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INTERNATIONAL
Standard Test Method for
Thermal Instability of Confined Condensed Phase Systems
(Confinement Test) *
This standard is issued under the fixed designation E 476; 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 epsilone] indicates an editorial change since the last revision or reapproval.

INTRODUCTION
This test method is one of several methods developed by Committee E-27 for determining the

hazards of chemicals. This test method is to be used in conjunction with other tests to characterize the
hazard potential of chemicals.

1. Scope indicating an exothermic reaction, that is, the sample is

1.1 This test methdds designed to determine the tempera-P€eginning to self-heat.
ture at which a chemical or mixture of chemicals, confined
initially as a solid or liquid in air or other controlled atmo- , i ) ) ,
sphere under normal laboratory conditions, will start a reaction, 3-1 The sample is confined in a specially designed vessel
generating appreciable heat when subjected to a programm@&“'pped with a shielded thermocouple. The test assembly is

temperature increase. This test method is also designed Ryt into a bath and equilibrated, usually at room temperature.
measure the magnitude and rate of heat generation. The bath is then heated at a constant temperature rise rate. The

1.2 This test method is for use with condensed phases. differential temperature (sample temperature minus bath tem-

1.3 This test method can be used over a temperature ranfiérature) in the vessel is recorded versus bath temperature.
from 0 to 500°C, and a pressure range of 0 to 5000 psi. eating is co_ntl_nyed until the dlaphragm_ bursts or the upper

1.4 As with any thermal stability test, proper safety precaufémperature limit is reached. The differential temperature curve

tions should be instituted to protect personnel. See also Sectidh, then analyzed to determine the threshold temperature for
6 initiation of measurable reaction as indicated by an exothermic

. 1.5 Limitations temperature rise.

1.5.1 The threshold temperature determined by this methog Significance and Use
may be higher than one determined by heating at a lesser rate. i

1.5.2 Samples of the same material having different thermal 4.1 The threshold temperature measured by this test method
histories may have different threshold temperatures. Is an indication of the thermal instability of a chemical or

1.6 This standard may involve hazardous materials, Opera_mixture of chemicals, qualitatively expressed by the tempera-
tions, and equipment. This standard does not purport tgure rise. There is a potential hazard whenever the temperature

address all of the safety problems associated with its use. It {§f the chemical exceeds the threshold temperature unless
the responsibility of the user of this standard to establishP"OPer design safeguards are utilized. This does not imply that
appropriate safety and health practices and determine thd€mperatures lower than the threshold temperature are safe.
applicability of regulatory limitations prior to use. Since this test is not an adiabatic typ'e and does not indicate the
effect of mass or time, other testing would be needed to
2. Terminology characterize the use or storage of the chemical at lower

2.1 threshold temperaturetemperature on thAT versusT ~ €mperatures. _
curve (see Fig. 2) where the slope changes in the direction 4.2 Because of rate and mass depeqdent factors, failure to
find evidence of an exothermic reaction does not ensure
_ _ o _ _thermal stability unless substantiated by other test methods.
* This test method is under the jurisdiction of CommitteeE27 onHazard Potential
of Chemicals and is the direct responsibility of Subcommittee E 27.02 on Therm
Stability. 3. Apparatus
Current edition approved Sept. 25, 1987. Published November 1987. Originally 5.1 Sample Container-A diagram of a suggested test cell
published as E 476 — 73. Last previous edition E 476 — 73 (£879) dassembly is shown in Fig. 3 and an engineering drawing is

2 This test method is a modification of the Thermal Stability Test recommende h in Fig. 4. Th bl hall ist of the followi
by the Interagency Chemical Rocket Propulsion Group, published by the Chemica'OWN IN FIg. 4. € assembly shaill consist o € rollowing

Propulsion Information Agency in May, 1964, and is the responsibility of E 27.02parts: basic test cell, sample thermocouple, compression fitting,
on Thermal Stability.

3. Summary of Method
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MODIFY ONE END OF 174" AN TUBE UNION AS SHOWN
{ PARKER 4HBTX-SS OR EQUIVALENT)

AT
Tl

BREAK CORNER

THERMAL STABILITY BOMB CONNECTOR

TABLE OF DIMENSIONS
IN. MM
DIMENSION TOLERANCE DIMENSION TOLERANCE
A 0.420 0.005 10.67 0.3
B 0.003 - 0.08 —
¢ 0363 29908 520 *9%
D 0.010 — 0.25 -
E 0.219 0.015 6.52 0.38
F 0.362 0.0I5 9.19 0.38
T il
(I SV
!—/ C H E F
-~ 1 - %
BURST DIAPHRAGM GASKET
304 STAINLESS STEEL 250 ALUMINUM

FIG. 1 Connector, Gasket, and Burst Diaphragm

a standard 8.5 by 11 iiX-Y plotter. Two recorders are required
if pressure versus bath temperature is monitored. Dual-pen
plotters are suitable, provided the temperature pens do not

EXOTHERM
{ THERMAL

2t EXPLOSION) interact at any critical junction of the reaction.

Y 5.2.2 The maximum reaction rates that can be followed
. N\ using the recommended instrumentation are limited by the
| THRESHOLD TEMPERATURE . . .-

Zl \ writing speeds of the mechanical writing recorders. When

ENDOTHERM (MELTING) these are calibrated as described in Section 8, rates of reaction
producing temperature changes of 5°C per s can be determined.
Certain reactions may cause temperature changes in excess of

DIFFERENTIAL TEMPERATURE

BATH TEMPERATURE ~ —— these. If more exact resolution for rapid reactions is desired, it
FIG. 2 Idealized Thermogram is necessary to use a recording oscillograph in place oihé:
recorder.

. . . . L 5.3 Low-Range Heating BathFor temperatures from 0 to
sealing ring, burst diaphragm, modified Army-Navy specifica-,_ ) o Lo
tion union (AN union), vent tube and flare fitting. Detailed 370°C the bath may be a conventional 2-L silicor? aiit with

dimensions of all parts are given in Fig. 4 with the exception OTheaters (1800 W), stirring motor, and temperature programmer.

those parts readily available from manufacturers. The parts ar-[ahe bath container shall be metal with strip heaters on the

listed in Table 1. The internal volume ofthe assembled test ceH’UtSide' The bath shall be vyeII insulated. Acoo_ling coil shall be
is approximatel)'/ 1.1 me4 wrapped around the container to reduce the time lost between

: tests (optional). The coolant shall be tap water. The nominal
5.2 Instrumentation . R .
5.2.1 One recorder is used for recording the differenceheainaira;;[_eRf;rr] tgeHbeeggnShaBlgstirt?elrg (e:rgti rrerglnﬁetween
between the sample temperature and the bath temperature a .and9500°C gbath of a?ow-meltin allg mav be emploved
function of bath temperature. A suitable recorder for this test i; . 9 y may p yed.
he bath medium may be cerrobend/Alloys or Woods’ metal
(Caution. Woods’ metal may contain cadmium and should be

s - _ _ used with adequate ventilation to remove toxic fumes). A

Apparatus of similar designs with a total volume of 1 to 10 mL can be used.
4 This revised test method, when used with its provision for optional pressure

measurement, is essentially similar to earlier versions of this in which pressure———————

measurement was an integral part. > Dow Corning 710 has been found satisfactory for this purpose.
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VENT TUBE of impact sensitivit§ has previously been made and has shown
sufficient insensitivity to permit powdering or compaction.
FLARE SLEEVE 6.3 Upon rupture of the diaphragm, noxious fumes may be
@ released into the laboratory. To prevent escape of the reaction
FLARE NUT products into the laboratory atmosphere, conduct tests either in
a fume hood or pipe the vent line to a suitable exhaust system.
~— TRANSDUCER 6.4 The bath of hot oil or molten metal may inadvertently be

spilled or ruptured and cause personnel burns or laboratory
fires. To prevent such accidents, the test unit should be located

) gggig? in a separate fume hood constructed of non-combustible
= materials. The use of a fluidized sand bath minimizes this
S particular hazard.

*\‘ 6.5 During the test, certain sensitive chemicals may deto-
= ~—— MODIFIED nate resulting in destruction of the basic test cell assembly and
—Ld= AN UNION possible destruction of the bath. Such violent reactions fre-

quently hurl fragments through the surroundings at high
A d N [B):JARPSJRAGM velocity with great danger to personnel. To prevent injury from
possible shrapnel, conduct tests in a barricaded enclosure or

behind a blast shield contained within a fume hood.

6.6 All controls and switches should be on the operator side
of the blast shield or enclosure so that during emergencies,
steps can be taken to turn off heaters and shut down the system
PRESSURE TUBE without exposing personnel to danger.

6.7 A loud report accompanies the rupture of a burst
diaphragm; this may cause accidents by startling personnel
engaged in other tasks. Although the use of fume hoods and

ALUMINUM GASKET

-————— BODY

blast shields muffles the sound, all nearby personnel should be
<——— COMPRESSION FITTING warned that the test is in progress prior to running the test.
<——————THERMOCOUPLE 6.8 Give th_ought to p_rocedures fc_>r coc_JIing. If water is to be
- used for cooling, care is needed since in most instances, the
FIG. 3 Thermal Stability Bomb Assembly temperatures of the bath will be much higher than the boiling

point of water.

6.9 In some cases the pressure may not be sufficient to burst
e pressure diaphragm. On cooling to room temperature, there
ay still be a high residual pressure in the test cell. Take care
in relieving pressure from the cell. The operator should be

400°C unless the bath is well protected from air currents. ; - ;
. - rotected by a shield and have protective covering for eyes,
5.5 Full-Range Heating Bath-A fluidized sand bath grms and hgnds ! vep v vering Y

equipped with vacuum dust ring may be conveniently used for

the full range of temperatures. However, without additional Nore 1—It would be judicious to insert a suitably pressure-rated valve

heaters, it appears that commercial units are designed for & the cell to allow a controlled venting of pressure. Cracking of the union

heatup ’rate of about 5°C per min nut may allow gas-saturated liquid contents to rapidly leave the cell.
5.6 Warning—Coiled electric heaters may cause electrical7 Test Sample

interference with electronic measuring equipmedt, record- 7.1 Itis recommended that a sample weight of 0.3 g be used.

ers can pick up stray currents unless shielded thermocoup. ; .
S e sample size has been chosen so that the thermal expansion
leads are used and shielding, bath and recorders are grounde, )

of'most substances will not cause the sample volume to exceed

to a common ground potential. the volume of the cell. In cases where thermal expansion is a
problem, lower weights of sample may be used and reported.

6. Safety Preca.ut|ons ) ) 7.2 Solid samples should be powdered. A particle size of 50
6.1 After placing the sample in the test cell, exercise cautionnesh or smaller is preferred.

to ensure that the threaded parts of the apparatus are clean

before final assembly. For some sensitive materials, sampfe Procedure

material caught in the threads may detonate and may set off the 8.1 Review Section 6 carefully before proceeding.

bulk of the sample in the test vessel. Serious injury to 8.2 Calibrate theX-Y recorder with a potentiometer from O

personnel may result. to 500°C on theX-axis. Calibrate the differential temperature
6.2 It may be necessary to powder the sample (see 7.2) drace to 10°C per 25 mm or 10°C per in. on theaxis. Offset

since the packing density of solids varies over a wide range, tthe base line for a 20°C endothermic deflection.

compact the sample in the cell. These operations may be

hazardous and should not be performed unless a determination® An ASTM Standard for determining impact sensitivity is under development.

temperature programmer is also employed with the metal batiinh
The nominal heating rate for the metal bath is 8 to 10°C pe
min. This heating rate may prove difficult to maintain above
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FIG. 4 Bomb Body Structural Diagram
TABLE 1 Parts List
Item Required Possible Vendor
1 Bomb body, 316 SS 1 none (see Fig. 3 and Fig. 4)
2 Thermocouple, Y16 in. IC ungrounded, SS sheath, min. sheath length 6 in. 2 Thermoelectric Co.; Omega Engineering, Inc.
MLP plug
3 Compression fitting, Y1e-in. (nut, 2 ferrules) 1 Crawford Fitting Co.
4 Gasket, 1100-0 aluminum, %z2-in. by 0.362 in. 1
5 Burst diaphragm, 0.003-in. 304SS, 0.363 in. 1
6 Modified AN 815-4 Union 1 AN 815-4 Union can be purchased from various companies.
Modification can be performed in-house.
7 Vent tube, ¥-in. copper, SS, etc., 36 in. long 1 varied
8 Flare nut, sleeve, ¥4-in. (AN 818, AN 819-4) 1 varied
9 Stainless steel bristle ¥a-in. size cleaning brush 1 Schaefer Brush Manufacturing Co., 117 W. Walker St.,

Milwaukee, WI 53204

8.3 Seal the clean, basic test cell at the bottom with thévath is being used. Review all safety precautions. Equilibrate
1.61-mm {1e-in.) thermocouple and compression fitting. Ex- the test cell for 10 min. at the desired starting temperature. Turn
tend the thermocouple tip about 10 mm (0.4 in.) into the tesbn the recorder. Start the programmer to maintain a heating rate
cell interior. Clamp the unit upright in a vise or other supportof 8 to 10°C per min. Continue the test until the diaphragm
and charge with 0.3 g sample (see Section 7). Keep threadmirsts or the upper temperature limit is reached (for most
clean and remove any material that may be on them beforerganic chemicals an upper limit of 350 to 400°C will suffice).
proceeding (see 6.1 and 6.2). Put into place the sealing ringtop heating.
burst diaphragm, and modified AN union, and tighten to 8.5 Start the cooling units (see 5.3 and 6.8). Monitor the
complete the initial assembly. temperature during the cooling cycle. Cool the test cell to room

8.4 Place the heating bath in a blast enclosure or behind mperature if the diaphragm has not burst (see 6.9). Put on eye
blast shield contained within a fume hood (see 6.3 to 6.6)protection and protective gloves and clothing for hands and
Support the test assembly in the heating bath so that the bodyms. Remove the cell from the bath but not from the blast
is completely below the surface of the heating mediumenclosure. Relieve residual pressure from the cell by loosening
Support the vent tube with a clamp. Position the blast shieldthe AN union slowly (see 6.9). Disassemble the cell when
Warn nearby personnel (see 6.7). Turn on the stirrer if an oipressure has equalized.
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8.6 Some residue will remain in the test cell after a run. This
can be cleaned from the main body of the cell by means of a
6 mm (/2 in.) stainless steel bristle brush.

—_—

9. Interpretation of Results
9.1 An idealized curve is illustrated in Fig. 2. The thermal

THERMAL
EXPLOSION

GAS EXPANSION

PRESSURE

curve shows endothermic reactions as negative peaks and < THRESHOLD
exothermic reactions as positive peaks in a manner analogous TEMPERATURE

to DTA (differential thermal analysis) curves. Exothermic ATH TEMPERATURE
reactions arise from a variety of sources. Frequently, succes- FIG. 5 Idealized Pressure Response

sive or simultaneous reactions will yield overlapping peaks.

9.2 The lowest temperature at which an exothermic deflec-
tion is observed is the threshold temperature as defined by this 10.1.1 Sample identification and description that includes
test method. Other testing should be done before storage o, . . . "

) . . : name, structure, history, weight used, purity, known additives,

processing at this temperature is considered.

9.3 Always give consideration to the potential Catalyticetc" - )
effect of materials of construction. These can be evaluated by 10-1.2 Composition and pressure of the starting atmosphere
simple equipment modifications. Impurities in the sample mayithin the test chamber,
also have a large effect on the test results and should be 10.1.3 Instrument parameters including heating rate, tem-
considered. perature range, calibration factors of differential temperature

9.4 The recommended heating rate is 8 to 10°C/min. and theensitivity, and maximum reliable rate sensitivity of the re-
recommended sample size is 0.3 g. A higher heating rate wikkorder, and

result in higher threshold temperatures. 10.1.4 Threshold temperature as obtained from AW
10. Report versus T curve as the temperature of departure from the
10.1 The report shall include the following: baseline. PealT and rating of pressure disk (if burst).
ANNEX

(Mandatory Information)

Al.

Al.1 A variation of this test method has been used toof mixtures of solutions is especially advantageous since
measure decomposition pressures associated with thermiaighly exothermic materials, which do not generate high
decomposition reactions. For this purpose, the basic cell ipressures by themselves, can create high pressures by vapor-
modified as shown in Fig. 3 and Fig. 4. An idealized pressurezing associated materials such as solvents. The temperature
trace is shown in Fig. 5. curve alone might be misinterpreted to mean that dilution

AL.2 Performance of this variation requires the use of areduces the hazard since the differential temperature peak is

second recorder to monitor pressure as a function of batﬁeduced relative to that for undiluted material. This misinter-

temperature; alternatively, dual-p¥rY Yrecording equipment pretation can lead to dangerous practices. The situation may
may be used. arise when there will be a large increase in pressure with very

. , . . I{'ttle change in temperature because thermal expansion of the
The pressure curve is used to confirm the interpretation o d oh fth | ds th | fth I Th
the thermal curve and to yield information as to the nature o*'qu' phase ot the sampie exceeds the volume ot the Cetl. The

the reaction and the relative severity of the hazard. ThéeSUIt will be a sudden hydrostatic pressure rise which may

instantaneous rate of pressure rigp/¢l), neglecting lags, may bL_Jrst the d|aphr§gm. In this case the test should be repeated
be obtained from the pressure curve at any given batM/ith & lesser weight of sample.

temperature since the heating rate is known. The correspondingy ... A1.1—Samples having a low density or high coefiicient of
sample temperatures may be obtained from the thermal curVgermal expansion may produce a significant pressure change with little
Materials that show high rates of pressure rise are generalhange in temperature.

more hazardous than those with lower rates having comparablenor: A1.2—This procedure is not designed to determine the actual
threSh_0|d temperatures. Comparative _teSt information W'Ubressure rise as a function of temperature. Pressure generation frequently
materials of known hazardous properties can be helpful iccurs under prolonged exposures at lower temperatures than that at
establishing qualitative classifications. Recording of pressurenhich pressure is first detected in this experimental method.
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The ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item
mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights,
and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



