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Melting Point / Melting Range
INTRODUCTION
1. This guideline is aevised version of theriginal Guideline 102 which was adoptedli®81.

Mainly theformat has been changed. The differences of substance betwearditnis and theftom
1981 are few. The meniscus method, which is applicabpoli@mdes, has nobeen retained and
the pour pointisincluded. The revision was based on the EC méfletithg/Freezing Temperature"
published in 1992 (1).

INITIAL CONSID ERATIONS

2. Frequetly the transitionfrom lid to liquid phase takes place over a temperature range.
Therefore, theerm "melting range" is often used andpiractice, the temperatures of the initial and
final stages of meltingre determined. The melting poiideally isidertical with the slidification

or freezing point.For some substancéstherproducts and mixtures) however, tietermination of

the freezing or solidification teperature is easier. Where, due to the particptaperties of the
substance (or product), none of the above parameters can be cotiyweméasired, a pour point may

be appropriate.

3. The fundamentgbrinciples are yen in references 2 and Heveral methods and devices
are described in thisuideline. They can bapplied irrespective of the degree of purity of the
substance. The melting point of a substance isiderably affected by impurities. For this reason

it serves as a measure of a substarmeity. The selection of a particular method depends mainly
on the state of physical aggegmn of the saple and on whether or not the substance can be
pulverized easily, with difficulty, or not aall. Stardards dewibing the various devices and
procedures are listed in tgpendix.

DEFINITIONS AND UNITS

4. The melting point idefined as the temperature at which the phaseitimngom the slid
to the liquid state at atmospheric pressure takes place.

5. The conversion dfelvins to degees Celsius iaccording to thdormula
T=t+273.15, where

T is the Kelvin or thermodynamic tgrarature and t th€elsius terperature.
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REFERENCE SUBSTANCES

6. Reference substances do netd to be employed when inveatigg a substance. Some
calibration substancese listed inreference 4.

PRINCIPLE OF THE TEST

7. The temperature or temperature range of the phaséitnafrom the slid to the liquid state
or from theliquid to the solid state idetermined.

COMPARISON OF THE METHODS

8. The temperature range and accuracy ofdifferent methodsire listed in Table 1.
Table 1

Method Temperaturegange (in K) | Estimated accuracy (in K)
Capillary/liquid bath 273 to 573 +03
Capillary/metal block 293 to>573 +05
Kofler hot bar 293 to>573 +10
Melt microscope 293 to>573 +05
Differential thermal analysis and 173 to 1273 + 0.5 up to 600 K
differential scanning calorimetry + 20 upto 1273 K
Freezing temperature 223 to 573 +05
Pour point 223 to 323 +30

DESCRIPTION OF THE METHODS

Capillary tube in a liguid bath

Apparatus

9. The apparatus awle of glass is shown in Figure 1. The choice obtih liquid depends

upon the melting teperature to beletermired, e.g. liquidoaraffin for tenperatures not higher than

473 K and #icone oil for temperatures not higher than 573 K. For temperatures above 523 K, a
mixture of three parts sulfuric acid and two parts of potassilphate (weightratio) can be used.
Precautions should be taken if a mixture such as this is used. Only thetersfalfilling the
requirements of the stdards ASTM E 1-71, DIN 12770, and JIS K 8001, or equivalent, should be
used. The middle part of the mercury bulb of the thermometer shoudtl thecapillary at the
position wtere the sample is located.
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Figure 1
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Stage A, beginning of melting, fine drepd adhere uformly to the wall of the tube
Stage B, a éarance between tlsampleand the wall due tehrinkage othe melt
Stage Cthe shrunkesample colipses andduefies
Stage D, a comptemeniscus is formed but part of tlsample remains solid
Stage E, final stage of melting, no solid particies left
Procedure
10. The dry substance is finely pulverized gnd into a capillary tube, fused at one end, so that

the filling level is approximately 3 mm after the sample hbsen tighly packed. Tabtain a
uniformly packed sample, the capillary tube should be drofyoed a height ofapproximately 700

mm through a glastube onto a watch glass.
approximately 3 K/min.
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apparatus when the temperature has risen to aboutbddol¢ the melting teerature. From then

on, and througbut the actual miting, the terperature rise is adjusted to maximum 1K/min. When
subjected to a slow temperature rise, finglyverized substancesusdly show the stages ofatliing
shown in Figure 2During thedetermination of the eiting tenperature, the temperatures are recorded
at the beginning of the melting (stage A in thaufig) and at the final stage (stage E in the figure).

Calculations
11. A corrected ralting tenperature is calculated using tfeemula
T= T,+ 0.00016 (} - Tz) n, where
T = corrected ralting temperature,
T, = reading of thermoeter D,
T: = reading of thermoseter E,
n = number of pgaduations of the mercurgolumn on the emergent stem of

thermometer D.

Capillary tube in a metal block

Apparatus for visual observation

Figure 3
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12. The apparatus shown in Figure 3 consists of:

- a cylindrical metal block, the upper part of which @low andforms a chamber;

- a metalplug, with two or nore holesallowing capillary tubes to be mounted in thkck;

- an electrical bating system with regated power iput;

- four windows of eat-resistant glass on the lateral walls of the dlesirdiametrically disposed
at right angles;

- an eyepiece for obsving thecapillary tube, mounted ifront of one of these windows (the
other three windows are uséat illuminating the inile of the enclase);

- athermometer according to standardstiaed in paragraph 9 or theomlectrical measing
devices of comparable accuracy.

Apparatus with photocell detection

13. A capillary tube, filled as described frmaragraphlO, is placed in a heated metal block. The
temperature rise is adjusted at a suitable pre-selected linear raganfof light igdirected tmough
the sample to a photocell. Oreliing of the sarple, the intensity of the light reaching the photocell
increases and a stop signal is sent to the digital indiceddingout the temperature of thedting
chamber.

K ofler _hot bar
Apparatus

14. The Kofler hot bar uses two pieces of metatlifierent thermal coductivity. The bar is
heated electrically and is designed so that the temperatndlegt is almost liearalong its length.
The temperature of the hot bar can raagproximately from room tenperature to 573 K. The bar
is fitted with a graduated temperatupala and a movablegointer.

Procedure

15. The substance is laid in a thin layer on the hot bar. A slivding line developsbetween
the solid and fluid phase within a few seconds. The temperature dividimg line isread by
adjusting thepointer to thedividing line.

Melt microsope

16. The specimendider of a nelt microgope is a metal plate which is part ofeating charhber.

A hole in the metal platpermits the entrance of light from an illurating device. The sample is

placed on a slide over the hole and may be covered by another slide to minimise exposure to air. The
plate is heated gradually untiletting is oberved and the temperature is recorded. The accuracy of
the measurement can beraased for cryalline substances through the useofarised light.

Differential themmal analysis (DTA)

17. Samples of the test substance andreference raterial are subjected to the sametoaed
temperaturgorogramme. When the test substance undergoes a phase transiticorrdisponding
change of enthalpy gives andathermic (melting) or exothermic (freezindgparturefrom the base
line of the temperature record.

Differential scanning cadorimetry (DSQ

18. Samples of the test substance and reference raterial are subjected to the sametoaied
temperaturgorogramme. Thdifference in energy inputatesary to maitain idertical temperatures
between the substance and the referenatemmal is recorded. When the samplelengoes a phase
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transition, thecorresponding change of enthalpy gives a depaftune the base line of theeht flow
record.

Freeing tenperature

19. A sample of the substance is placed in a test tube and stirred continuously. As the sample is
cooled, its temperature is measured at regular intervals. As soon as the temperature remains constant
for a few readings (corrected for thermater error), this temperature is recorded as fieezing
temperature. Supercooling must #eoided by maitaining equilibrium between theolgd and the

liquid phases.

Pour point

20. This method was developed foetroleum oils and is suitable for oily substances with low
melting tenperatures. After prelimary bating, the sapie is cooled and itfbow characteristics are
examined at intervals of 3 K. The lowest temperature at whasrement of the substance is eh&d

is recorded as the popoint.

TESTREPORT
21. The test report shall include tfatlowing information:

- method used;

- chemicalidentity and impuritieqpreliminary purification step, if any);

- estimatedaccuracy;

- melting tenperature (the mean of at least two meaments whichare in the range of the
estimated accuracy; if the difference between the temperature at the beginning and at the final
stage of melting is within the limits of tha&ccuracy, the temperature at the final stage of
melting istaken as the riting temperature; otherwise the two fratures are reported; if the
substance decomposes or sublinef®re nelting occurs, the temperature at which the effect
is observed iseported);

- all information and rerarks relevant for the interpretation of the results, especially with regards
to impurities and physical state of the substance.
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APPENDIX

LISTOF STANDARDS

Capillary tube in a liguid bath

ASTM E 324-69 Stardard test method for relative initial and finaklting
points and the melting range of organic clczts

BS 4634 Methodfor the determination of eiting point ail/or melting
range

DIN 53181 Bindemittel fur hcke und ahlithe Beschichtungsstoffe;
Bestimmung des Schmelzbereiches von Harzen nach Kapillar-
Verfahren

JIS K 00-64 Testing methods forefting point of cherital products

Capillary tube in a metal block

DIN 53736 Visuelle Bestimmung der Schmelztemperatur von
teilkristallinen Kunst®ffen

Kofler hot bar

ANSI / ASTM D 3451-76 Stardard recommeded practicesfor testing polymeric
powders and powdeamatings

Melt microsope

DIN 53736 Visuelle Bestimmung der Schmelztemperatur von
teilkristallinen Kunst®ffen

Differential themal analysis and differertial scanning cdorimetry

ASTM E 472-86 Stardard practice foreporting thermoaalytical data
ASTM E 473-85 Stardarddefinitions of termselating to thermal aadysis
ASTM E 537-76 Stardard method for assessing the thermal stability of

chemicals by methods differertial thermal analysis

DIN 51005 Thermische Analyse (TA)

Freeang te nperature

BS 4633 Methodfor the determination afrydallizing point

BS 4695 Methodfor the determination of @iting point of petroleum
wax (cooling curve)
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DIN 51421

DIN 53175
ISO 1392
ISO 2207
JIS K00 - 65
NF T 60-114

NF T 20-051

Pour _point

ASTM D 97-66
ISO 3016

NBN 52014

OCDEOECD

Bestimmung des Gefriergaas von Flugkraftdoffen,
Ottokraftsoffen und Motorenbenzolen

Bestimmung des Eagrungspuites von Fetéuren
Methodfor the determination of therydallizing point
Petroleum waxes - Determination of congegdigt
Test methods for freezipgint of chenical products
Point de fusion des paraffines

Méthode dedétermination du point deristallisation

Stardard test method for popoint of petroleunils
Petroleum oilsBetermination opour point

Echatillonnage et aalyse des produits de pétrokoint de
trouble etpoint d'écoulement limite
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