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Determining Vapor Pressure by Thermal Analysis
This standard is issued under the fixed designation E1782; 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 describes a procedure for the determi-
nation of the vapor pressure of pure liquids or melts from
boiling point measurements made using differential thermal
analysis (DTA) or differential scanning calorimetry (DSC)
instrumentation operated at different applied pressures.

1.2 This test method can be used for the temperature range
273 K to 773 K (0 °C to 500 °C) and for pressures between
0.2 kPa to 2 MPa. These ranges may differ depending upon the
instrumentation used and the thermal stability of materials
tested. Because a range of applied pressures is required by this
test method, the analyst is best served by use of instrumenta-
tion referred to as high pressure differential thermal instrumen-
tation (HPDSC or HPDTA).

1.3 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard. (See also IEEE/ASTM SI 10.)

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, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.5 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*
E177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods

! This test method is under the jurisdiction of ASTM Committee E37 on Thermal
Measurements and is the direct responsibility of Subcommittee E37.01 on Calo-
rimetry and Mass Loss.
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E473 Terminology Relating to Thermal Analysis and Rhe-
ology

E691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

E967 Test Method for Temperature Calibration of Differen-
tial Scanning Calorimeters and Differential Thermal Ana-
lyzers

E1142 Terminology Relating to Thermophysical Properties

E2071 Practice for Calculating Heat of Vaporization or
Sublimation from Vapor Pressure Data

E3142 Test Method for Thermal Lag of Thermal Analysis
Apparatus

IEEE/ASTM SI 10 Standard for Use of the International
System of Units (SI) The Modern Metric System

3. Terminology

3.1 Definitions:

3.1.1 The following terms are applicable to this test method
and can be found in either Terminology E473 or Terminology
E1142: boiling pressure, boiling temperature, differential scan-
ning calorimetry (DSC), differential thermal analysis (DTA),
vapor pressure, vaporization point, vaporization temperature.

3.2 Symbols:

3.2.1 A, B, C—Antoine vapor pressure equation (1)* con-
stants (log;,, kPa, K):

Antoine vapor pressure equation: Log,,P = A — B/(T+C)

where:

P = vapor pressure, kPa,
T = temperature, K, and
A, B, and C = constants.

4. Summary of Test Method

4.1 In thermal analysis, a physical property of a material is
measured either as a function of time at a specified constant
temperature, or more frequently, as a function of temperature
under conditions of a fixed rate of temperature change. The
measured property is the dependent variable and the measured
temperature is the independent variable. A specimen in an
appropriate container is heated at a constant rate within a DTA
or DSC instrument operated under an applied constant vacuum/

3 The boldface numbers in parentheses refer to a list of references at the end of
this standard.
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pressure between 0.2 kPa and 2 MPa until a boiling endotherm
is recorded. Boiling is observed at the temperature where the
specimen partial pressure equals the pressure applied to the test
chamber. The pressure is recorded during observation of the
boiling endotherm and the boiling temperature is recorded as
the extrapolated onset temperature. This measurement is re-
peated using new specimens for each of five or more different
pressures covering the pressure range of interest. The pressure-
temperature data are fitted as Log,, P and 1/T (K™') to the
Antoine vapor pressure equation (see Fig. 1). Vapor pressure
values required for specific reports are then computed from the
derived equation.

4.2 The capability of the assembled system after calibration
shall be periodically checked by using this test method on high
purity water as a reference substance and comparing the
derived vapor pressure data with the NBS/NRC steam tables
attached as Appendix X1. For pressures below 5 kPa, operation
of the assembled system may be checked using 1-octanol (2).
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5. Significance and Use
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5.1 Vapor pressure is a fundamental thermophysical prop- e

erty of a liquid. Vapor pressure data are useful in process C
design and control, in establishing environmental regulations
for safe handling and transport, for estimation of volatile
organic content (VOC), and in deriving hazard assessments.
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Note 1—*A”, DSC/DTA instrument; “B,” pressure transducer; “C,
© measured data points ] “pressure/vacuum source; “D,” pressure stabilizer; “E,” pressure regula-
tor; and “F,” relief valve.

[ — Antoine equation fit ] FIG. 2 Schematic of Apparatus
2.00 A = 6.168057E00 .
- B = 1.397231E03 -

C = -4.809697E01

Vapor pressure and boiling temperature data are required for
Safety Data Sheets (SDS). The enthalpy of vaporization may
also be estimated from the slope of the vapor pressure curve
(see Practice E2071).
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6. Interferences
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6.1 This test method involves the continuous monitoring of
the specimen temperature within the test chamber’s enclosed
environment of a flowing, static, or self-generated gaseous
- atmosphere (or vacuum) during execution of the stipulated
procedure. In DSC and DTA apparatus, the temperature sensor
utilized to measure the specimen temperature is not in direct
contact with the specimen but is in fixed close thermal contact
assumed to be representative of the specimen, such that the
measured temperature is that of the temperature sensor itself
and the actual specimen temperature will lag behind this
measured temperature during heating or cooling. The magni-
] tude of this temperature offset depends upon a number of
systematic and random factors including but not limited to type
and size of sensor, rate of temperature change, size and thermal
o8Ol et e e e conductance of the specimen, specimen container, and tem-

0.0026 0.0027 0.0028 0.0029 0.0030 0.0031 0.0032 perature Sensor, and the interfacial contact resistances between
the temperature sensor and the specimen container and be-
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/T, K? tween the specimen and the specimen container during the
FIG. 1 Vapor Pressure Curve with Experimental Data and An- measurement. To obtain the correct specimen temperature, the
toine Equation Fit DSC or DTA apparatus must. be tenﬂwu ments:
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equivalent experimental conditions so that the recorded tem-
perature correctly indicates the specimen temperature.

6.2 Temperature sensors are subject to degraded perfor-
mance with age and exposure to the DSC or DTA test chamber
atmosphere. It is therefore imperative that the apparatus is
temperature calibrated regularly.

6.3 This test method is limited to materials that exhibit a
single sharp boiling endotherm under the conditions outlined in
this test method.

6.4 Oxidation, pyrolysis, or polymerization of condensed
organic materials retained at temperatures above their ambient
boiling point may be encountered at elevated pressures. This is
observed as an exotherm or a significantly broadened
endotherm, or both, and shall not be considered a valid
pressure-temperature datum point. Use of an inert gas for
elevated pressures or for back-filling after evacuation of the
sample chamber is recommended to minimize the risk of
oxidation.

6.5 Partial blockage of the pinhole in the DSC container can
occasionally be encountered. This may be observed as noise
spikes on the boiling endotherm and shall not be considered a
valid pressure-temperature datum point

7. Apparatus

7.1 Differential Scanning Calorimeter (DSC) or Differential
Thermal Analyzer (DTA)—Multiple generations of differential
scanning calorimeters and differential thermal analyzers from
numerous commercial suppliers, as well as in-house custom
apparatus, utilizing a variety of temperature and heat flow
sensors in various configurations may be available to the user.
While all such apparatus capabilities may not be equivalent, for
purposes of this test method, any DSC or DTA instrumentation
that meets the following criteria should be able to generate
acceptable results.

7.1.1 The essential equipment required to provide the mini-
mum instrument capability of this test method includes (see
Fig. 2):

7.1.1.1 DSC/DTA Test Chamber, composed of a furnace(s)
to provide uniform controlled heating of a specimen and
reference at a constant rate within the 273 K to 773 K
temperature range of this test method; a temperature sensor to
provide an indication of the specimen/furnace temperature to
+0.01 K; a differential sensor to detect a difference (tempera-
ture or heat flow) between the specimen and reference equiva-
lent to 5 mW; and a means of sustaining an inert gas or vacuum
test chamber environment at pressures above and below
ambient.

7.1.1.2 Temperature Controller, capable of executing a
specific temperature program by operating the furnace(s)
between selected temperature limits to *=1 K at a rate of
temperature change of 5 K/min constant within *1 %.

7.1.1.3 Recording Device, to provide a means of acquiring,
storing and displaying measured or calculated signals or both.
The minimum output signals are heat flow, temperature and
time.

7.1.2 Pressure/Vacuum System, consisting of:
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7.1.2.1 A pressure vessel, or similar means of sealing the
test chamber at any applied absolute pressure within the 0.2
kPa to 2 MPa range of this test method.

7.1.2.2 Source of Pressurized Gas, or vacuum capable of
sustaining a regulated inert gas pressure to the test chamber of
between 0.2 kPa and 2 MPa.

7.1.2.3 Pressure Transducer(s), to measure the pressure in
the test chamber to within 1 % including any temperature
dependence of the transducer(s) over the range of 0.2 kPa to
2 MPa.

Note 1—Distance (or dead volume) between the pressure transducer
and the specimen in the test chamber should be minimized to ensure
accurate recording of the pressure at the time of boiling.

7.1.2.4 Pressure Regulator, or similar device to adjust the
applied pressure in the test chamber to =2 % of the desired
value.

7.1.2.5 Ballast, or similar means to maintain the applied
pressure in the test chamber constant to =1 %.

7.1.2.6 Valves, to control delivery of the inert gas/vacuum to
the test chamber or to isolate components of the pressure/
vacuum system, or both. Valves shall be rated in excess of the
2 MPa upper pressure limit of this test method.

7.1.3 Containers, (pans, capillary tubes, etc.) that are inert
to the specimen and reference materials and which are of
suitable structural shape and integrity to contain the specimen
and reference in accordance with the following specific re-
quirements:

7.1.3.1 It is imperative that the containers used in this test
method are capable of retaining the specimen in a manner that
minimizes specimen loss through vaporization prior to boiling
and that promotes the development of vapor-liquid equilibrium
at boiling. When both conditions are met a sharp endotherm
with minimal baseline curvature at the onset will be observed.

Note 2—Studies by ASTM task group E37.01.05 and others (3-5) have
determined glass cylindrical containers of 2 mm to 4 mm inside diameter
by 25 mm long are suitable for thermocouple inserted style DTA
instruments; and a hermetic sealable pan (approximately 40 uL vol) with
a single pinhole in the center of the lid is suitable for DSC instruments
with nominal heating rates of 5 K/min. Use of a progression of pinhole
sizes ranging from approximately 50 um to 350 pm is recommended in
order to retain boiling endotherm sharpness over the full pressure range of
this method. Typically, the sharpest boiling endotherm for a sample will be
produced at atmospheric pressure with a small (50 um to 75 um) pinhole.
As pressure is reduced, increasingly larger pinholes should be used to
minimize endotherm broadening. Use of large pinholes (350 pum) at
pressures as low as 0.2 kPa has been shown to produce boiling endotherms
of comparable sharpness to atmospheric pressure endotherms. Use of
heating rates other than 5 K/min are not recommended for this test
method. Higher rates may result in some self-pressurization of the
specimen and lesser rates will extend measurement times and will tend to
promote preboiling vaporization.

7.2 Auxiliary equipment considered useful in conducting
this test method include:

7.2.1 A coolant system that can be coupled directly with the
controller to the furnace to hasten its recovery from elevated
temperatures or to sustain a subambient temperature to within
*1 K of a lower limit temperature.

7.2.2 A balance to weigh specimens or specimen containers,

or both, to =0.1 mg. Documents
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