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1. Scope

1.1 This test method covers the evaluation of hot-melt
adhesives with respect to the change in properties that occurs
while the adhesive is aged in the molten state during hot-melt
application. Melt properties monitored are viscosity, color, skin
formation, and phase separation.

1.2 The values stated in SI units are to be regarded as the
standard.

1.3 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 and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:*

D907 Terminology of Adhesives

D1544 Test Method for Color of Transparent Liquids (Gard-
ner Color Scale)

D3236 Test Method for Apparent Viscosity of Hot Melt
Adhesives and Coating Materials

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

3. Terminology

3.1 Definitions—Many of the terms found in this test
method are defined in Terminology D907.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 color, n—the aspect of the appearance of an object
dependent upon the spectral composition of the incident light,
the spectral reflectance or transmittance of the object, and the
spectral response of an observer.
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3.2.2 melt viscosity, n—measure of the ratio of shear stress
to shear rate when the hot-melt is in its molten state.

3.2.3 phase separation, n—formation of a second liquid
portion from a previously homogenous liquid over time.

3.2.4 skin formation, n—appearance of a relatively loose
layer at the surface of a polymeric material.

4. Summary of Test Method

4.1 Samples of hot-melt adhesives are conditioned at the
adhesive manufacturer’s recommended application tempera-
ture for a conditioning cycle that corresponds to the expected
residence time during which the adhesive will be held molten
in the storage and application equipment. If so specified by the
adhesive manufacturer, the molten adhesive will be protected
against exposure to air. The total residence time is divided into
two or three intervals at which points the aged adhesive color
and melt viscosity are measured and compared to the initial
adhesive color and viscosity. Prior to measuring the melt
viscosity and color, the adhesive is subjectively evaluated for
evidence of phase separation and surface skinning. Separate
adhesive samples are conditioned for each test period.

4.2 The test report includes percent change in melt viscosity,
percent of adhesive surface skinned, percent change in Gardner
color, and description of phase separation, if any.

5. Significance and Use

5.1 Hot-melt adhesives must generally be applied at rela-
tively high temperatures in order that the adhesive viscosity is
low enough that it can be readily handled in typical hot-melt
equipment. Changes in the adhesive caused by exposure to the
severe environment required during hot-melt processing will
disrupt the adhesive application process and may affect the
quality of the adhesive bond. Changes in adhesive viscosity
may affect the quantity of adhesive dispensed by the applicator.
Phase separation or changes in viscosity and color may be an
indication of changes occurring in the adhesive which could
affect the quality of the adhesive joint. A skin formed on the
adhesive may eventually clog the applicator nozzle or die.

5.2 The data generated in this test procedure are compara-
tive in nature. Results can be useful in observing batch-to-
batch variation or relative thermal stability of alternate adhe-
sive formulations. Results can also be useful in selecting
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application equipment and establishing operating conditions
for satisfactory handling of a particular hot-melt adhesive.

5.3 Round-robin testing showed that the reproducibility of
this test method can depend strongly on the characteristics of
the adhesive being tested. Results showed that, for the particu-
lar adhesives tested in the round robin, the test method was
well suited for testing the heat stability of the adhesives based
on an EVA copolymer, a polyolefin, and a polyamide.
However, because of poor reproducibility, the test method
proved to be unsuitable for assessing the heat stability of the
adhesive based on a block copolymer. Precision of this test
method is discussed in Section 11.

6. Apparatus

6.1 Glass Beakers, 300-mL, each approximately 6.6-cm
inside diameter by 11.7 cm high.

6.2 Mechanical Convection Oven, with specified tempera-
ture uniformity of =1°C (1.8°F).

6.3 Viscometer, rotating-spindle type with leveling stand,
stainless steel spindles, and sample chamber with precision
temperature controller which provides accuracy of *1.0°C or
better through the range from 100 to 200°C.

6.4 Glass Standards, 18, as described in Test Method
D1544.

6.5 Glass Tubes, clear, 10.65-mm in inside diameter, and
about 114-mm in outside length, as described in Test Method
D1544.

6.6 Suitable apparatus for comparing sample and standard,
as described in Test Method D1544.

7. Sample Preparation

7.1 Large differences exist among hot-melt adhesives in
their hot-melt processing requirements. Many types of
adhesives, such as those based on an unsaturated or a reactive
polymer, can be held molten for only a short period of time. In
some cases, these adhesives must be protected against expo-
sure of the hot adhesive to the atmosphere. Other types of
adhesives, such as those based on a saturated polymer, can be
held molten and unprotected from the atmosphere for extended
periods of time. The adhesive manufacturer’s recommenda-
tions on exposure time and temperature and the need to protect
the molten adhesive against exposure to air must be followed.

7.2 Repeated melting or extended storage of a hot-melt
adhesive will adversely affect the product’s performance in a
heat-stability test. Choose a representative sample material
from batches recently received from the manufacturer.

7.3 Avoid contamination of adhesive with water to prevent
foaming problems during melting and possible reactivity with
adhesive components.

8. Procedure

8.1 Test Temperature—Set oven and viscometer temperature
controller at adhesive manufacturer’s recommended applica-
tion temperature.

8.2 Test Cycle—Choose a test cycle which is representative
of the time period during which the adhesive will be held

molten in the application equipment to be used. Verify that the
cycle chosen is consistent with the adhesive manufacturer’s
recommendations. Two typical test cycles of heat-aging times
at which samples are taken for testing are as follows:

Cycle | Cycle Il
Initial (no preconditioning) Initial
24 h 8h
48 h 18 h
96 h 24 h
48 h

8.3 Initial Data:

8.3.1 Melt Viscosity—Select a representative sample of
adhesive, as received from the manufacturer, and measure the
melt viscosity at the chosen conditioning temperature in
accordance with Test Method D3236. For some hot-melt
adhesives, the change in viscosity with aging can be affected
by changes in shear rate. Use the same spindle size and speed
of rotation to measure the viscosity of the unaged and all of the
heat-aged samples.

8.3.2 Color:

8.3.2.1 Nonpigmented Adhesives—Fill a clear glass tube
with slivers of the hot-melt adhesive in “as-received” condi-
tion. Place the tube in an oven set at the minimum temperature
necessary to produce a transparent melt. Remove the tube of
molten adhesive from the oven and immediately place into the
color comparator apparatus. Make the color determination, in
accordance with Test Method D 1544, before the adhesive cools
below the cloud point. Record the adhesive color to the nearest
color unit.

8.3.2.2 Pigmented Adhesives—Place about 150 g of adhe-
sive in “as-received” condition into a 300-mL beaker. Heat in
an oven to the manufacturer’s recommended application
temperature, and stir the adhesive thoroughly to ensure uni-
form pigment dispersion. Avoid aeration of the adhesive.
Prepare an adhesive film 0.25 mm thick on white paper. Select
appropriate visual color standards such as those used in the
Pantone Matching System color chip sets and books. Identify
the color chip that most closely matches the initial adhesive
color.

Note 1—The adhesive supplier and adhesive user can jointly prepare
custom-made color standard for individual adhesives to be tested.

8.4 Sample Preparation—Weigh 150 g of adhesive into a
300-mL beaker and place in the oven. Glass beakers are used
instead of metal containers to allow the observation of phase
separation. Prepare three samples for Test Cycle I or four
samples for Test Cycle II. Cover the samples with aluminum
foil prior to placement in the oven. If the use of an inert gas
atmosphere during molten processing is recommended by the
adhesive manufacturer, provide a continuous inert gas purge
for the adhesive samples during the elevated temperature
conditioning.

8.5 Test Data—First Test Period:

8.5.1 Skinning—Remove one beaker from the oven at the
conclusion of the first conditioning period. Examine the molten
adhesive for the presence of a skin (a thermoset membrane) by
carefully probing the adhesive surface with a metal spatula. If
skinning is observed, estimate the percentage of adhesive
surface covered. Describe the characteristics of the skin using
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terms such as: dark color, thin, thick, brittle, or sticky. Check
for the presence of a skin immediately after removal from the
oven to avoid confusing a chilled adhesive surface for a skin.

8.5.2 Phase Separation—Examine the conditioned adhesive
for phase separation (as evidenced by appearance of discrete
layers, opacity, cloudiness, or formation of visible particles),
using a fresh sample of molten adhesive for comparison
purpose. Describe observed phase separation with particular
attention directed at specifying the relative amounts and
physical characteristics of the separated materials.

8.5.3 Melt Viscosity—Carefully remove any skin from the
conditioned adhesive and measure the viscosity according to
Test Method D3236. Use the same spindle size and speed of
rotation as was used to measure the viscosity of the unaged
sample. Discontinue the test if phase separation or gellation
occurs.

8.5.4 Color:

8.5.4.1 Nonpigmented Adhesives—Fill a clear glass tube
with conditioned adhesive, taking care to exclude skin frag-
ments. Determine color while molten as described in 8.3.

8.5.4.2 Pigmented Adhesives—Stir the conditioned molten
adhesive carefully to disperse any settled pigment. Avoid
aeration of the sample. Prepare an adhesive film, 0.25 mm
thick on white paper. Compare the adhesive color with the
visual standards used to identify the initial adhesive color.
Since color matches are likely to be approximate, make the
color comparisons with color chips in same color series as the
initial color chip. For example:

Initial Adhesive Color — Pantone 127 Creme (Yellow)
96 — h Adhesive Color — Compare with Pantone 128 — 133

Since the presence of a skin tends to preserve light color,
note the occurrence of a skin with color data.

8.6 Test Data—Remaining Test Periods—Repeat 8.5 until
the chosen test sequence is complete or prematurely terminated
due to adhesive gellation or phase separation.

9. Calculation

9.1 Melt Viscosity:

9.1.1 Tabulate viscosity data, and calculate percent change
in viscosity (AV) for each test period using the following
formula:

(Vs h—V,) X100

av=te e (1)

where:
Vi
Vsh

9.1.2 See 10.1.4 for report instructions.

9.2 Color:

9.2.1 Tabulate color data along with the percentage of
adhesive surface which had a skin. Calculate percent change in

Gardner color (8C) for each test period using the following
formula:

initial viscosity, and
viscosity after 8 h of oven conditioning.

(Csh—C))

AC = c,

X 100 )

where:
C, = initial Gardner color, and
Cs = Gardner color after 8 h of oven conditioning.

9.2.2 See 10.1.5 for report instructions.

10. Report

10.1 Report the following information:

10.1.1 Test Conditions:

10.1.1.1 Aging temperature.

10.1.1.2 Adhesive exposed to or protected from atmo-
sphere.

10.1.2 Skin Formation:

10.1.2.1 Heat aging time at which skin was observed.

10.1.2.2 Description of skin.

10.1.2.3 Percentage of surface covered.

10.1.3 Phase Separation:

10.1.3.1 Heat aging time at which phase separation was
observed.

10.1.3.2 Description of phases.

10.1.3.3 Percentage of adhesive in each phase.

10.1.4 Melt Viscosity (see 9.1):

10.1.4.1 Use designations Vg h; V,, h; Vg h; Voo h for
appropriate test periods. Record the direction of change (-
or + ) with calculated data.

10.1.4.2 Report temperature, spindle size, and revolutions
per minute (rpm) used for each viscosity determination.

10.1.5 Color (see 9.2):

10.1.5.1 Use designations C,g h, C,4 h, C45 h, Co¢ h, for
appropriate test periods.

11. Precision and Bias

11.1 Precision—The precision of this test method is based
on an interlaboratory study of Test Method D4499, conducted
between 1974 and 1979. Each of nine laboratories tested four
different hot melt adhesives. The laboratories obtained one
final test result for each material over a 48 or 96-hour testing
period.* Since only individual measurements were taken, no
replicate information is available; therefore, this study does not
meet the basic criteria set forth in Practice E691. A new study
will be conducted to address this deficiency.

11.1.1 Repeatability—Two test results obtained within one
laboratory shall be judged not equivalent if they differ by more
than the “/” value for that material; “/” is the interval
representing the critical difference between two test results for
the same material, obtained by the same operator using the
same equipment on the same day in the same laboratory.

11.1.1.1 No repeatability data was collected as part of this
study.

11.1.2 Reproducibility—Two test results should be judged
not equivalent if they differ by more than the “R” value for that
material; “R” is the interval representing the difference be-
tween two test results for the same material, obtained by
different operators using different equipment in different labo-
ratories.

3 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:D14-1003.
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TABLE 1 Summary of Statistical Information (Covered Samples)

Standard
Mean Deviation
Mean Mean Change of % Reproducibility
Property Adhesive Type Initial Final in Change of Change in
Property Property Property in Property
(%) Property (%)
X sR R
Melt Viscosity (Pa-s) EVAA 1.158 1.144 -1.17 417 % 1.7
Polyolefin? 2.158 2.092 -3.01 7.89 % 221
Polyamide® 8.585 8.470 -1.35 4.1 % 1.5
Block Polymer” 30.750 15.765 -49.19 26.42 % 74.0
Color EVAA 7.0 11.8 68.25 19.45 % 54.4
Polyolefin® 2.9 10.8 266.0 89.89 % 252
Polyamide® 4.1 1.2 172.7 49.78 % 139
Block Polymer” 10.9 14.6 35.7 17.02 % 47.6
Skin Formation EVAA 1.1 3.33 % 9.3
Polyolefin® 5.0 9.26 % 25.9
Polyamide® 0 0 0
Block Polymer? 66 43.07 % 121
A Adhesive aged under Cycle | at 177°C.
B Adhesive aged under Cycle Il at 190°C.
TABLE 2 Summary of Statistical Information (Uncovered Samples)
Standard
Deviation
Mean Mean Mean Change of % Reproducibility
Property Adhesive Type Initial Final in Change of Change in
Property Property Property in Property
(%) Property (%)
X sR R
Melt Viscosity (Pa-s) EVAA 1.158 1.160 0.26 2.99 % 8.4
Polyolefin® 2.158 2.180 1.04 715 % 20.0
Polyamide® 8.585 8.211 -4.36 5.91 % 16.5
Block Polymer” 30.750 20.426 -34.17 37.43 % 105
Color EVAA 7.0 11.83 69.05 20.94 % 58.6
Polyolefin® 29 10.75 266.0 83.15 % 233
Polyamide® 4.1 11.0 166.7 57.79 % 162
Block Polymer” 10.9 13.69 27.00 9.97 % 27.9
Skin Formation EVAA 2.22
Polyolefin® 4.69 10.61 % 29.7
Polyamide® 0
Block Polymer” 80 35.46 % 99.3

A Adhesive aged under Cycle | at 177°C.
B Adhesive aged under Cycle Il at 190°C.

11.1.2.1 Tt is expected that the ability of this test method to
reproduce changes in adhesive properties caused by heat aging
between laboratories will depend strongly on the chemical
characteristics of the adhesive being tested.

11.1.2.2 Since it is impractical to state the reproducibility of
this test method in general, the user of this test method should
establish his own estimate of reproducibility for any particular
adhesive on which the test will be run.

11.1.3 Any judgment in accordance with statements 9.1.1
and 9.1.2 would have an approximate 95 % probability of
being correct.

11.1.4 Results from the interlaboratory study are summa-
rized in Table 1 and Table 2.

11.2 Bias—At the time of the study, there was no accepted
reference material suitable for determining the bias for this test
method, therefore no statement on bias can be made.

12. Keywords

12.1 color; heat stability; hot-melt adhesive; melt viscosity;
phase separation; skin formation
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