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Standard Test Method for

[I:[Mj Designation: D2883 — 95 (Reapproved 2005)

Reaction Threshold Temperature of Liquid and Solid

Materials’

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 should be used to measure and describe
the properties of materials, products, or assemblies in response
to heat and flame under controlled laboratory conditions and
should not be used to describe or appraise the fire hazard or
fire risk of materials, products, or assemblies under actual fire
conditions. However, results of this test may be used as
elements of a fire risk assessment which takes into account all
of the factors which are pertinent to an assessment of the fire
hazard of a particular end use.

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 hazard
statements, see 0.8, Sections 7 and 9.

' This test method is under the jursidiction of ASTM Committee D02 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
DO02.11 on Engineering Sciences of High Performance Fluids and Solids.

Current edition approved June 1, 2005. Published September 2005. Originally
approved in 1970. Last previous edition approved in 2000 as D2883-95(2000)%".
DOI: 10.1520/D2883-95R05.

2. Referenced Documents

2.1 ASTM Standards.?

DI1193 Specification for Reagent Water

D2021 Specification for Neutral Detergent, 40 Percent
Alkylbenzene Sulfonate Type

E659 Test Method for Autoignition Temperature of Liquid
Chemicals

2.2 Military Standards:?

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, lumi-
nous, sometimes audible reaction of the sample or its decom-
position 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.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from Standardization Documents Order Desk, Bldg 4, Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094. Attn: NPODS.
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FIG. 1 Time-Temperature Profile for Typical Cool-Flame Reactions
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FIG. 2 Time-Temperature Profile for Typical Cool-Flame Reactions
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FIG. 3 Time-Temperature Profile for Typical Cool-Flame Reactions

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
(' =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

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
combustion or thermal degradation undergone by certain ma-
terials 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.
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FIG. 4 Time-Temperature Profile for Typical Cool-Flame Reactions

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.

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:

temperature,®° C

incipient reaction temperature,® C
delay time, s

pressure, Pa or torr

hot-flame reaction

cool-flame reaction

pre-flame reaction

catalytic reaction

noncombustion reaction

SOTOITTUTHH

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 (' = 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. Apparatus +°

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 =3 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. >°

6.2.2.2 Insertion Rod Guide, AISI Type 316 tube, 6.4 mm
(Y4 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 (%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),

# 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.

> 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, which you may attend.

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


https://standards.iteh.ai/catalog/standards/sist/15977d61-dec3-493f-a161-2e90b84a64c2/astm-d2883-952005

Ay 2883 - 95 (2005)

o o
L A4
® @
[=] [}
© —

e ; S
o  —
- START
8 lIOO SEC.] - S
© 1 E 1 - ©

FIG. 5 Time-Temperature Profile and Delay Time for Typical Hot-Flame Reactions
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FIG. 6 Time-Temperature Profile and Delay Time for Typical Hot-Flame Reactions
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FIG. 7 Time-Temperature Profile and Delay Time for Typical Hot-Flame Reactions

Awg No. 30 glass-fiber insulated, bare-junction (welded) in 6.3 Sample Ampoule, illustrated for solids and liquids in
5-mm borosilicate glass tube. Fig. 14.
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FIG. 8 Effect of the Reaction Temperature on the Delay Time to
Determine Incipient Reaction Temperature

6.4 Temperature Recorder, 37 475 to 1025 K, (400 to
1400°F) range, Y4 s full-scale deflection, thermocouple actua-
tion with range changes for iron-constantan and Chromel-
Alumel elements.

6.5 Hypodermic Syringe, >® fluorocarbon-tipped 0.5 mL and
2.5 mL with hypodermic needles suitable for introduction into
sample ampoules.

6.6 Pressure Gages, capable of determining the appropriate
pressure with an accuracy of =1 %.

6.7 Vacuum System, capable of attaining and maintaining
the required pressure with mechanical vacuum pump>® and
cold trap inserted in the line between the reaction temperature
apparatus and the pump.

6.8 Gas Supply System, capable of supplying the ap-
propriate gas, dewpoint 215 K (-70°F) maximum and essen-
tially free of contaminants at pressures up to 0.8 MPa.
(Warning—Compressed gas under high pressure. Gas reduces
oxygen available for breathing. See A2.1.)

6.9 Exhaust Hood, capable of disposing of fumes vented
from the reaction temperature apparatus.

5,10

7. Reagents and Materials

7.1 Trichloroethylene, conforming to MIL-T-7003. Trichlo-
rotrifluoroethane conforming to MIL-C-81302 or high flash
point naphtha may be used as alternatives. (Warning—
Harmful if inhaled. High concentrations may cause uncon-
sciousness or death. Contact can cause skin irritation and
dermatitis. See A2.2.)

7.2 Cleaning Compounds. >'!

7.3 Chloroform, technical grade. (Warning—Can be fatal if
swallowed. Harmful if inhaled. Can produce toxic vapors if
burned. See A2.5.)

7 Honeywell Model KSY 153 X 116—(PH)-II-11I-163-66-D has been found
satisfactory.

8 The sole source of supply of Models 1750 and 1002 with Luer Lok known to
the committee at this time is Hamilton Co., Whittier, CA.

°125 W (Y% hp) carbon vane pump has been found satisfactory for most
applications.

' The sole source of supply of dry air known to the committee at this time is
Matheson Co., East Rutherford, NJ.

! The sole source of supply of “Transpo” cleaner known to the committee at this
time is Turco Products, Inc., Rockdale, IL.

7.4 Detergent, free-rinsing, conforming to Specification
D2021.

7.5 Reagent Water, conforming to Specification D1193,
either grade.

7.6 Acetic Acid, ACS reagent grade.

7.7 Hydroiodic Acid, 57 % reagent grade.

8. Test Specimen

8.1 Liquid Sample—200 mL is sufficient for the determina-
tion of the various reaction threshold temperatures at a single
pressure.

8.2 Solid Sample—150 g is sufficient for the determination
of the various reaction threshold temperatures at a single
pressure.

9. Procedure

9.1 Method A for Liquids:

9.1.1 Clean a combustion chamber as follows: rinse with
trichloroethylene (Warning—Harmful if inhaled. High con-
centrations may cause unconsciousness or death. Contact can
cause skin irritation and dermatitis. See A2.2.), immerse in
cleaning compound for a minimum of 15 min at 293 to 308 K,
wash with detergent, and rinse thoroughly with reagent water.
Dry in an oven at 393 to 423 K. Discard the chamber if not free
of deposits. Clean the thermocouple internal supports, anvil,
and insertion rod in the same manner.

Note 2—A chloroform (see 7.3) rinse prior to washing can prove useful
in some cases. Difficult deposits may be removed by walnut shell
abrasion. Discard the chamber if deposits can not be removed or if
inspection reveals that the interior of the chamber has been damaged or
corroded.

Note 3—Stainless steel, Type 316 combustion chambers and an air
atmosphere have been specified with this test method. However, chambers
of other materials and of different sizes, and atmospheres of other gases
may be used when required.

Note 4—Chambers may be tested for the presence of peroxide or free
radical residues by purging them with nitrogen and rinsing with a freshly
prepared mixture of 3 mL each of chloroform, glacial acetic acid,
(Warning—Poison. Corrosive. Combustible. Can be fatal if swallowed.
Causes severe burns. Harmful if inhaled. See A2.6) and hydroiodic acid
(57 % analytical grade, not stabilized) (Warning—Poison. Corrosive. Can
be fatal if swallowed. Liquid and vapor cause severe burns. Harmful if
inhaled. See A2.7). When this mixture is poured into a clean glass vessel
and 10 drops of stabilized starch solution added, a trace of the starch-
iodine color reaction indicates no peroxides or free radicals are present.

9.1.2 Assemble the reaction temperature apparatus in accor-
dance with Fig. 11, using a clean combustion chamber. Insert
the assembly horizontally in the oven to the middle of the
temperature-controlled zone to a minimum inside depth of 21
cm.

9.1.3 Connect the vacuum system, gas supply system
(Warning—Compressed gas under high pressure. Gas reduces
oxygen available for breathing. See A2.1.), pressure gages, and
temperature recorder to the apparatus in accordance with Fig.
13.

9.1.4 Set the temperature controller of the oven at a tem-
perature approximately 50 K below the expected threshold for
the hot-flame reaction of the sample. Turn on the heat and
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FIG. 9 Time-Temperature Profile for Typical Pre-Flame Reactions
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FIG. 10 Time-Temperature Profile for Typical Pre-Flame Reactions

blower switches of the oven. Increase the pressure in the gas
supply system or decrease the pressure through the vacuum
system as required.

9.1.5 Establish thermal and pressure equilibrium in the
system. Record the temperature and pressure for at least 10 min
to ensure a satisfactory equilibrium.

9.1.6 Fill the 0.5-mL syringe with a portion of the sample
and transfer 0.2 mL to the thin-walled bulb portion of the liquid
sample ampoule (Fig. 14). Place the cap on the ampoule and
affix the covered ampoule to the end of the insertion rod.

9.1.6.1 If the sample is extremely volatile, seal the ampoule
by drawing the open end closed in the flame of a torch. Use
caution to prevent possible violent reaction between sample
and flame.

9.1.6.2 Sample volatility is evaluated by placing a filled,
weighed ampoule in the combustion chamber head with the
system at test temperature and pressure for 10 min. A weight
loss from the ampoule greater than 10 % after exposure
indicates that the volatility is sufficiently great to require
sealing.

9.1.7 Open the air inlet valve and allow the combustion
chamber to attain atmospheric pressure. Remove the seal cap
on the insertion rod guide and place the ampoule-insertion rod
inside the guide. Replace the seal cap.

9.1.8 Reestablish the temperature and pressure of the sys-
tem at the appropriate level and record the temperature and
pressure for at least 10 min to reaffirm that the system is free
of leaks.

9.1.9 Activate the electromagnet and rapidly move the
magnet forward to drive the insertion rod into the furnace and
smash the ampoule against the anvil affixed to the thermo-
couple support. Mark the start of test on the recorder. Withdraw
the insertion rod with magnet immediately after the sample has
been delivered. Perform this entire operation as quickly as
possible (no longer than 4 s).

9.1.10 Continue to record the temperature and other reac-
tion parameters of the combustion chamber for a minimum of
10 min after sample introduction or until there is no evidence
of continuing reaction within the system. Record the initial
equilibrium temperature as the test temperature.

9.1.10.1 Reactions are detected by the evolution of heat that
increases the temperature or pressure, etc., of the combustion
chamber in a characteristic manner depending on the type of
reaction. The measurement of temperature is presently the
principal method for following the reactions of the sample. A
pressure transducer, optical device, or other suitable detectors
may also be used.
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