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Volatility Rate by Thermogravimetry
This standard is issued under the fixed designation E 2008; 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 epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope E 177 Practice for Use of the Terms Precision and Bias in

1.1 This test method covers procedures for assessing the ASTM Test Methods .
volatility of solids and liquids at given temperatures using E 473 Terminology Related to Thermal Analysis
thermogravimetry under prescribed experimental conditions. E 691 Practice for Conducting an Interlaboratory Study to
Results of this test method are obtained as volatility rates _D€términe the Precision of a Test Method _
expressed as mass per unit time. Rates5 pg/min are E 1142 Terminology Relating to Thermophysical Properties
achievable with this test method. E 1582 Practice for Calibration of Temperature Scale for
1.2 Temperatures typical for this test method are within the _Thermogravimetry . o
range from 25°C to 500°C. This temperature range may differ E 1860 Test Method for Elapsed Time Calibration of Ther-
depending upon the instrumentation used. mal Analyzers o
1.3 This test method is intended to provide a value for the E 2040 Test Method for Mass Scale Calibration of Thermo-
volatility rate of a sample using a thermogravimetric analysis ~ 9ravimetric Analyzers
measurement on a single representative specimen. It is t ;
responsibility of the user of this test method to determine th'e?' Termln.ollo.gy
need for and the number of repetitive measurements on fresh 3-1 Definitions _ _
specimens necessary to satisfy end use requirements. 3.1.1 The foIIow!ng term_s are _apphcable to this test method
1.4 Computer- or electronic-based instruments, technique&nd can be found in Terminologies E 473 and E 1142:

or data treatment equivalent to this test method may also be 3-1.1.1 thermogravimetric analysis (TGA),
used. 3.1.1.2 thermogravimetry (TG),

3.1.1.3 volatility.

Note 1—Users of this test method are expressly advised that all such 3 2 Definitions of Terms Specific to This Standard:
instruments or techniques may not be equivalent. It is the responsibility of 3.2.1 volatility rate—the rate of conversion of a solid or
the user of this test method to determine the necessary equivalency prigr ~: " . . .

ﬂqmd substance into the vapor state at a given temperature;

to use.
. . mass per unit time.
1.5 The values stated in Sl units are to be regarded as the P

standard. 4. Summary of Test Method

1.6 This standard does not purport to address all of the 4 1 A solid or liquid specimen is confined in an appropriate
safety concerns, if any, associated with its use. It is thgnainer with a pinhole opening between 0.33 and 0.38 mm.
responsibility of the user of this test method to establishrhe confined specimen is heated within a thermogravimetric
appropriate safety and health practices and determine theynayzer either to a temperature and held constant at that
applicability of regulatory limitations prior to use. temperature for a fixed interval of time (Method A, Fig. 1) or
at a slow constant heating rate between temperature limits
(Method B, Fig. 2). The mass of the specimen is measured

2.1 ASTM Standards? continuously and it or its rate of change is displayed as a

function of time or temperature. The volatility rate at any

* This test method is under the jurisdiction of ASTM Committee E37 on Thermaltemper_atl_Jre is reported either as the av_erage rate of mass loss
Measurements and is the direct responsibility of Subcommittee E37.01 on Tedd€r Unit time from Method A or as the instantaneous rate of

Methods and Recommended Practices. mass loss (first derivative) per unit time from Method B.
Current edition approved Feb. 1, 2004. Published March 2004. Originally

approved in 1999. Last previous edition approved in 1999 as E 2008-99.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or

contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM

Standardsolume information, refer to the standard’s Document Summary page on

the ASTM website.

2. Referenced Documents
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water at 323 K; 0.33 mm pinhole; 5.285 mg; nitrogen purge at 100 mL/min
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FIG. 1 Method A: R = Average Volatility Rate
5. Significance and Use Method A (see Fig. 3). In such cases the volatility rate is not

5.1 \olatility of a material is not an equilibrium thermody- constant and shall not be reported as a singular value.
namic property but is a characteristic of a material related to g Apparatus
thermodynamic property which is vapor pressure. It is influ- 71 Th tial inst tati ired t ide th
enced by such factors as surface area, temperature, particle’ € essential instrumentation requiréd 1o provide the
size, and purge gas flow rate: that is, it is diffusion controlleg Mnimum thermogravimetric analytical capability for this test
5.2 The extent of containment achieved for specimens iﬁ“‘ﬁ"f '/erI,UdeS'b | d of
this test method by means of a pinhole opening between 0.33 -~ ermobajancecomposed of. .
to 0.38 mm allows for measurement circumstances that are 7'1'1:1 Afurnace to provide uniform controlled heating of
relatively insensitive to experimental variables other tharft SPecimen at a constant temperature or at a constant rate
temperature. Decreasing the extent of containment by use g\pthm the applicable temperature range of .th's. test method;
pinholes larger than 0.38 mm will increase the magnitude of 7'1.'1'2 /}Atemper(ta\ture sert\soto:tgrcl)(\{lde an indication of the
the observed rate of mass loss but will also reduce thépscirgesn :rnacs emplera ure di ,I ¢ th
measurement precision by increasing the sensitivity to varia- ‘"=~ continuously recor inba ance to measure the
tions in other experimental variables. specimen mass with a minimum capacity of 100 mg and a

5.3 Results obtained by this test method are not strictlfegsl't'i"iygfilo ug;f inina th . / . q
equivalent to those experienced in processing or handling, "~~~ ™ means of sustaining the specimen/container under

conditions but may be used to rank materials for their volatilityf tmr?sppt;gcgc;;)ntrolpf Inert gas (nltrogefnéohellulrgb anS/ S0

in such circumstances. Therefore, the volatility rates deterfo"t ) 0 -9 % purity at a purge rate o to mL/min
. ; . . +5 0.

mined by this test method should be considered as index values

only. Note 2—Excessive purge rates should be avoided as this may intro-

5.4 The volatility rate may be used to estimate such quanduce interferences due to turbulence effects and temperature gradients.
tifiable values as drying interval or the extent of volatile release 7.1.2 A temperature controller capable of executing a

from a process. specific temperature program by operating the furnace between
selected temperature limits at a rate of temperature change of
6. Interferences 1 to 2 K/min constant to within=0.1 K/min or to rapidly heat

6.1 Specimens that consist of a mixture of two or morea specimen at a minimum of 50 K/min to an isothermal
volatile components or that undergo decomposition during thisemperature that is maintained constanttt K for a mini-
test may exhibit curvature in the mass loss versus time plot ofnum of 30 min.
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water at 2 K/min; 0.38 mm pinhole; 4.762 mg; nitrogen at 100 mL/min
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FIG. 2 Method B: R ,= Instantaneous Volatility Rate

7.1.3 Arecording deviceeither analog or digital, capable of ~ 7.2.3 Micropipette or syringe to deliver liquid specimens of
recording and displaying any fraction of the specimen mas4& to 30 pL into the containers.
signal (TGA curve), including the signal noise versus time or8 S i
temperature. - =ampling

7.1.4 Sealable containergpans, crucibles, and so forth), 8.1 Samples are ordinarily measured as received. If a
that are inert to the specimen, that will remain gravimetricallyPretreatment is applied to any specimen, this treatment shall be
stable within the temperature limits of this test method, andoted in the report.

that contain a pinhole in the lid of diameter between 0.33 and 8.2 Since the applicable samples may be mixtures or blends,
0.38 mm?3 care shall be taken to ensure that the analyzed specimen is

N ) ) representative of the sample from which it is taken. If the
Note 3—The most critical parameters for containers suitable for usesample is liquid, mixing prior to taking the specimen is

with this test method are the pinhole diameter and the lid thickness, fficient to ensure thi nsideration. If th mole i lid
Sealable containers of volumes (25 to 50 pL) and wall thicknesses (80 ggumcient to ensu e S cons . eration. € sa _p e 1S so hl
150 pm) commercially available from Mettler-Toledo, Perkin-Elmer take several samplings from different areas and either combine

Corporation, and TA Instruments, Inc. have been found suitable for thidNto a single specimen or run as a separate specimen with the

purpose. final analysis representing an average of these determinations.
7.2 Auxiliary equipment necessary or useful in conducting'nclude the number of determinations in the report.
this test method includes: 9. Calibration

7.2.1 While not required, it is convenient to have a data
analysis device that will continuously calculate and display theiD
first derivative of mass with respect to time (in mass/min)

9.1 Perform temperature calibration in accordance with
ractice E 1582 using the same purge gas conditions and
container type to be used for the subsequent measurements at

capable of detecting 0.05 pg/min. . . !
7.2.2 Device to encapsulate the specimen in sealable coft- heating rate of 2 K/_mm. _Do not disturb the temperature
sensor position after this calibration.

tainers. 9.2 Perform mass calibration in accordance with Test

Method E 2040.
. 9.3 Perform time scale calibration in accordance with Test
The sole source of supply of the 0.33 to 0.38-mm diameter pinhole lids know
to the committee at this time is Kalbsey Corporation, 2725 W. CR1500 N., Carbo:!vlethOd E 1860.
IN 47837. If you are aware of alternative suppliers, please provide this informatiorﬂ_o Procedure
to ASTM Headquarters. Your comments will receive careful consideration at a
meeting of the responsible technical committee, which you may attend. 10.1 Method A—Isothermal Test
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water/ethanol 50:50; 0.38 mm pinhole; 9.183 mg; notrogen purge at 100 mL/min
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FIG. 3 Method A- Two Component Mixture

10.1.1 Initiate a purge gas flow through the thermobalancescommended that the test be repeated with a larger specimen mass. If
between 50 to 100 mL/mirt5 %. excessively large specimen mass is required to complete a 30-min test

10.1.2 Equilibrate the furnace, gas purge, and so forth dime, a shorter time interval or a lower isothermal temperature may be

used and shall be reported.
room temperature, and tare the balance. Note 8—The initial rapid heating to the desired isothermal temperature

Note 4—If the balance is tarred with the crucible and lid in place, thenMay result in a momentary overshoot in the furnace temperature.
the mass of the test specimen may be recorded directly Overshoot in itself does not create a measurement question provided the
. . . . _data in 10.1.7 is taken only from the region where the isothermal
10.1.3 Encapsulate a specimen in an appropriate Contaln?ermperature is stable and provided that not all of the specimen has been
with the specified pinhole. Specimen sizes between 1 and 3&nhausted.

mg are typical for this test method, with the larger mass being 10 1 g Restore the furnace to ambient temperature, and

used for more volatile specimens. remove the specimen container.
Note 5—Caution: Volatile materials may pose a respiratory hazard. 10.1.7 Calculate the volatility rate in accordance with11.2.
Avoid unnecessary exposure to vapors. 10.1.8 Repeat 10.1.2-10.1.7 for additional samples.

10.1.4 Place the encapsulated specimen in the thermogravi- 10-2 Method B—Constant Heating Rate Test
metric analyzer, close the furnace, and allow the temperature, 10.2.1 Follow the instructions given in 10.1.1-10.1.4.

purge, and so forth, to become stable withid % of settings. 10.2.2 Heat the specimen at a constant heating rate of 2
+0.1 K/min between ambient temperature and the desired limit

Note 6—For highly volatile substances, a significant mass fraction Oftemperature. Record the specimen mass in mg or g continu-
the specimen could be lost during this period of equilibration. Any large during this heating program versus temperature, and

. ; . |
discrepancy between the specimen mass as delivered and subsequerw . " . . .
recorded by the thermobalance should be noted in the report. cdlculate and display the first derivative (with respect to time)

. . . . of the mass loss in pg/min during heating.

10.1.5 Heat the specimen rapidly at 50 K/min to the deswec? ' ug' g g _ o
isothermal temperature, and thereafter, maintain the isothermalNoTe 9—lf the specimen is exhausted before reaching the desired limit
temperature ta-1 K for 30 min. Record the specimen mass in temperature, repeat the test using a larger specimen mass. If excessively

tinuallv during this heatina proaram versus timelarge specimen mass is required to reach t_he_ limit temperature, it may be
mg or ug _Con y 9 g prog . hecessary to terminate the test at a lower limit temperature, and this shall
The specimen temperature may also be recorded during th@ noted in the report.

heating program 10.2.3 Restore the furnace to ambient temperature, and

Note 7—If the specimen is exhausted before 30 min have elapsed, it isemove the specimen container.
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10.2.4 Calculate the volatility rate in accordance with 11.3. 12.1.5 The volatility rate (ug/min) and the associated tem-
10.2.5 Repeat 10.2.1-10.2.4 for additional samples. perature (K or °C).
13. Precision and Bias

13.1 The precision and bias of this standard method were
etermined in an interlaboratory test (ILT) in 2003. Eight

11. Calculation
11.1 Use all available decimals for each value in thed

cal/cu_lations. Round the final volatility rate to the nearest 0']1aboratories using thermogravimetric analyzers from three
Hg/min. - - . . manufacturers and four instrument models participated in the
.11'2 Using Method A, thei\(olapllty rate is obtained from the ILT. The volatility rates for camphor at 333 Kpand sequalane at
o_llfference I Mass at the initial time _a_nd the mass_at the f|naé73 K were determined using the isothermal test. The constant
time at th? isothermal tem_perat.ure divided by 30 min (or Othe‘heating rate test was used to determine the volatility rates for
elapsed time used, see Fig. 1): water at 323 and 353 K. Each laboratory reported the volatility
volatility rate, r, = (m-mp/(t—;) or (m—m)/30 (1)  rates in quintuplicate. The statistical analysis was conducted in
accordance with Practice E 691. A research report describing

wheie:mass at initial timet(), and the details of the ILT has been filed at ASTM Headquafters
mf = mass at final timet{ ' 13.2 Precision—Within laboratory variability may be de-

scribed using the repeatability value (r) obtained by multiply-

Note 10—If the mass loss rate is not constant with time at theing the repeatability standard deviation (Sr) by 2.8. The
isothermal temperature, this calculation will result in an average value Ofepeatability value estimates the 95 % confidence limit. That is,
volatility rate. Selecting shorter time segments, such as the first fevsfWO within laboratory results should be considered suspect if

inut d the last f inut ill It in different values that could . .
minutes and the last few minutes, will result in different values that cou %]ey differ by more than the repeatability value ().

demonstrate the range of volatility rate exhibited by the sample (see als R .
Fig. 3). 13.2.1 Between laboratory variability may be estimated
) . . using the reproducibility value (R) obtained by multiplying the
11.3 Using Method B, the volatility rate is either the renroducibility standard deviation (SR) by 2.8. The reproduc-
computed first derivative of the mass loss curve at any speuflfb”ity value estimates the 95 % confidence limit. That is, two
temperature(s) of interest or is the rate obtained by determiningenyeen laboratory results should be considered suspect if they
the slope of the mass loss curve pee4 K (2min) interval  jiffer by more than the reproducibility value (R).
centered about the specific temperature of interest (see Fig. 2).13 22 The terms repeatability limit and reproducibility
limit in Table 1 are used as specified in Practice E 177.

12. Report 13.3 Bias—Bias is the difference between a test result and
12.1 Report the following information: an accepted reference value. There is no accepted reference
12.1.1 A complete identification and description of thevalue for volatility rates for camphor, squalane and water.

material tested, including any pretreatment of a specimen. Therefore no bias information can be provided.

12.1.2 A descnpt!qn of t_he |n§trumentat|on used. 14. Keywords

12.1.3 Test conditions, including temperature program ex- . ) _
ecuted, purge gas composition and flow rate, initial specimen 14-1 mass loss; thermogravimetric analysis (TGA); thermo-
size, and pinhole size. gravimetry (TG); volatility; volatility rate

12.1.4 The mass loss curve or the first derivative with—
respect to time of mass loss, or both. 4 A Research Report is available from ASTM. Request RR:E37-1031
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TABLE 1 Need Title
Material TIK Average Volatility Rate, Repeatability Standard Reproducibility Standard Repeatability Limit, r  Reproducibility Limit, R
mg min-1 Deviation, Sr Deviation,SR
Camphor 333 2311 0.194 0.271 0.543 0.760
Squalane 573 112.9 24.2 49.3 67.8 138
Water 323 44.44 6.54 8.12 18.3 22.7
Water 353 204.87 23.9 36.6 67.0 102

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.
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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
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