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Designation: D2883 − 95 (Reapproved 2009)

Standard Test Method for
Reaction Threshold Temperature of Liquid and Solid
Materials1

This standard is issued under the fixed designation D2883; 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
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers determination of the pre-flame,
cool-flame, and hot-flame reaction threshold temperatures and
the incipient reaction temperature of liquids and solids. Data
may be obtained at pressures from low vacuum to 0.8 MPa
(115 psia) for temperatures within the range from room
temperature to 925 K (1200°F).

1.2 This test method may be applied to any substance that is
a liquid or a solid at room temperature and atmospheric
pressure and that, at room temperature, is compatible with
glass and stainless steel. Air is the intended oxidizing medium;
however, other media may be substituted provided appropriate
precautions are taken for their safe use.

1.3 The values stated in SI units are to be regarded as the
standard. In cases where materials, products, or equipment are
available in inch-pound units only, SI units are omitted.

1.4 This standard is used to measure and describe the
response of materials, products, or assemblies to heat and
flame under controlled conditions, but does not by itself
incorporate all factors required for fire hazard or fire risk
assessment of the materials, products, or assemblies under
actual fire conditions.

1.5 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. For specific
warning statements, see 6.8, Sections 7 and 9.

2. Referenced Documents

2.1 ASTM Standards:2

D1193 Specification for Reagent Water

D2021 Specification for Neutral Detergent, 40 Percent Alky-
lbenzene Sulfonate Type (Withdrawn 2000)3

E659 Test Method for Autoignition Temperature of Liquid
Chemicals

2.2 Military Standards:4

MIL-C-81302 Trichlorotrifluoroethane
MIL-T-7003 Trichloroethylene

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 catalytic reaction, n—a fast, self-sustaining, energetic,

sometimes luminous, sometimes audible reaction that occurs as
a result of catalytic action on the surface of the thermocouple
or other solid surface within the combustion chamber.

3.1.2 cool-flame reaction, n—a relatively slow, self-
sustaining, barely luminous reaction of the sample or its
decomposition products with the atmosphere in the combustion
chamber.

3.1.2.1 Discussion—This type of flame is visible only in a
darkened area. Figs. 1-4 illustrate the type of temperature
records obtained for cool-flames.

3.1.3 hot-flame reaction, n—a rapid, self-sustaining,
luminous, sometimes audible reaction of the sample or its
decomposition products with the atmosphere in the combustion
chamber.

3.1.3.1 Discussion—A yellow or blue flame usually accom-
panies the reaction. Figs. 5-7 illustrate the type of temperature
records obtained for hot-flames.

3.1.4 incipient reaction temperature, n—the temperature
obtained by extrapolation of a plot of the reciprocal of the
reaction delay time versus the initial reaction temperature to
that value of the reciprocal which represents infinite delay
(t−1 = 0) (Fig. 8).

3.1.4.1 Discussion—The detection of sample reactions and
the distinctions between different reactions are based upon the
records produced by the various sensing devices used in the
apparatus. The temperature record is basic to the method and

1 This test method is under the jursidiction of ASTM Committee D02 on
Petroleum Products, Liquid Fuels, and Lubricants and is the direct responsibility of
Subcommittee D02.L0.07 on Engineering Sciences of High Performance Fluids and
Solids (Formally D02.1100).
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2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
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the ASTM website.

3 The last approved version of this historical standard is referenced on
www.astm.org.

4 Available from Standardization Documents Order Desk, Bldg 4, Section D, 700
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shall be regarded as the primary source of such data. The use
of a pressure record and the records of other sensing devices to
obtain additional data is optional.

3.1.5 noncombustive reaction, n—a reaction other than com-
bustion or thermal degradation undergone by certain materials
upon exposure to elevated temperatures.

3.1.5.1 Discussion—Thermal polymerization is an example

of the type of reaction that may occur when dealing with
potentially reactive substances.

3.1.6 pre-flame reaction, n—a slow, nonluminous reaction
of the sample or its decomposition products with the atmo-
sphere in the combustion chamber.

3.1.6.1 Discussion—Fig. 9 and Fig. 10 illustrate the type of
temperature records obtained for preflame reactions.

FIG. 1 Time-Temperature Profile for Typical Cool-Flame Reactions

FIG. 2 Time-Temperature Profile for Typical Cool-Flame Reactions

FIG. 3 Time-Temperature Profile for Typical Cool-Flame Reactions
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3.1.7 reaction delay time, n—the time, measured in seconds,
that elapses between the introduction of the sample into the
reaction chamber and the attainment of maximum response
from one of the sensors used to follow the reaction (Fig. 3).

3.1.8 reaction threshold temperature, n—the lowest tem-
perature at which any reaction of the sample or its decompo-
sition products may be detected by a thermocouple or other
sensing devices.

3.2 Symbols:
T = temperature,° C
T' = incipient reaction temperature,° C
t = delay time, s
P = pressure, Pa or torr
h = hot-flame reaction
c = cool-flame reaction
p = pre-flame reaction
c = catalytic reaction
n = noncombustion reaction

4. Summary of Test Method

4.1 A small measured amount of the sample contained in a
glass ampoule is introduced into a stainless steel reaction
chamber maintained at preselected temperature and pressure.
The reactions of the sample subsequent to its introduction into
the reaction chamber are followed by monitoring the tempera-
ture or the temperature and pressure (optional) of the reaction
chamber as a function of time.

4.2 At any selected system pressure, the minimum tempera-
ture (reaction threshold temperature) required to produce a
given reaction is determined as a function of the size of the
sample employed. The delay times for cool-flame and hot-
flame reactions are also measured. A plot of the reciprocal of
the reaction delay time versus the initial reaction chamber
temperature for a cool-flame or hot-flame reaction may be used
to determine the incipient reaction temperature by extrapola-
tion to infinite delay time (t −1 = 0).

NOTE 1—The hot-flame reaction, cool-flame reaction, and reaction
threshold temperature obtained by this test method may approximate those
temperatures obtained by Test Method E659, for hot-flame autoignition,
cool-flame autoignition, and reaction threshold temperature, respectively.

5. Significance and Use

5.1 The reaction thresholds of a material are a measure of
the tendency of the material or its decomposition products to
undergo gas phase reactions of various types. Hot-flame and
cool-flame thresholds relate directly to reactions which are
involved in autoignition phenomena. Pre-flame, catalytic and
thermal polymerization thresholds also relate to autoignition in
that they represent reactions which can be under some condi-
tions the precursors of ignition reactions.

6. Apparatus5,6

6.1 Oven, fan-assisted air-circulating, with a 300 by 300 by
300 mm minimum volume, centrally located in the oven work
space within which temperature uniformity shall be 63 K over
the temperature range from room temperature to 925 K. A
typical oven is detailed in the Appendix.

6.1.1 Temperature uniformity shall be determined by the
following test: Eight thermocouples shall be arranged within
the oven in such a manner that they shall be located at positions
designated by the corners of a 300 mm cube. Awg No. 30,
calibrated, bare junction iron-constantan or Chromel-Alumel
thermocouples are suitable. Lead-in ports may be plugged with
insulating material during the uniformity test.

6.2 Reaction Temperature Apparatus, assembly as shown in
Fig. 11, comprising the following:

6.2.1 Combustion Chamber, 1000 mL round-bottom, long-
neck, AISI Type 316 stainless steel flask with 25.4 mm (1-in.)
Corning ferrule, as shown in Fig. 12.

6.2.2 Pressure Control Manifold, as shown in Fig. 13,
consisting of:

6.2.2.1 Thermocouple Gland. 6,7

6.2.2.2 Insertion Rod Guide, AISI Type 316 tube, 6.4 mm
(1⁄4 in.) in outside diameter by 1.245 mm (0.049 in.) wall.

6.2.2.3 Chamber Head with 25.4 mm (1-in.) Corning fer-
rule.

6.2.2.4 Pressure Transducer (optional).
6.2.2.5 Pressure Relief Valve, capable of relieving pressure

at 40 % above test equilibrium pressure.
6.2.2.6 Air Inlet Valve, AISI Type 316 stainless steel.
6.2.3 Electromagnet, capable of propelling insertion rod

against anvil with sufficient force to break sample ampoule.
6.2.4 Insertion Rod, AISI Type 316 tubing, 3.2 mm (1⁄8 in.)

in outside diameter by 673 mm (26.5 in.) in length with
attached armature.

6.2.5 Flange Assembly, Corning Style 1 for 25.4 mm (1-in.)
pipe.

6.2.6 Thermocouples, calibrated precision grade iron-
constantan (ISA-Type and Chromel-Alumel (ISA-Type K),
Awg No. 30 glass-fiber insulated, bare-junction (welded) in
5-mm borosilicate glass tube.

5 The sole source of supply of the apparatus known to the committee at this time
is W.A. Sales Ltd., 419 Harvester Ct., Wheeling, IL 60090.

6 If you are aware of alternative suppliers, please provide this information to
ASTM International Headquarters. Your comments will receive careful consider-
ation at a meeting of the responsible technical committee,1 which you may attend.

7 Reducer, Swagelok 200-R-4-316BT with silicone rubber disk insert to form
seal around wire has been found satisfactory.

FIG. 4 Time-Temperature Profile for Typical Cool-Flame Reac-
tions

D2883 − 95 (2009)

3

Full document details: ASTM D2883-95(2009)

http://www.avadocuments.com/doc/astm-d2883-95-2009
http://www.avadocuments.com/doc/astm-d2883-95-2009


C

6.3 Sample Ampoule, illustrated for solids and liquids in
Fig. 14.

FIG. 5 Time-Temperature Profile and Delay Time for Typical Hot-Flame Reactions

FIG. 6 Time-Temperature Profile and Delay Time for Typical Hot-Flame Reactions

FIG. 7 Time-Temperature Profile and Delay Time for Typical Hot-Flame Reactions
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