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INTRODUCTION

This flash point and fire point test method is a dynamic method and depends on definite rates of
temperature increases to control the precision of the method. Its primary use is for viscous
materials having flash point of 79°C (175°F) and above. It is also used to determine fire point which
is a temperature above the flash point, at which the test specimen will support combustion for a
minimum of 5 s. Do not confuse this test method with Test Method D 4206 which is a sustained

burning test, open cup type, at a specific temperature of 49°C (120°F).

1. Scope

1.1 This test method describes the determination of the
flash point and fire point of petroleum products by a manual
Cleveland open cup apparatus or an automated Cleveland
open cup apparatus.

NoTE |—The precisions for fire point were not determined in the
current interlaboratory program. Fire point is a parameter which is not
commonly specified, although in some cases, knowledge of this flamma-
bility temperature may be desired.

1.2 This test method is applicable to all petroleum prod-
ucts with flash points above 79°C (175°F) and below 400°C
(752°F) except fuel oils.

Note 2—This test method may occasionally be specified for the
determination of the fire point of a fuel oil. For the determination of the
flash points of fuel oils, use Test Method D 93. Test Method D 93
should also be used when it is desired to determine the possible presence
of small, but significant, concentrations of lower flash point substances
which may escape detection by Test Method D 92. Test Method D 1310
can be employed if the flash point is known to be below 79°C (175°F).

1.3 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for informa-
tion only.

1.4 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

! This test method is under the joint jurisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcom-
mittee D02.08 on Volatility. In the IP, this test method is under the jurisdiction of
the Standardization Committee.
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hazard statements, see Note(s) 2, 4, 11, 13, 14, 17, 19, and
20.

2. Referenced Documents

2.1 ASTM Standards.

D93 Test Method for Flash Point by Pensky-Martens
Closed Tester?

D 140 Practice for Sampling Bituminous Materials?

D 1310 Test Method for Flash Point and Fire Point of
Liquids by Tag Open-Cup Apparatus*

D 4057 Practice for Manual Sampling of Petroleum and
Petroleum Products®

D 4177 Practice for Automatic Sampling of Petroleum and
Petroleum Products®

D 4206 Test Method for Sustained Burning of Liquid
Mixtures Using the Small Open Cup Apparatus®

E 1 Specification for ASTM Thermometers’

E 300 Practice for Sampling Industrial Chemicals®

2.2 IP Standard:

Specifications for IP Standard Thermometers®

2.3 ISO Standards:"°

Guide 34 Quality Systems Guidelines for the Production
of Reference Materials

Guide 35 Certification of Reference Material—General
and Statistical Principles

2 Annual Book of ASTM Standards, Vol 05.01.
3 Annual Book of ASTM Standards, Vol 04.03.
* Annual Book of ASTM Standards, Vol 06.01.
3 Annual Book of ASTM Standards, Vol 05.02.
¢ Annual Book of ASTM Standards, Vol 06.01.
7 Annual Book of ASTM Standards, Vol 14.03.
8 Annual Book of ASTM Standards, Vol 15.05.
9 Available from the Institute of Petroleum, 61 New Cavendish St., London,
WIM 8AR, UK.

10 Available from American National Standards Institute, 11 W. 42nd St,, 13th
Floor, New York, NY 10036.
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3. Terminology

3.1 Definitions:

3.1.1 dynamic, adj—in petroleum products, the condition
where the vapor above the test specimen and the test
specimen are not in temperature equilibrium at the time that
the ignition source is applied.

3.1.1.1 Discussion—This is primarily caused by the
heating of the test specimen at the constant prescnbed rate
with the vapor temperature lagging behind the test specimen
temperature.

3.1.2 fire point, n—in petroleum products, the lowest
temperature corrected to a barometric pressure of 101.3 kPa
(760 mm Hg), at which application of an ignition source
causes the vapors of a test specimen of the sample to ignite
and sustain burning for a minimum of 5 s under specified
conditions of test.

3.1.3 flash point, n—in petroleum products, the lowest
temperature corrected to a barometric pressure of 101.3 kPa
(760 mm Hg), at which apphcatlon of an 1gmt10n source
causes the vapors of a specimen of the sample to ignite under
specified conditions of test.

3.1.3.1 Discussion—The test specimen is deemed to have
flashed when a flame appears and instantaneously propa-
gates itself over the entire surface of the test specimen.

3.1.3.2 Discussion—When the ignition source is a test
flame, the application of the test flame can cause a blue halo
or an enlarged flame prior to the actual ﬂash point. This is
not a flash point and shall be ignored.

4. Summary of Method

4.1 Approximately 70 mL of test specimen is filled into a
test cup. The temperature of the test specimen is increased
rapidly at first and then at a slower constant rate as the flash
point is approached. At specified intervals a test flame is
passed across the cup. The flash point is the lowest liquid
temperature at which application of the test flame causes the
vapors of the test specimen of the sample to ignite. To
determine the fire point, the test is continued until the
application of the test flame causes the test specimen to
ignite and sustain burning for a minimum of 5 s.

5. Significance and Use

5.1 The flash point is one measure of the tendency of the
test specimen to form a flammable mixture with air under
controlled laboratory conditions. It is only one of a number
of properties that should be considered in assessing the
overall flammability hazard of a material.

5.2 Flash point is used in shipping and safety regulations
to define flammable and combustible materials. Consult the
particular regulation involved for precise definitions of these
classifications.

5.3 Flash point can indicate the possible presence of
highly volatile and flammable materials in a relatively non-
volatile or nonflaimmable material. For example, an abnor-
mally low flash point on a test specimen of engine oil can
indicate gasoline contamination.

5.4 This test method shall be used to measure and
describe the properties of materials, products, or assemblies
in response to heat and a test flame under controlled labora-
tory conditions and shall not be used to describe or appraise
the fire hazard or fire risk of materials, products, or assem-

blies 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.

5.5 The fire point is one measure of the tendency of the
test specimen to support combustion.

6. Apparatus

6.1 Cleveland Open Cup Apparatus (manual)—This appa-
ratus consists of the test cup, heating plate, test flame
applicator, heater, and supports described in detail in the
Annex Al, The assembled manual apparatus, heating plate,
and cup are illustrated in Figs. 1, 2, and 3, respectively.
Dimensions are listed with the figures.

6.2 Cleveland Open Cup Apparatus (automated)—This
apparatus is an automated flash point instrument that shall
perform the test in accordance with Section 11 Procedure.
The apparatus shall use the test cup with the dimensions as
described in Annex Al and the application of the test flame
shall be as described in Annex Al.

6.3 Temperature Measuring Device—A thermometer
having the range as shown below and conforming to the
requirements prescribed in Specification E1 or in the
Specifications for IP Standard Thermometers, or an elec-
tronic temperature measuring device, such as a resistance
thermometer or thermocouple. The device shall exhibit the
same temperature response as the mercury thermometers.

Thermometer Number

Temperature Range ASTM IP
—6 to +400°C 11C 28C
20 to 760°F 1lF

6.4 Test Flame—Natural gas (methane) flame and bottied
gas (butane, propane) flame have been found acceptable for
use as the ignition source. The gas flame device is described
in detail in Annex Al.

NOTE 3: Warning—Gas pressure supplied to the apparatus must not
be allowed to exceed 300 mm (11.8 in.) of water pressure.

NoTE 4—A shield, of the approximate dimensions 460 mm (18 in.)
square and 610 mm (24 in.) high, or other suitable dimensions, and
having an open front is recommended to prevent drafts from disturbing
the vapors above the test cup.

7. Reagents and Materials

7.1 Cleaning Solvents—Use suitable technical grade sol-
vent capable of cleaning out the test specimen from the test
cup and drying the test cup. Some commonly used solvents
are toluene and acetone.

NoOTE 5: Warning—Toluene, acetone, and many solvents are flam-

mable. Health hazard. Dispose of solvents and waste material in
accordance with local regulations.

7.2 Verification Fluid—(to be determined).

Note 6—The Coordinating Committee on Flash Point S15 is
currently evaluating suitable material for use as verification fluids.

8. Sampling

8.1 Obtain a sample in accordance with the instructions
given in Practices D 140, D 4057, D 4177 or E 300.

8.2 At least 70 mL of sample is required for each test.
Refer to Practice D 4057.

8.3 Erroneously high flash points may be obtained if
precautions are not taken to avoid the loss of volatile
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I £1 HEATING PLATE
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A ORIFICE

METAL BEAD

HEATER FLAME TYPE
OR ELECTRIC RESISTANCE TYPE

millimetres inches

min max min max
A—Diameter 3.2 4.8 0.126 0.189
B—Radius 152 nominal 6 nominal
C—Diameter 1.6 nominal 0.063 nominal
D 2 0.078
E 6 7 0.236 0.276
F—Diameter 0.8 nominal 0.031 nominal

FIG. 1 Cleveland Open Cup Apparatus

material. Do not open containers unnecessarily; this will it is at least 56°C (100°F) below the expected flash point
prevent loss of volatile material and possible introduction of  before transferring.

moisture. Do not make a transfer of the sample unless the
sample temperature is at least 56°C (100°F) below the
expected flash point. When possible, flash point should be

the first test performed on a sample and the sample should F
be stored at low temperature.

Note 7—Typical sample storage temperature is normal room tem- I 2 |
perature or lower. o

8.4 Do not store samples in plastic (polyethylene, ¢ ! A
polypropylene, etc.) containers, since volatile material may 77 7 i X 777777,
diffuse through the walls of the enclosure. Samples in leaky NN i NN
containers are suspect and not a source of valid results. | ]

8.5 Light hydrocarbons may be present in the form of / 8 I
gases, such as propane or butane and may not be detected by METAL T:SESLM:%'ON
testing because of losses during sampling and filling of the - )
test cup. This is especially evident on heavy residuums or min milimetres max min inches max
asphalts from solvent extraction processes.

8.6 Samples of very viscous materials can be warmed until g g 5 : 0 3’520 g'ggg
they are reasonably fluid before they are tested. However, no ¢ Y 7 0.236 2.276
sample shall be heated more than is absolutely necessary. It EEJ—gjamett:: ggs 385 g;gg g.;gg
shall never be heated above a temperature of 56°C (100°F) ——iame : : : -
below its expected flash point. When the sample has been F—Diameter 148 158 5748 6260

I .
heated above this temperature, allow the sample to cool until FIG. 2 Heating Plate D ocuments
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