QHW Designation: E 2069 — 00

Standard Test Method for
Temperature Calibration on Cooling of Differential Scanning
Calorimeters *

This standard is issued under the fixed designation E 2069; 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 epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope to the test specimen. This arrangement causes the indicated

1.1 This test method covers the temperature calibration ofemperature to lead or lag the actual specimen temperature on
differential scanning calorimeters on cooling using the differ-n€ating/cooling causing the reported temperature to be higher
ence between transition temperatures upon heating and coolif§ heating and lower on cooling than the actual specimen
in the temperature range of 60 to 140 °C. An offset in thetransition temperature. A DSC apparatus temperature, that has
indicated temperature between heating and cooling experR€en calibrated for heating experiments, needs to be re-
ments, within this temperature range, may be used to providedlibrated for cooling experiments. Such a calibration on
temperature calibration on cooling at other temperature range§20ling is performed using a liquid crystal material, the

1.2 Sl units are the standard. transition(s) for which are not subject to super-heating or

1.3 This standard does not purport to address all of theSuper-cooling. _ _
safety concerns, if any, associated with its use. It is the 4.2 The transition temperature of a rapid, non-superheating
responsibility of the user of this standard to establish appro-2nd non-supercooling transition is determined upon heating
priate safety and health practices and determine the applica@nd upon cooling. The difference between these two indicated
bility of regulatory limitations prior to useSpecific precau- t€mperatures provides an offset temperature value between

tionary statements are given in Section 6. heating and cooling experiments at the indicated rate. This

offset temperature value, when used with a precise temperature

2. Referenced Documents calibration upon heating, may serve as an instrument calibra-
2.1 ASTM Standards: tion function upon cooling.

D 3418 Test Method for Transition Temperatures of Poly-

5. Significance and Use
mers by Thermal Analysfs , . . G
E 473 Terminology Relating to Thermal Analydis 5.1 This test method is useful in calibrating the temperature
E 794 Test Method for Melting and Crystallization Tem- Signal of a differential scanning calorimeter for cooling experi-
peratures by Thermal Analy$is ments such as the determination of crystallization temperatures

E 928 Test Method for Determination of Purity by Differ- in Test Method D 3418 and Test Method E 794.
ential Scanning Calorimetfy 5.2 This test method may be used for research, develop-

E 967 Practice for Temperature Calibration of Differential Ment, analytical, specification acceptance, quality assurance
Scanning Calorimeters and Differential Thermal Analyz-and control purposes.

ers .
E 1970 Practice for Statistical Treatment of Thermoanalyti—e' Precau_nons ]
cal Datd 6.1 Toxic or corrosive effluents, or both, may be released
when heating the material of this test method and may be
3. Terminology harmful to personnel and to the apparatus.

3.1 Specific technical terms used in this test method ar

defined in Terminology E 473. 7 Apparatus

7.1 Differential Scanning Calorimeter (DS&)The essen-
4. Summary of Test Method tial instrumentation required providing the minimum differen-

the temperature of a transition, is located close to but extern&ludes:
7.1.1 A DSC Test Chambgecomposed of:

7.1.1.1 A Furnace(s)to provide uniform controlled heating

This test method is under the jurisdiction of ASTM Committee E-37 on nd coollng ofa specimen and reference material to a constant

Thermal Measurements and is the direct responsibility of Subcommittee E37.01 oﬂ

Test Methods and Recommended Practices. temperature or at a constant rate within the applicable tempera-
Current edition approved March 10, 2000. Published June 2000. ture range of this method.
- Annual Book of ASTM Standardol 08.02. 7.1.1.2 A Temperature Sensorthat indicates specimen/

2 Annual Book of ASTM Standardgol 14.02.
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furnace temperature tx0.01 °C. ing liquid crystal materiafs are known as CE-3 {(+)-4-n-
7.1.1.3 A Differential Sensqrto detect heat flow (power) hexyloxyphenyl 4’-(2"-methylbutyl)-biphenyl-4-
difference between the specimen and reference equivalent to tarboxylate}(CAS no. 62614-61-3), CE-8 {(+)-4(2'-
HW. methylbutyl)phenyl 4’-n-octylbiphenyl-4-carboxylate} and
7.1.1.4 A means of sustaining a purge gas rate of 10 to 100C-1 {N-(4-n-octyloxy-2-hydroxybenzal)4’-n-butylaniline}.

. .
* 5 mL/min in the test chamber. Note 2—The purity of these liquid crystal materials may be determined

Note 1—Typically inert purge gases that inhibit specimen oxidation areby Test Method E 928 using the first liquid crystal transition prior to use
99 + % pure nitrogen, argon or helium. Subambient operation requires dr{see Table 2).
purge gases. Dry gases are recommended for all experiments unless the . .
effect of moisture is part of the study. 9. Calibration

7.1.2 A Temperature Controlleroperating the furnace(s) 9-1 Perform any temperature calibration procedures recom-
between selected temperature limits, capable of controlling th&ended by the manufacturer of the differential scanning

rate of temperature change of 10 °C/min constant to calorimeter as described in the operations manual. _
°C scanning calorimeter using Practice E 967 and the heating rate

recording and displaying fractions of the heat flow signal (DSccalibration materials.

(furve), including the glgnal noise, on the Y-axis versus frac- Nore 3—For the purposes of this standard, temperature calibration on
tions of temperature signal, including the signal noise, on theeating is performed at 10 °C/min and on cooling at 10 °C/min. Other
X-axis. rates for either heating or cooling may be used but shall be reported.

7.1.4 Containers (pans, crucibles, vials, etc. and lids) that 0. Procedure
are inert to the specimen and reference materials of suitablje ' u _ o o _
structural shape and integrity to contain the specimen and 10.1 Select a suitable calibrating liquid crystal material
reference material. from Table 1.

7;1'5 Cooling Capability at constant cooling ratoes of Up 10 Nore 4—CE-3 and LC-1 may be used at all heating/cooling rates
10 °C/min in the temperature range of 140 to 60 °C, to hasteBetween 0.1 and 40 °C/min. CE-8 may be used for heating/cooling rates
cool down from elevated temperatures, or to sustain aifess than 10 °C/min.
isothermal subambient temperature, or both. 10.2 Into a clean, tared specimen container weigh 3.0 to 5.0

7.2 A Balanceto weigh specimen and/or containerstd.0 mg of the liquid crystal calibration material.

H1g with a capacity of 100 mg or greater.
Note 5—Larger specimen masses should not be used, as they will

8. Calibration Materials result in increased thermal lag effects.

8.1 For the temperature range covered by many app”ca_ 103 Load the SpeCi.men into the test Chamber, purge with
tions, the liquid crystal transitions of 99.8 to 99.9 % puredry nitrogen (or other inert purge gas) at the flow rate to be
materials in Table 1 may be used for calibration. The calibratused for the subsequent application.

“The sole source of supply of these materials known to the committee at this

TABLE 1 Transition Temperatures for Selected Liquid Crystal time is Chromophore, Inc., 2307 Spring Branch Road, Huntsville AL 35801. If you
Calibration Materials are aware of alternative suppliers, please provide this information to ASTM
Liquid Crystal - i Transition Temperature,© headquqrters. Yogr commen‘ts will re;eive careful consideration at a meeting of the
A Transition Type responsible technical committee, which you may attend.
Material K °C
CE-3 2%” |Ch igg'g lég'g TABLE 2 Temperatures of the Crystal to First Liquid Crystal
CE8 Syo S, 3371 63.9 Transition of the Calibrating Materials
S« Sc- 342.4 69.2 Liquid Crystal L Temperature,©
s, ch 408.0 134.8 qMateriaIA Transition Type® K °c
Ch - | 413.9 140.7 CE-3 Cr - Sc- 339.2 66.0
LC-1 Sc- N 342.6 69.4 CE-8 Cr - Sy 329.0 55.8
N - | 362.4 89.4 LC-1 Cr - S¢ 312.4 39.2
ACE-3 = {(+)-4-n-hexyloxyphenyl 4’-(2"-methylbutyl)-biphenyl-4-carboxylate} ACE-3 = {(+)-4-n-hexyloxyphenyl 4’-(2"-methylbutyl)-biphenyl-4-carboxylate}
CE-8 = {(+)-4(2'-methylbutyl)phenyl 4’-n-octylbiphenyl-4-carboxylate} CE-8 = {(+)-4(2’-methylbutyl)phenyl 4’-n-octylbiphenyl-4-carboxylate}
LC-1 = {N-(4-n-octyloxy-2-hydroxybenzal)4'-n-butylaniline} LC-1 = {N-(4-n-octyloxy-2-hydroxybenzal)4’-n-butylaniline}
BCh = Cholesteric BCh = Cholesteric
Cr = Crystalline Cr = Crystalline
| = Isotropic liquid | = Isotropic liquid
N = Nematic N = Nematic
Sa = Smectic A S, = Smectic A
Sc= Smectic C Sc= Smectic C
Sc«= Chiral smectic C Sc+«= Chiral smectic C
S,.= Smectic I* S\.= Smectic I*
S;»= Smectic J* Sj;»= Smectic J*
CThe transition temperatures are dependent upon the purity of the liquid crystal CThe transition temperatures are dependent upon the purity of the liquid crystal
material. These transition temperatures are those for 99.9 + mol % pure materials. material. These transition temperatures are those for 99.9 + mol % pure materials.
See Footnotes 5, 6, and 7. See Footnotes 5, 6, and 7.
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10.4 Heat the specimen rapidly to 30 °C above the transitio®.01 °C for each liquid crystal- liquid crystal or each
temperature to the isotropic phase as indicated in Table 1 andotropic — liquid crystal transition in Table 1 observed as

hold isothermally for 1 min. illustrated in Fig. 2 (see Note 8).
Note 6—The transition temperature to the isotropic phase depends 10.9 Calculate the offset temperatudkT] for each liquid
upon the calibration material selected and its purity. crystal transition ta+ 0.01 °C according to 11.1.

10.5 Cool the specimen at 10 °C/min to 30 °C and hold .
isothermally for 1 min. Record the resultant thermal curvell. Calculation

upon cooling (see Note 3). 11.1 Calculate the offset temperatueT} to + 0.01 °C for
Note 7—Liquid crystalline transitions are very narrow. Data collection €ach transition according to Eq 1:

rates of one data point every 0.05 °C (preferably every 0.01 °C) shall be AT=T.—T 1)
C

used to achieve the precision required.

10.6 Heat the specimen at 10 °C/min to 30 °C above thewhere:

temperature of the transition to the isotropic phase as indicatedn = the transition temperature of a specific liquid crystal

in Table 1. Record the resulting thermal curve upon heating transition observed on heating,
(see Note 3). T. = the temperature of the same transition measured on
10.7 From the resultant thermal curve upon cooling from cooling, and S
10.5, determine the extrapolated onset temperaffjetd = T = the offset temperature for the specific liquid crystal
transition.

0.01 °C for each liquid crystak liquid crystal or each liquid

crystal - isotropic transition in Table 1 observed as illustrated 11.2 If more than one transition is observed, calculate and

in Fig. 1. report the individual offset temperatures, and the mean value of
Note 8—Use only a transition where the signal returns to bas.elineaII offset temperatures (see Practice E 1970).

before the transition onset. 11.3 In an application cooling experiment, where the differ-
Note 9—Retain all available significant figures for these calculationsential scanning calorimeter has been calibrated upon heating,

and round to the final result to the number of significant figures describeg¢ha temperature of a cooling transition within or without the 60

in section 13 to 140 °C temperature range may be determined using Eq 2:
10.8 From the resultant thermal curve upon heating from T =T 4 AT @
10.6, determine the extrapolated onset temperafljjet¢ + e
0.9
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FIG. 1 Cooling Curve for CE-3
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FIG. 2 Heating Curve for CE-3
where: 13.2 Ruggedness testitfy indicates that the value faxT
T, = the temperature of the unknown transition upon and its precision depends upon the instrument type being used.
cooling, 13.3 Precision
T, = the observed temperature upon cooling, and 13.3.1 Testing in a single laborat8ryndicates that, for
AT = the offset temperature determined for the specific power compensation differential scanning calorimeters, the
heating rate-cooling rate combination determined in precision of the measureXl is independent of heating/cooling
this test method. rates. The standard deviation fafl is = 0.29 °C.
13.3.2 Testing in a single laboratdrindicates that, for heat
12. Report . . . . e
o _ flux differential scanning calorimeters, the precision of the
12.1 Report the following information: . _ measured\T is dependent on heating/cooling rate. The coef-
12.1.1 Description of the differential scanning calorimeterficient of variation forAT is 0.27.
used for the test including model and serial number, 13.3.3 Testing in two laboratori®é using instruments of

12.1.2 Complete identification and description of the referyjftering operating principles, indicates that the precision for
ence materials and their transitions used including sourcgphe measuredT depends upon its value. At heating/cooling

method or purification (if any) and purity, rates of 10 (and —10) °C/min, the pooled standard deviation is
12.1.3 Statement of the mass, dimensions geometry, anglog oc.

material of the specimen, material of the specimen container 13 4 Biag

and temperature program rate on heating and cooling, 13.4.1 Testing in a single laboratéryndicates, that for
12.1.4 \dentification of the specimen atmosphere by purggower compensation differential scanning calorimeters, the

gas composition, purity and flow rate, value forAT ranges from 1.7 to —0.2° C when the heating (and
12.1.5 Results of the calibration procedure including thecooling) rate ranges from 20 (and —20) to 2 (and —2) °C/min.

value of the offset temperaturaT) term, and 13.4.2 Testing in a single laboratdrpdicates that, for heat
12.1.6 The specific dated version of the standard used. fjyx differential scanning calorimeters, the value/S ranges

13. Precision and Bias from 1.7 to 0.2 °C when heating/cooling rate ranges from 20

13.1 An interlaboratory test is planned for during 2000 to
d?termme the pl’_ECISIO_I’l an.d _bIaS of this test method. Anyone 5Menczel, J.D., Leslie, T.M.Thermochim. Acta, 166.990, 309-317.
wishing to participate in this interlaboratory test may contact ©penczel J.0.. Leslie. T.MJ. Therm. Anal., 401993, 957—960.

the E 37 Staff Manager at ASTM Headquarters. ”Menczel, J.D.,;J. Therm Anal., 491997, 193-199.
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(and —-20) to 2 (and —2) °C/min. 14. Keywords

13.4.3 Testing in two laboratorig$ using instruments of
different operating principles indicates that the value AGr
ranges from 1.7 to —0.2 °C when the heating (and cooling) rat
ranges from 20 (and- 20) to 2 (and -2) °C/min.

14.1 calibration; differential scanning calorimetry; tempera-
gure; thermal analysis

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, at the address shown below.
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