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Standard Test Method for
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Wetting Tension of Polyethylene and Polypropylene Films
This standard is issued under the fixed designation D 2578; 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 epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope * YGL cos® = yGS— ySL 1)

1.1 This test method covers the measurement of the wetting, here-
tension of a polyethylene or polypropylene film surface in g angle of contact of the edge of the drop with the
contact with drops of specific test solutions in the presence of solid surface,
air. vyGL surface energy of the gas - liquid interface,

1.2 This standard does not purport to address all of the yGS surface energy of the gas - solid interface, and
safety concerns, if any, associated with its use. It is theySL surface energy of the solid - liquid interface.
responsibility of the user of this standard to establish appro- 4.1.1 The right side of the above equation (the difference
priate safety and health practices and determine the applicabetween the surface energies of the gas - solid and solid -
bility of regulatory limitations prior to use. Specific hazards liquid interfaces) is defined as the wetting tension of the solid
statements are given in Section 8. surface. It is not a fundamental property of the surface but
depends on interaction between the solid and a particular
environment.

Note 1—This test method is equivalent to ISO 8296.

2. Referenced Documents 4.1.2 When the gas is air saturated with vapors of the liquid,
2.1 ASTM Standards: vGL will be the surface tension of the liquid. If the angle of
D 618 Practice for Conditioning Plastics for Tesfing contact is 0° the liquid is said to just wet the surface of the
2.2 1SO Standard: solid, and in this particular case (since dbs 1) the wetting
ISO 8296 tension of the solid will be equal to the surface tension of the

liquid.

3. Summary of Test Method 4.2 The ability of polyethylene and polypropylene films to

3.1 In this test method drops of a series of mixtures off€tain inks, coatings, adhesives, etc., is primarily dependent
formamide and ethyl Cellosol¢ef gradually increasing sur- Upon the character of their surfaces, and can be improved by
face tension are applied to the surface of the polyethylene dine of several surface-treating techniques. These same treating
polypropylene film until a mixture is found that just wets the techniques have been found to increase the wetting tension of
film surface. The wetting tension of the polyethylene or@ polyethylene or a polypropylene film surface in contact with
polypropylene film surface will be approximated by the surfaceMixtures of formamide and ethyl Cellosolve in the presence of

tension of this particular mixture. air. It is therefore possible to relate the wetting tension of a
polyethylene or a polypropylene film surface to its ability to
4. Significance and Use accept and retain inks, coatings, adhesives, etc. The measured

4.1 When a drop of liquid rests on the surface of a solid, andvetting tension of a specific film surface can only be related to
a gas is in contact with both, the forces acting at the interfacedcceptable ink, coating, or adhesive retention through experi-
must balance. These forces can be represented by surfa@Bce. Wetting tension in itself is not a completely acceptable
energies acting in the direction of the surfaces and it followgneasure of ink, coating, or adhesive adhesion.

that: Note 2—A wetting tension of 35 dynes/cm or higher has been
generally found to reveal a degree of treatment normally regarded as
acceptable for tubular film made from Type 1 polyethylene and intended
for commercial flexographic printing. It is, however, possible that some
other level of wetting tension may be required to indicate the acceptability

! This test method is under the jurisdiction of ASTM Committee D-20 on Plastics
and is the direct responsibility of Subcommittee D20.19 on Film and Sheeting.
Current edition approved July 10, 1999. Published August 1999. Originally

published as D 2578 — 67. Last previous edition D 2578 — 99. of polyethylene films made by other processes, or from other types of
2 Annual Book of ASTM Standardgol 08.01. polyethylene, or intended for other uses.
3 Available from American National Standards Institute, 11 W. 42nd St., 13th At the present date, insufficient experience has been gained to state a
Floor, New York, NY 10036. generally acceptable level of wetting tension for polypropylene films for
“ Registered trademark of Union Carbide Corp. for ethylene glycol monoethylcommercial flexographic printing.
ether.

*A Summary of Changes section appears at the end of this standard.
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5. Interferences 7.2 If desired, add to each of the formamide ethyl Cello-

5.1 Since the wetting tension of a polyethylene or polypro-30|Ve mixtures a very small amount of dye of high tinctorial
pylene film in contact with a drop of liquid in the presence of value. The dye used should be of such color as to make drops
air is a function of the surface energies of both the air - film anc®r thin films of the solutions clearly visible on the surface of
film - liquid interfaces, any trace of surface-active impurities inPolyethylene or polypropylene film and must be of such
the liquid reagents or on the film may affect the results. It ischemical composition that it will not measurably affect the
therefore, important that the portion of the film surface to beVetting tension of the solutions in the concentration used.
tested not be touched or rubbed, that all equipment b% Hazards
scrupulously clean, and that reagent purity be carefully™ ) o _ _
guarded. Glass apparatus in particular is likely to be contami- 8.1 Formamide may cause skin irritation and is particularly
nated with detergents having very strong surface tensiof@ngerous in direct contact with the eyes. Safety goggles
reducing ability unless specific precautions are taken to ensufould be worn when making up new test mixtures.
their absence such as cleaning with chromic-sulfuric acid and 8-2 Ethyl Cellosolve is a highly flammable solvent.

rinsing with distilled water. 8.3 Both ethyl Cellosolve and formamide are toxic and
should be handled with due precaution.
6. Apparatus 8.4 All tests should be performed with adequate ventilation.
6.1 C_otto_n-Tipped Wooden Applicaterapproximately 150 9. Sampling
mm (6 in.) in length. o _ ) )
6.2 Burets two, 50-mL. 9.1 The minimum amount of film required for this test
6.3 Bottles 100-mL, with caps and labels. depends upon the skill of the operator. This usually amounts to
one sample across the entire width of a roll in order to obtain
7. Reagents and Materials a representative value.

7.1 Prepare mixtures of reagent grade formamide 9.2 Extreme care must be taken to prevent the surface of the
(HCONH,) and reagent grade ethyl Cellosolve film sample from being touched or handled in the areas upon

(CHsCH,OCH,CH,OH) in the proportions shown in Table 1 Which the test is to be made. o
for the integral values of wetting tension in the range over °-3 Usually it will be adequate to make one determination at

which measurements are to be made. For extremely preci&RCh locatiors, ¥2, ¥aof the way across the width of the film,
work, mixtures for determining fractional values of wetting {C @Tive at an average value for the sample or to determine

tension may be made up by interpolating between the concef!Nen treatment is uneven.

trations shown in Table 1. 10. Conditioning

Note 3—Although the mixtures of ethyl Cellosolve and formamide 10.1 Conditioning—Condition the test specimens at 23
used in this test method are relatively stable, exposure to extremes Q‘OC (73.4+ 3.6°F) and 50+ 5 % relative humidity for not less
temperature or humidity should be avoided. than 40 h prior to test in accordance with Procedure A of

Practice D 618, for those tests where conditioning is required.

TABLE 1 Concentration of Ethyl Cellosolve—Formamide In cases of disagreement, the tolerances shall ##C
Mixtures Used in Measuring Wetting Tension of (_,_1 80F) and=+2 % relative humidity
Polyethylene and Polypropylene Films A i .
: ey yPropy : _ 10.2 Test Conditions-Conduct tests in the standard labora-
Formamide, Ethyl Cellosolve,? Wetting Tension,? tory atmosphere of 23 2°C (73 4+ 3 6°F) and 50+ 5 %
Volume % % dynes/cm . L ST T . -
5 1000 - relative humidity, unless otherwise specified in the test meth-
25 975 a1 ods or in this specification. In cases of disagreement, the
105 89.5 32 tolerances shall be-1°C (=1.8°F) and+2 % relative humid-
19.0 81.0 33 ity.
26.5 735 34
35.0 65.0 35
125 575 26 11. Procedure
;‘j-g f’“l;-g 257; 11.1 Wet the very tip of a cotton applicator with one of the
590 41.0 39 mixtures. Use only a minimum amount of liquid as an excess
63.5 36.5 40 of reagent can affect the end point of the test.
gzg ggg fé 11.2 Spread the liquid lightly over an area of approximately
747 253 43 6.5 cnt (1 in.) of the test specimen. Do not try to cover a
78.0 22.0 44 larger area lest there be insufficient liquid to give complete
80.3 19.7 45 coverage
83.0 17.0 46 ) _ . : . -
87.0 13.0 48 11.3 Note the time required for the continuous film of liquid
90.7 9.3 50 formed in 11.2 to break up into droplets. If the continuous film
o o3 o holds fa 2 s or more, proceed to the next higher surface
99.0 1.0 56
A Cellosolve is the registered trademark of Union Carbide Corp. for ethylene
glycol monoethyl ether. > “DuPont Victoria Pure Blue BO” at a maximum concentration of 0.03 % has
B Measured under conditions of 23 + 2°C and 50 = 5 % relative humidity. been found satisfactory.
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tension mixture, but if the continuous film breaks into droplets 13.1.1 Table 2 is based on an interlaboratory study con-
in less than 2 s, proceed to the next lower surface mixture. Alucted in 1995 in accordance with Practice E 691 involving
clean, new cotton applicator must be used each time to avoithree materials and thirteen laboratofieBach test result was
contamination of the solutions (even for successive dips intdhe average of three individual determinations. Each laboratory
the same solution). obtained three test results for each material on two days.

N o . . . 13.1.2 The values of the repeatability standard deviegon

ote 4—The solution is considered as wetting the test specimen when - . N o

it remains intact as a continuous film of liquid for at least 2 s. The reproduublllty ?t,and,ar,d deVIatIOSQ., the 95 % repeatablllty

“reading” of the liquid film behavior should be made in the center of the@nd reproducibility limits on the difference between two test

liquid film. Shrinking of the liquid film about its periphery does not resultsy andR, respectively, for different treatment levels have

indicate lack of wetting. Breaking of the liquid film into droplets within 2 pbeen determined and are shown in Table 2. The results

s indicates lack of wetting. Severe peripheral shrinkage may be caused Ryemonstrate that the precision of the results depends on the

too much liquid being placed upon the film surface. Experience with the(reatmem level (wetting tension) of the film, the higher the

test will give excellent insight into “reading” the liquid film behavior. treatment level, the higher the variability bet’ween single test
11.4 Proceeding in the direction indicated by the results ofesults obtained in different laboratories, or the lower the

11.3, continue repeating 11.1 through 11.3 until it is possible tgyrecision.

select the ethyl Cellosolve-formamide mixture that comes o ) )

nearest to wetting the film surface for exactly 2 s. The surface NoTe 6—Caution: The following explanations of and R are only

¢ . f thi it in d timetre i lled th intended to present a meaningful way of considering the approximate
ension o IS miXture in dynes per centimetre Is calle recision of this test method. The data in Table 1 should not be rigorously

wetting tension of the polyethylene or polypropylene film applied to the acceptance or rejection of material, as those data are specific
specimen. to the interlaboratory study and may not be representative of other lots,

conditions, materials, or laboratories. Users of this test method should
pply the principles outlined in Practice E 691 to generate data specific to
eir laboratory and materials, or between specific laboratories. The
rinciples 13.1.3-13.2 would then be valid for such data.

Note 5—Since the surface tension of the formamide/ethyl cellosolve
solutions can change, for example, through evaporation of one or bo
components, or through contamination, and is dependent upon temper;
ture, the actual surface tension of the solution that wet the film for exactl
2 s should be measured. This can be accomplished very simply with a 13.1.3 Definitions
surface tensiometér. 13.1.3.1§ = the within laboratory standard deviation for the

11.5 Experience with this test has shown that on occasiotldividual material. It is obtained by pooling the within-
erroneous wetting tension results can be obtained when tHaboratory standard deviations of the test results from all of the
final wetting tension is determined by working progressively toParticipating laboratories. . o
lower surface tension mixtures when practicing 11.1-11.4. Itis 13.1.3.25 = the between-laboratories reproducibility, ex-
recommended that the test analyst should check the reportédiessed as standard deviation.

Wetﬂng tension of the film by Working progressive|y to h|gher 13.1.3.3r = the Within'laboratory critical interval between

surface tension mixtures. two results = 2.8¥ S, The two test results should be Judged
not equivalent if they differ by more than thelyne/cm for that
12. Report treatment level.
12.1 Report the average value of the Wetting tension of each 13.1.3.4R = the between-laboratories critical interval be-
Samp|e to the nearest 0.5 dynes/cm. tween two results = 2.& S? The two test results should be

12.2 If the polyethylene or polypropylene film has beenjudged not equivalent if they differ by more than Relyne/cm
unevenly treated, it may not be possible to arrive at a singléor that treatment level.
value of wetting tension. In this case, report the individual 13.1.3.5 Any judgment in accordance with 13.1.3.1 and
values whenever the largest value exceeds the smallest by mok8-1.3.2 would have an approximate 95 % (0.95) probability of

than 1 dyne/cm. being correct.
o . 13.2 Bias—No statement can be made about the bias of this
13. Precision and Bias test method because wetting tension is defined in terms of the
13.1 Precision test method.

8 The Fisher Surface Tensiometer, Model 20, has been found satisfactory for this 7 Supporting data are available from ASTM Headquarters, Request RR:D20-
application. 1009 .

TABLE 2 Interlaboratory Study Results.

Treatment Average

. Repeatability Reproducibility
Material Powezr, Wett_lng Standard Standard r R
Wit Tension, . -
. Deviation, S, Deviation, Sk
/min dyne/cm
PP film 20 39.45 0.74 1.97 2.06 5.52
PP film 16 36.27 0.32 1.85 0.90 5.19
PP film 0.5 33.07 0.38 0.87 1.06 2.43
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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 2578 -99a:
(1) An ISO equivalency statement was added as Note 1.

ASTM International 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
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