and high values of poten-
tial heat are shown. Different symbols are used as a means for
identification of slightly different procedures used for deriv-
ing the data. Thus, all the data above 8000 Btu/1b (18,600 K]/
kg) represent a single calorimetric determination as permit-
ted by the test procedure when negligible ash remains follow-
ing the test specimen exposure in the electric muffle furnace.
The data reproduced as dots are based on two oxygen bomb
calorimetric determinations and one measurement of the
heat of combustion of the ash from an electric muffle fur-
nace—exposed test specimen. All remaining data are based on
duplicate determinations of both the oxygen bomb-exposed
test specimen and muffle furnace—exposed test specimen. It
should be noted that all the NBS (NIST) data derived in con-
nection with the interlaboratory study (see ASTM STP 464,
Interlaboratory Comparison of the Potential Heat Test Method) are
included in this figure. Thus the figure tends to confirm the
predictions made with regard to reproducibility in that study.
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Note: Chart represents deviation between duplicates as a function of average potential heat for a wide range of materials.

Data points represent: X Specified procedure, two determinations on
both material and muffled specimen

+ Specified procedure NBS data from round
robin study (see ASTM STP 464)

+ Specified procedure but only one test of

muffled specimen

© Specified procedure for materials of low ash

content, no test on muffled specimen

Figure B-4 NBS data difference between duplicate potential heat measurements, as a function of the average.
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Actually the test procedure has been slightly modified from
that used in the last interlaboratory test, with the objective of
improving the precision on those materials that proved most
difficult in the study. These changes have included more
detailed instructions on the preparation of specimens from
laminated materials or those of nonhomogeneous character,
and the fact that four of the eleven laboratories participating
in the interlaboratory study were successful in producing data
for all materials that were within 200 Btu/lb (465 kJ/kg).
Repeatability and reproducibility values reported, based on
three of the materials, would also be applicable to the full
range of materials likely to be tested in the future. These pre-
cision levels involve a repeatability within a laboratory of 200
Btu/1b (465 k] /kg) and a reproducibility between laboratories
of 500 Btu/1b (1160 kJ/kg) based on duplicate tests. Thus, the
procedure appears to provide adequate precision when skilled
laboratory technical work is available.

Appendix C Potential Heat of Selected Building
Materials

This appendix is not a part of the requirements of this NFPA document
but is included for informational purposes only.

Table Cis being reprinted here from NFPA 220, Standard on
Types of Building Construction, as information for the user of this
document.

Appendix D Referenced Publications

D-1 The following documents or portions thereof are refer-
enced within this standard for informational purposes only
and are thus not considered part of the requirements of this
standard unless also listed in Chapter 8. The edition indicated
here for each reference is the current edition as of the date of
the NFPA issuance of this standard.

D-1.1 NFPA Publications. National Fire Protection Associa-
tion, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-
9101.

1998 Edition

NFPA 220, Standard on Types of Building Construction, 1995
edition.

NFPA 255, Standard Method of Test of Surface Burning Charac-
teristics of Building Materials, 1996 edition.

NFPA 263, Standard Method of Test for Heat and Visible Smoke
Release Rates for Materials and Products, 1994 edition.

NFPA 264, Standard Method of Test for Heat and Visible Smoke
Release Rates for Materials and Products Using an Oxygen Consump-
tion Calorimeter, 1995 edition.

NFPA 264A, Standard Method of Test for Heat Release Rates for
Upholstered Furniture Components or Composites and Mattresses
Using an Oxygen Consumption Calorimeter, 1994 edition.

NFPA 265, Standard Methods of Fire Tests for Evaluating Room
Fire Growth Contribution of Textile Wall Coverings, 1994 edition.

D-1.2 ASTM Publications. American Society for Testing and
Materials, 100 Barr Harbor Drive, West Conshohocken, PA
19428-2959.

ASTM E 162, Standard Test Method for Surface Flammability of
Materials Using a Radiant Heat Energy Source, 1994.

ASTM STP 464, Interlaboratory Comparison of the Potential Heat
Test Method, Gross, D., and Natrella, M. G., pp. 127-152, 1970.

ASTM STP 502, Ignition, Heat Release and Noncombustibility of
Madterials, Parker, W. J., and Long, M. E., "Development of a
Heat Release Rate Calorimeter at NBS,” pp. 135-151, 1972.

ASTM Proceedings, Loftus, J. J., Gross, D., and Robertson, A.
F., “Potential Heat, A Method for Measuring the Heat Release
of Materials in Building Fires,” Vol. 61, pp. 1336-1348, 1961.

ASTM Standardization News, Robertson, A. F., “Test Method
Categorization and Fire Hazard Standards,” pp. 18-20, Novem-
ber 1975.

D-1.3 NIST Publication. National Institute of Standards and
Technology (formerly National Bureau of Standards), Gaith-
ersburg, MD 20899.

Gross, D., and Robertson, A. F., “Self-Ignition Temperatures
of Materials from Kinetic Reaction Data,” J. Res. NBS, Vol. 61,
no. 5, pp. 413-417, Nov. 1958.

D-1.4 SFPE Publication. Society of Fire Protection Engi-
neers, 1 Liberty Square, Boston, MA 02109-4825.

The SFPE Handbook of Fire Protection Engineering, second edi-
tion, Table C-4, p. A-44, 1995.



