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Standard Practices for
Making Heatseals for Determination of Heatsealability of
Flexible Webs as Measured by Seal Strength’

This standard is issued under the fixed designation F 2029; 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 epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 These practices cover laboratory preparation of heatseals and the treatment and evaluation of heatseal strength data for the
purpose of determining heatsealability of flexible barrier materials. It does not cover the required validation procedure for the
materials and production equipment.

1.2 Testing strength or other properties of the heatseals formed by these practices is not included in this standard. Refer to Test
MethodsMethod F 88 for testing heatseal strength.
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treatments;—ete):

1.3 The practices of this standard are restricted to sealing with a machine employing hot-bar jaw(s). Impulse, high-frequency,

and ultrasonic heating methods are not included.

1.4 These practices apply primarily to webs intended to be used on commercial machines employing reciprocating sealing jaws,
such as most form-fill-seal packaging machines, platen heatsealers, and so forth. Conditions of dwell time and sealing pressure on
machines of this type typically are different from those on rotary machines.

1.5 The procedure of this practice with respect to choice of heatsealing conditions apply to ultimate seal strength or hot tack
measurement.

1.6 Seals may be made between webs of the same or dissimilar materials. The individual webs may be homogeneous in structure

These prac[lces are under the _]urlSﬂlelOn of ASTM Committee FU2 on Flexible Barrier Materials and are the direct responsﬂilhfy of Subcommitiee FO2:20 on Fliysma[
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' These practices are under the jurisdiction of ASTM Committee FO2 on Flexible Barrier Packaging and are the direct responsibility of Subcommittee F02.20 on Physical

Properties.
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or multilayered (coextruded, coated, laminated, and so forth).

1.7 Strength of the heatseal as measured by Test Method F 88 is the criterion for judging heatsealability employed in these
practices.

1.8 Determination of heatsealability as judged by seal continuity, typically measured by air-leak, dye penetration, visual
examination, microorganism penetration, or other techniques, are not covered by these practices.

1.9 The values stated in SI units are to be regarded as the standard. The values given in parentheses are for information only.

1.10 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 appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: 2
F 88 Test Method for Seal Strength of Flexible Barrier Materials

of—F-le*rb-le—Webs— Test Methods for Hot Seal Strength (Hot Tack) of Thermoplastrc Polymers and Blends Comprrsmg the
Sealing Surfaces of Flexible Webs
D 4332 Practice for Conditioning Containers, Packages, or Packaging Components for Testing

3. Terminology

3.1 Definitions:

3.1.1 dwell time, n—the time interval when the sealing jaws are in contact with, and exerting pressure on, the material being
sealed.

3.1.2 eqguitibrivm—dwetitimeheatseal curve, n—any—dwel-time—in—e hat—reqtired strepeth—to—reach—its
maximtm-levet-for-thejaw-temperature-employed—a plot of measured seal strength versus sealing temperature when dwell and

pressure are fixed.

S —This is the basic curve for
comparing sealability of materials. It plots the force requlred to extend a sealed test strip to failure, as a function of sealing
temperature when dwell and pressure are fixed. The portion of the curve at higher sealing temperatures may be affected by failure
of the substrate and may not be an accurate representation of seal strength
3.1.3 heatseat-curveheatseal strength, n—a—p 5
the seal apart, per unit w1dth of seal
3.1. 31 Dlscusswn— his-is-theba

——force required to peel

b h b nd-may-not-be-an s i A neth——In many tests of seal strength it is not
the seal that fails, it is the substrate ora layer In those tests, the true heatseal strength may be somewhat higher than the measured

force that caused the specimen to fail. Some materials are intentionally designed to fail in a layers not at the seal interface in order
to gain other attributes such as transfer appearance. In this case, this failure is the desired outcome. Homogeneous materials with
fusion seals, for example, commonly break along a line 1mmed1ately ad1acent to the seal, whrle the seal itself remains intact.

3.1.4 heatseal—strengthheatsealability, n— al——the property of
thermoplastic polymers and blends, when comprising a surface of a flexible web that deﬁnes how well the material bonds to itself

or a dissimilar material when sealed by the apphcatlon of pressure heat and dwell (tlme)

Met-hods—F-S-S—)——How well the materlal bonds is expressed quantitatively as seal strength as a function of the seahng conditions
of temperature, time, and pressure. Since strength of a heatseal can be measured either while the seal is still hot (hot tack) or after
cooling and stab1lrzrng (ultrmate strength), a complete evaluatlon of heatsealablhty of a mater1al may include both tests.

3+6hot tack, n—strength of a hot seal measured at a specified time interval after completion of the sealing cycle but prior to
the temperature of the seal reaching ambient. Refer to Test Methods F+92+F 1921.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.
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3+73.1.6 seal initiation temperature, n—the sealing temperature at which a heatseal of significant strength (typically 0.5 N/cm;
125 g/25 mm; 0.3 1b/in.) is produced.

3+83.1.7 sealing interface, n—the interface between-of the two web surfaces being sealed.

3+4+:93.1.8 sealing pressure, n—the force per unit area of seal applied to the material by the sealing jaws during the sealing
process.

3+9+43.1.8.1 Discussion—During the dwell time, the sealing pressure pulse rises from zero usually to a plateau level and then
drops to zero. Frequently, there is an initial spike. Very short dwell times may not have a plateau. Sealing-pressure-ts—completely
deseribed-by-the-curve-of presstre—versus—time;,but-two-Two parameters from-the-ectrve-commonly-are-can be used-instead to
characterize the pressure variable. One is a calculated average pressure, that excludes the initial rise, as well as, the terminal fall
of pressure, and the other is the maximum value reached either during any initial impact spike or later.

Note 1—A common error is to report air pressure in the cylinder applying the force as the sealing pressure.

3116
3.1.9 sealing temperature, n—

3+H—the setpoint in degrees of each temperature controlled sealing jaw. The actual surface temperature of the sealing jaws

making contact with the materials. The Set Point Temperature is the controller setting which will produce the desired surface
temperature. Often, the setpoint temperature will be numerically higher that the surface temperature.

3.1.10 ultimate seal strength, n—the final value of strength that is reached after the heatseal has both cooled to ambient
temperature and achieved stability in strength.

3.1.10.1 Discussion—Some materials, when cooling from a melt, continue to change in strength over extended periods of time
after reaching ambient temperature.

4. Significance and Use

4.1 This practice allows determination of the heatsealability of a surface or sealant layer. While it is necessary to have a heatseal
surface layer that has adequate seal strength for the application, other material properties, such as the specific construction and total
thickness, both chosen to satisfy requirements other than heatsealability, will impact the sealing properties of the material. This
practice allows the impact of changes in material properties on heatsealability to be measured.

5. Apparatus

5.1 Hea-t-sea-}erLaboratory Heatsealer
5. 1 1 Seallng Jaws— W S

jaw or jaws with appropnate seahng surfaces to provide a flat seal. If only one heated jaw 1is used the unheated jaw should be

covered with a gasket material such as a s1hcone rubber of known durometer.
5.1.1.1 Jaw Temperature Control ach—aw—must—have 5

conditions-may require-adjustment-in-some-eases—Each jaw should have independent temperature control and the pre01s1on of

the controlling unit should be known and calibrated. The temperature should be verified periodically using a calibrated pyrometer
adequate for the range of use.
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5.1.1.2 Heated Jaw Coatings or Coverings —Anti-stick or compressible jaw coatings or coverings, such as TFE-fluorocarbon,
TFE-fluorocarbon/glass cloth, or oriented PET film are often used to prevent the test specimen from adhering to the sealing jaws.
Thick or heat flow-resistance materials will impact the rate of heat transfer from jaws to sealing surface. It is important to inspect
the quality of these materials periodically to prevent loss of properties causing unwanted temperature fluctuations in the sealing

process.
(1) Unheated Jaw Coating or Coverings—Silicone or other heat resistant rubbers of known durometer may be used. The rubber

may be covered TFE-fluorocarbon, TFE-fluorocarbon/glass cloth, or oriented PET film. It is important to inspect the quality of
these materials periodically to prevent loss of properties causing unwanted temperature fluctuations in the sealing process.
5.1.1. 3 Jaw Sealmg Surfaces must be capable of belng ahgned for parallehsm

(1) The uniformity of pressure across the sealing jaws can be checked using pressure indicating materials or devices by
actuating the sealing jaws while at ambient temperature.
(2) Temperature applied to sealing jaws may affect the alignment and parallelism of the jaw sealing surfaces as a result of
thermal expansion.
5.1.2 Dwell Time—Variable control and readout of dwell time, with minimum range of 100 to 10 000 milliseconds.
5.1.2.1 Time of jaw closure should be measured directly (as by force sensor output, micro switch, optically, ete-)y;-and eontrotted
therefrom—so forth).
5.1.2.2 Precision of dwell time control should be =10 ms or better.
5.13 Pressure variable control, W1th readout of sealing pressure

5. 1 3 1 The seahng pressure for machmes that have only an air pressure gauge on the air supply line and whose cylinder size

is known can be calculated using the formula below:

Aline

Pseal 3 Aizw Pline_PW (])
where:
P, = pressure of the sealing jaw,
P,.. = pressure of the rncqming air line,
A, = area of the sealing jaw,
Ay = cross-sectional area of the incoming air line, and
P, = pressure loss due to mechanical work which is frequently difficult to calculate with any precision.

5.1.3.2 When materials are being sealed under pressure the silicone rubber on the unheated jaw will compress. When thin
materials being sealed are less than the full length of the sealing jaw, the compression can be significant enough to change the
contact to the full area of the jaw. As a result, the pressure is then distributed across the entire surface and this area is what should
be used in the pressure calculation. When sealing thick materials, only the area of the seal should be used to calculate the sealing
pressure since contact is limited to the surface of the thicker materials.

5.1.3.3 Machines that have only an air pressure gage indicating the air supply pressure, should have a table relating sealing and
supply pressure.

6. Test Specimen

6.1 The number of test specimens shall be chosen to permit an adequate determination of representatlve performance based on
a statistical rationale. When heatseal strength will be measured at a series of sealing temperatures, an adequate or agreed upon
number of replicates shall be used to determine the mean value for each material at each temperature. When the measurements
will not be part of a series where an identifiable trend is expected, a separate determination of the number of replicates should be
made.

6.2 Mark the transverse direction and the seal side of each piece. Superimpose the two pieces to be sealed, with the transverse
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directions parallel and the seal surfaces facing each other. Seal each specimen with the jaws parallel to either the machine or
transverse direction noting the orientation of the sample. Perform the heatseal process at the same location relative to the sealing
jaws. A strip for seal-strength testing will subsequently be cut perpendicular to the seal at its center, and the seal will be peeled
by pulling the strip.

legs of the strlp on each side of the seal W111 be long enough to span the distance between the grips of the testing machine.

6.3 Alternatively to sealing a wide spectrum and then cutting a strip for strength testing, strips of the width for strength testing
may be cut in the machine direction and sealed, either to strips of similar material or to dissimilar strips. The sealed strip may then
be tested for strength without further preparation. Comparisons should be made only among specimens sealed by the same

procedure.
6.4 Common strip widths are 25 mm (1.00 in.) and 15 mm (0.59 in.).

7. Procedure

7.1 Calibration and Alignment—Prior to starting testing, instreensure that the heatsealer is in proper calibration and that the
jaws have been aligned for parallelism.

7.2 Sealing Conditions, for heatsealability testing, either ultimate seal strength or hot tack, shall be within the ranges specified
below for all makes and types of heatsealers

7.2.1 Prac cctlability

7—2—1%Dwell sze—The dwell time must be long enough for the seahng interface to come to the known temperature of the jaws.
This depends on the thickness and construction of the web, as well as on jaw configuration factors. Typical minimum dwell times
(without anti-stick jaw covering):

Films: 1 mil (25p) and under: dweII time, 500 ms (0.5 s)

F/lms 1to 2 5 mil (64u) dwell tlme 1000 ms (1 s)

7.2.1.1 The minimum required dwell time can be determined from a few trial sealing cycles. Refer to Annex-A3-+A2.1. This
procedure usually will be necessary for thicker films, structures containing paper or foil, or when anti-stick jaw coverings are used.

7.2.2 Sealing Pressure—Setpressure-in-the range-of 138—413kPa(20-66-psHh—See—Set pressure in the range of 138 to 413

kPa (20 to 60 ps1) See Appendlx Xl for dlscuss1on of effect of pressure on heatseal strength

7.2.3 Web Sealability:

7.2.3.1 Temperature— Choice of temperature setting of each jaw (including unheated) is dependent on application of the data.
In the absence of reasons to the contrary, it is recommended both jaws be set to the same temperature.

7.2.3.2 Dwell Time—

F223—Set the dwell time to the desired period.

(1) If the dwell time is set sufficiently long that the heat flow through the webs is at steady-state, the seal strength of the material

can be measured independently of dwell time, as long as the dwell time is above the equilibrium dwell time.

7.2.3.3 Sealing Pressure— Set pressure in the range of +38—413-138 to 413 kPa 26—66(20 to 60 psi), or at other level depending
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on specific application. See Appendix X1 for discussion of effect of pressure on heatseal strength.
F224
7 2. 3 4 Jaw Conﬁguratlon

F23—The coatlngs or coverings applied to the sealmg jaws should be nearest practzcal as the commercial application being

simulated. In absence of specific information on this point, flat steel jaws covered with TFE-fluorocarbon/glass cloth are
recommended.
7. 2 4 Stzcklng of Speczmen to Jaws —

TFE—ﬂ-uereea-rbem%ghss—e}eﬂa—eﬁtape—SeeﬂécrmehA—Z Spemmens havmg a heatsealmg surface where the meltmg range is

significantly lower than its opposite surface, usually can be sealed directly with bare metal jaws over most of the desired sealing
temperature range. For example, sealing a PET/LDPE to a nylon/LDPE film.

7.2.4.1 If the specimen is homogeneous throughout, or with multilayered materials where the external construction is the same
ABA, enclose it in a folded piece of 10 to 15u (approx 0.5 mil) polyester film during the sealing cycle to avoid sticking to the jaws.
Alternatively, cover the jaws with 75u (3 mil) TFE-fluorocarbon/glass cloth, or tape. The choice of coverings or coatings should

be made according to 7.2.3.4.
7.3 Heatseal Curve— o-gen

e-a-mintmum hree—se eachjaw-temp eleeted—— To generate the curve, temperature is typically varied
in 5 to 10° 1ntervals although to locate maxima or other features smaller steps may be desirable locally. The first temperature point
typically is at about the seal initiation temperature. Commonly, testing is continued at increasing temperature levels until the web
suffers excessive stretch, distortion, shrinkage, or burnthrough.

7.3.1 Make the number of test specimens chosen to permit an adequate determination of representative performance based on
a statistical rationale.

7.3.2 Dwell time can also be used as the independent variable by fixing the temperature and sealing pressure at which the test
is performed.

7.4 Conditioning— If conditioning before testing is appropriate, normal, and desirable, then condition the test specimens at 23
*+ 2°C (73.4 = 3.6°F) and 50 %= 5 % relative humidity for not less than 24 h prior to test. See Practice D 4332 for guidance on
conditioning practices.

7.5 Strength Testing— The seal shall be tested when its strength no longer changes with time. See Test Method F 88.

7.6 Szngle Poznt Measurements ( Qualzty Control Testzng)—Refer to Annex Al for guldehnes for selectlng temperature

8. Report

8.1 The report shall contain the following information concerning specimens tested:
8.1.1 General Information:

8.1.1.1 Date of sealing,

8.1.1.2 Operator,

8.1.1.3 Heatsealer; type and model,
8.1.1.4 Number of heated jaws and type of coating or covering on each, and
8.1.1.5 Where applicable, ambient temperature and humidity.

8.1.2 Complete identification of materials sealed, as appropriate.

8.1.3 Thickness and width of specimens and web construction, if known.

8.1.4 Orientation of seal with respect to machine direction.

8.1.5 Data Table—After strength of the sealed specimens has been tested by Test MethodsMethod F 88, prepare a data table
showing sealing conditions, force to failure, and failure mode for each replicate. Show also arithmetic mean and standard deviation

for each replicate set. —I&eﬁt-r-fy—&afa—by—test—llraeﬁeeﬁérer—B—

8.1.6 Heatseal Curves—
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