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This standard is issued under the fixed designation D 4591; the number immediately following the designation indicates the year of
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superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope * (SI) (the Modernized Metric Systef)

1.1 This test method defines conditions for the use of E 473 Terminology Relating to Thermal Analysis
differential scanning calorimetry (DSC) with fluoropolymers. E 793 Test Method for Heats of Fusion and Crystallization
It covers the use of DSC analyses with the fluoropolymers, DY Differential Scanning Calorimetty
PTFE, PVDF, PCTFE, and PVF and their copolymers PFA, 2:2 SO Standards: _ ,

FEP, ECTFE, EFEP, VDF/HFP, VDF/TFE/HFP, VDF/CTFE. SO 12086-1 Plastics—Fluoropolymer Dispersion and
The test method is applicable to the analysis of powders as well Molding and Extrusion Materials—Part 1: Designation
as samples taken from semi-finished or finished products. The _&nd Specification _ _

nature of fluoropolymers is such that special procedures are SO 12086-2 Plastics—Fluoropolymer Dispersion and
needed for running DSC analysis and interpreting the results. ~ Molding and Extrusion Materials—Part 2: Preparation of

1.2 The values stated in Sl units as detailed in Practice Test Specimen and Determination of Properties
E 380 are to be regarded as the standard and the practiceSé)f
Practice E 380 incorporated herein. '

1.3 This standard does not purport to address all of the 3-1 Definitions: , _ ,
safety concerns, if any, associated with its use. It is the 3.1.1 differential scanning calorimetry (DS&}a technique

responsibility of the user of this standard to establish approin Which the difference in energy inputs into a substance and a

priate safety and health practices and determine the applical€férence material is measured as a function of temperature,
bility of regulatory limitations prior to use. while the substance and reference material are subjected to a

controlled increase or decrease in temperature.

Note 1—There is Currently no ISO standard that dup“CateS this test 312 Refer to Termlnology E 473 for general termlnology
method. Pending ISO 12086-1 and ISO 12086-2 cover similar testing anased in this test method

reference this test method for testing conditions. 3.2 Abbreviated Terms:

2. Referenced Documents 3.2.1 Abbreviations used in this test method are in accord-
21 ASTM Standards: ance with Terminology D 1600.
D 1600 Terminology for Abbreviated Terms Relating to 3.2.2 PTFE—polytetrafluoroethylene. .
Plasticg 3.2.3 PFA—perfluoro(alkoxy alkane) resin.
3.2.4 FEP—perfluoro(ethylene-propene) copolymer.
3.2.5 ETFE—ethylene-tetrafluoroethylene copolymer.
e 3.2.6 PVDF—poly(vinylidene fluoride).
D 3418 Test Method for Transition Temperatures of Poly- .
mers by Thermal Analysis P y 3.2.7 PCTFE—polymonochlorotrifluoroethylene.
D 4894 Specification for Polytetrafluoroethylene (PTFE) ?'2'8 ECTFE—ethylene-monochlorotrifluoroethylene  co-
Granular Molding and Ram Extrusion Materfals pogy;ngr-EFEP v i vl I
D 4895 Specification for Polytetrafluoroethylene (PTFE) °+4 —ethylene-perfiuoroethylene-propene copoly-

Terminology

D 3417 Test Method for Heats of Fusion and Crystallization
of Polymers by Thermal Analysis

Resins Produced From Disperstfon mer. - .
E 380 Practice for Use of the International System of UnitscoiozllylrgeyDF/ HFP—vinylidene fluoride-hexafluoropropene
3.2.11 VDF/TFE—vinylidene fluoride-tetrafluoroethylene
copolymer.
1 This test method is under the jurisdiction of ASTM Committee D-20 on Plastics  3.2.12 VDF/TFE/HFP—vinylidene fluoride-

and is the direct responsibility of Subcommittee D20.15 on Thermoplastic Materitetrafluoroethylene-hexafluoropropene copolymer.
als.
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3.2.13 VDF/CTFE—vinylidene fluoride- Note 4—Noncomputerized area measurement shall be done with a
chlorotrifluoroethylene copolymer. precision of+1 % or better.

3.2.14 PVF—poly(vinyl fluoride). 5.2 Specimen Holders and Coversade from aluminum or

3.2.15 SSG—standard specific gravity. other materials of high thermal conductivity that do not react

4. Significance and Use with the specimen. It is preferable to use holders designed for
- =19 the particular DSC instrument being used. For holders for
4.1 DSC analysis may be used with fluoropolymers towhich the cover has the shape of a small cup, the top should be

achieve at least four different objectives as follows: inserted with the open side of the cup up.

4.1.1 To measure transition temperatures to aid in the 5.3 Nitrogen or other inert gas Suppiy for purging purposes.
identification of the various fluoropolymers, |nd|V|duaIIy orin 5.4 Balance with Capacity greater than 15 mg, Capab|e of

mixtures; weighing to the nearest 0.01 mg.

4.1.2 To compare the relative levels of crystalline content of

: . 6. Procedure
two or more specimens of a sample of a fluoropolymer relative ) .
to another sample by measuring the heat of fusion; 6.1 General Requirementsin general, the detailed meth-

ods of Test Method D 3417 or Test Method D 3418 shall be

gused whenever possible. There are instances, however, when

available. following the procedures of Test Method D 3417 or Test
Method D 3418 will not give the desired results, will not

4.1.3 To characterize PTFE (DSC thermal curves deters qyide information needed for proper interpretation of the
mined on powders or products of PTFE that have never beepg jtant thermal curve, or will require more time for the

melted convey appreciable information about details of moryna\ysis than need be spent for results having suitable preci-
phology and molecular structuré); o _sion. Examples of these instances include the following:
4.1.4 To supplement the test for standard specific gravity 1.1 The requirement that scans be started at room tem-

(SSG) described in Specifications D 4894 and D 4895 by usingerayre, a provision usually not required with all fluoropoly-
the heat of crystallization of pure PTFE homopolymer, dependg,grs-

ing on the relative molecular weight of the specimen. The g 1 5 The practice of running only a heating curve although
scope of Specification D 1457, however, includes PTFE resing,q cooling curve provides more information with many
modified with small amounts of comonomers, and manyqyoropolymers, and

commercial PTFE resins are modified in this manner. These g 1 3 At timés the thermal curve that results from the

modifications can have profound effects on crystallization,na\ysis provides information that cannot be interpreted in a
behavior. Published relationshiplsetween heat of crystalliza- useful manner by the procedures of Test Method D 3417 or

tion and molecular weight refer to pure PTFE homopolymersyast Method D 3418 but can be interpreted following the
and, therefore, cannot be applied to the modified resins. procedures of Section 7.

5. Apparatus 6.2 Calibration—The procedures for calibration provided in
. . . . : Test Method E 793 should be used. The comments in Test
5.1 Differential Scanning Calorimetercapable of heating .

. i . . Method D 3417 are helpful and should be reviewed. The
and cooling rates of at least 10.0 °C/min and of reCord'ngcalibration is carried out by using an appropriate amount of at

automatically the differential heat flow between a SpeCIme’l?ast two selected standards weighed to the nearest 0.01 mg.

and a reference material as a function of time, both to th he standard materials should be selected so that their range
required sensitivity and precision. For comparison purposes 9

the same heating rate shall be used for all calibrations and te'&CIUdes the first-order transition temperature(s) of the fluo-

runs. Thermal curves are recorded using a computerized d polymer being tested. Appropriate materials are given in
collection system or on a time-based recorder. The resultin able 1 of Test Method E 793 and NIST Standard Reference

curves are used for the measurement of peak areas either oxall:/e(r)ﬁf.s;r;?jai?gttr)l:arpv?g;ncigﬁlg?gggnzan be validated using
computer integration or an alternative area measuring proce- 6.3 A standard specimen mass shall be in the range of 9 to

dure. The instrument should have a sensitivity for heat ﬂow10 iqhed t £0.01 E i vsi
sufficient to provide a precision of1 % when run using a Mg WEIghec 1o an accuracy of U.5.L mg. FOr routin€ analysis,

suitable standard for calibration, such as indium. The instru® n_onstandard specimen size may be used in cases where
ment must have a precision af1 % for either the computer- equivalence to the standard mass has been established for

ized data collections or over a time-base range of 0.1 to Z.Qg::g:i?;sﬁglpsg're:'Oﬁezpec'men mass different from the
min/cm of chart. P '

Note 2—Absolute values of crystalline content cannot be determine
until values for heats of fusion of the completely crystalline polymers ar

Note 3—Most DSC svstems report data with a temperature ordinate Note 5—Thermal curves from such analyses not using the standard
OTE o— y . P - P .~ ~Specimen mass range may not compare with curves obtained using the

The temperature values are directly related to time based on the heating Yandard mass range. Due to the sensitivity of the pdak,to the

cooling rate. Integrated areas measured from the DSC curves will bgpecimen size, the results may be outside the expected precision and bias.

directly proportional to the differential caloric input. ) ]
6.4 Place the test specimen in the DSC sample pan, cover
with pan cover, and crimp. Place the pan with specimen in the

7 Sperati, C. A., “Polytetrafluoroethylene: History of Its Development and Some P P
Recent Advances” (67 referencebligh Performance Polymers: Their Origin and DSC Sample holder or cell at the heatmg CyCle starting

DevelopmentSeymour and Kirshenbaume (eds), Marcel Deckker, New York, 1986,temperatur_e- . )
p. 274. 6.5 Heating and cooling rates of 10°C/min shall be standard
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(except as noted in Table 1). Other heating rates may be useful

for some routine analyses. Any rates different from the stan- / A c /
dard must be reported and thermal curves from such analyses
must not be used in comparison with curves obtained using thg
standard rate.
Note 6—Other heating rates will change the observed melting andE
cooling temperature values. é R
Tmd

ow

used to the temperature shown in Table 1 for the fluoropolymer
being tested. The time required to reach thermal equilibrium at
the starting temperature will depend on the particular instru-
ment being used. If heats of crystallization are being deter-
mined, stop the heating at the end temperature given in Table TIME (mim)

1. Use a dwell time long enough to remove (or normalize) any FIG. 1 Heating Curve

homogenous crystal nucleation effects of the polymer before

starting the cooling. For PVDF a dwell time of ten minutes at N .

o . - . ote 8—Fluoropolymers can have various crystal forms. Therefore,
210°C is required. DSC analysis used to determine the prégse resyiting DSC curve can have two or more peaks or peaks with
ence of other components in the specimens should usually Ronounced shoulders. THe, * value of one sample with one peak may
started at room temperature. be the same as thE,, ? value of another sample with two peaks.

Ty
i E
6.6 Before starting the scan at the controlled rate, heat the
specimen at the highest rate possible with the instrument being
/K/\JD Trmz
B

Note 7—Residual homogeneous crystal nuclei can affect the values of 7.1.1 Fig. 1 was selected to show two endothermic peaks
T Te, @nd heats of transition. during a melting cycle, and the peaks are identified on the
. figure. Determination of the temperatures for crystallization is
7. Calculation carried out in a comparable manner, as shown both in Fig. 2

7.1 Determining Transition TemperaturesAs illustrated in  and in Figure 1 of Test Method D 3418.
both Fig. 1 and in Test Method D 3418, the temperature of a 7.2 Determining Heats of TransitierCalculation of heats
melting peak on a DSC thermal curve shall be designdtetl  of fusion or crystallization shall be done in accordance to the
T, %, etc., numbered in order of increasing temperature. Th@rocedure of Test Method D 3417. Instrumental determination
temperature at which a tangent to the curve intercepts apf heats of transition requires temperature ranges to determine
extension of the base line on the low-temperature side shall bigeat content. Due to instrument start-up effects that can last up
designatedT;, and the temperature at which a tangent to thewo 1 or 2 min, the integration range should be 10 to 20°C above
curve intercepts an extension of the base line on the highte starting and below the final temperature. A smaller integra-

temperature side shall be designaled tion range would b&; - 20 or 30°C and, + 10 or 20°C. The
o calculated heat value should not be sensitive to small changes
TABLE 1 Recommended T_emperature Limits for DSC_ (5°C in the integration range).
Measurements and for Integrating DSC Thermal Curves with
Various Fluoropolymers  # # Note 9—Multiple crystal forms and the complicated morphology of
Heating Curve pyel  Cooling Curve | VDF based copolymers can make it difficult to determine heats of
. Rate, Typical iti i :
Fluoropolymer Stat, End, TMe. Start  End, o Valoeecec transition on this polymer.
°C °C min °C °C
(homopolymers) T
PTFE 270 380 380 270 10 315-360 e4
PCTFE 180 250 5 250 195 10
195 180 0.2 200-225

PVDF 25 210 10 210 25 10 160-175
(copolymers)
PFA 200 350 350 200 10 300-330 z
FEP 200 320 320 200 10 240-290 G
ETFE 200 320 320 200 10 210-270 =
ECTFE 200 300 300 200 10 230-250 9
VDF/HFP 25 210 10 210 25 10 130-165 :
VDF/CTFE 25 210 10 210 25 10 130-165 $
VDF/TFE 25 200 10 200 25 10 100-150 -
VDF/TFE/HFP 25 150 10 150 25 10 <130
VDF/TFE/HFP 25 210 10 210 25 10 >130

A Report peaks (and shoulders) from lowest to highest (for example, T,,* < T, T
2<T,,% ) ! !

B The integration range should be 10 to 20°C above the starting and below the ~\L/\\
final temperature. A smaller integration range would be T, — 20 or 30°C and T, | '| ==
+ 10 or 20°C. The calculated heat value should not be sensitive to small changes T
(5°C in the integration range). ¢

€ Typical values cited represent an expected range of peak values for this test. .
These values shall not be used for specifications. Copolymer peak values (and TIME (min)
intensities) will vary with comonomer ratios and may not be within the cited ranges. FIG. 2 Cooling Curve
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7.3 Calculation of Results of Determinatiomsade in ac- terized. Peak width at half-height is illustrated by the value of
cordance with the objectives of 4.1 may include transitionthe line, EG, in Fig. 1.
peaks or shoulders and transition heats. Additional determinas— R
tions may use the steps listed in 7.3.1 and 7.3.2. - Report

7.3.1 The ratio of peak heights may be useful in character- 8.1 In addition to the items required by Test Method
izing materials that show two or more distinct peaks orD 3417, the report for specimens analyzed in accordance with
shoulders. This ratio is determined by dividing the height of athe objective of 4.1.3 may include values for ratio of peak
higher-temperature peak by the height of a peak at a loweneights and for width at half-height of the endothermic peak(s).
temperature. Since this cheracteristic is reported_as a retio, tlbe Precision and Bias
heights can be measured in any convenient units. This mea-

surement is illustrated aSD/AB in Fig. 1. 9.1 Precision .
9.1.1 Repeatability—See Test Methods D 3417 and D 3418.

Note 10—Great care must be taken to control the prior thermal history g 1.2 Reproducibility—See Test Methods D 3417 and
of the specimen before testing due to the sensitivity of this parameter opy 341g.

peak height obtained with polymorphic polymers. 9.2 Bias—See Test Methods D 3417 and D 3418.
7.3.2 A value for width at half-height of an endothermic

peak is defined as a value (in degrees Celsius) that represedi@ Keywords
the width of a peak at a point one-half the distance between the 10.1 differential scanning calorimetry; DSC; fluoropoly-
base line and the maximum of the peak that is being charaener(s); heats of fusion; melting point; thermal analysis

SUMMARY OF CHANGES

This section identifies the location of selected changes to this test method. For the convenience of the user,
Committee D-20 has highlighted those changes that may impact the use of this test method. This section may
also include descriptions of the changes or reasons for the changes, or both.

D 4591 -97: (2) Reference to Specification D 1457 was deleted from 2.1
(1) The ISO equivalency statement was corrected and the 1S@nd 4.1.4.
standards were added to 2.2.

The American Society for Testing and Materials 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 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, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



