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1. Scope®

1.1 These test methods cover procedures for assessinmﬁb‘

adhesion of relatively ductile coating films to metallic
strates by applying and remoyi pressure—tﬁmsitive tape over
cuts made in the film. #- Ay

) PO ded for use in the field

1.2 Test Methath Tim
while Test Met 15 suitable for use in laboratory or

shop environm [ﬁlmo Test Method B is not considered
suitable ﬁw&t icker than 125pm (5 mils) unless wider
spaced cuts are employed and there is an explicit agreement
between the purchaser and seller.

1.3 These test methods are used o evaluate whether the
adhesion of a coating to a substrate is adequate for the user’s
application, They do not distinguish between higher levels of
adhesion for which more sophisticated methods of measure-

meni are required. s
[ {ﬂ&ﬂr}nal techni-
i

1.4 This test method is sim# L
cally equivalent} to IS
. %l _
1.5 ITn multicoat sy %@dﬁﬁ n failure may occur be-
tween coats so that lh%ﬂe ion of the coating system to the
ed.,

substrate is not %ﬂﬁ

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

1.7 This standard does nat purport to address the safety
concerns, if any, associated with its wse. It is the responsibility
of the user of this standard io establish appropriate safery and

health practices and determine the apph'mb%::f rsg’fi{tﬁr_\-'
limitations prior to use. N, f:'it
R e
AR

! These test methods are under the PMelBibion of ASTM Commitiee DO on
Paint and Related Coatings, 5. and Applications and are the direct
responsibility of Sabcommitee BO1.23 on Physical Properties of Applied Paint
Filrns.

Current edition approved Feb, 1, 20017, Published March 2007, Originally
approved i 1974, Last previous edittan approved in 2009 as D335 - 097, DOT
10.1520/D3359-17.
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3.1.1 adhesion, n—the molecular attraction and mechanical
honds between a coating and i1s substrate,

3.1.2 batch, n—as it pertains to tape, a unigque production
run during manufacturing.

3 blemish, n—an obvious surface flaw, such as cracking
or discoloration of the coanng.

3.1.4 environmental conditions, n—the characteristics of the
immedriate surroundings during the tests, such as temperature,
and relative humidiry.

3.1.5 immersion conditions, n—the characteristics of the
Nuid 10 which the lest specimen was exposed, such as type of
Auid, temperature of Auid and duration of immersion.

3.1.6 fap, n—one complete turn of the tape on a roll; the
outer exposed layer of tape.

3.1.7 lattice paitern, n—one series of parallel lines inter-
sected by another set of parallel lines that are at 907 Lo
centered on the first seL.

3.1.8 mean, n—the clas % ratin; is obtained by
adding together the ﬁ\ tion ratings of the
tests performed ﬂ;mh umber of tests, frequently
rounded to the { numbw classification rating,

3.1.9 pre &é& tive fape, n—iape with an adhesive that
requires Htﬁb degree of pressure, and only pressure, to
adequately bond to a surface,

3.1.10 range, n—the span of classification ratings for a set
of tests, from mimmum classilication rating 0 maximum
classification rating.

3101 salvent, n—a liquid agent capable of dissolving or
dispersing contaminants from the surfagg of the coating or film.

3.1.12 substrare, n—the St fﬁt'ﬁi‘hﬁnealh the
coating or film being fes :ﬂ,

3113 template, n '
distributed, parallel s ﬁc is

plan. Lonmmng evenly

lit a guide in generating the
lattice pattern wbﬁpﬁé’umpamud by a single-blade cutting
tool.

3.1.14 rest specimen, n—the object whose coatings adhesion
is of interest,

4. Summary of Test Methods
4.1 Test Method A—An X-cut 15 made through the Ii]m m

the substrate. pressure-sensitive tape is &ppllﬂ r the c
then removed. and adhesion is <l5525& ln

5 scale.

42 Test Method B—A latii ] wuh either s1x or
eleven cuts in each directionj e through the film to the
substrate, pressure- bensuﬁb%pe is applied over the lattice
pattern and then removed, and adhesion ig assesced gualita-
tively on a 0 to 5 scale.

4.2.1 Subject to agreement between the purchaser and the
seller, Test Method B can be used for films thicker than 125 pm
(5 mils) if wider spaced cuts are employed.

s

5. Significance and Use

5.0 In order for a coating is to fulfill its function of
protecting or decorating a substrate, the coating must remain
adhered 1o the substrate. Because the substrate and its surface
preparation (or lack thereof) have a drastic effect on the
adhesion of coatings, a method 1o evaluate adhesion of a
coating to different substrates or surface treatments, or of
different coatings to the same substrate, is of considerable
usefulness in the industry.

5.2 This test method is imited o evaluating lower levels of
adhesion (segl.3). The intra- and inter-laboratory precision of
this te is sipyld o other test methods for coated

. Test Method D2370 and Test Method
ﬁf insensitive to all but large differences in
imiting the range of rankings from 0 to 3 reflects

ﬁ#ﬁldﬁl]ll}f of this test method to make fine distinctions

[B*]

between levels of adhesion. Users shall not use intermediate
values tor ranking adhesion tests within this method.

5.3 Extremes in temperatures or relative humidity may
affect the adhesion of the tape or the coating.

54 A given tape may nol adhere equally well to different
coatings due to several factggs. including differences in coating
composition and lnp s .Ep single tape is likely to

be suitable . Furthermore, these test
methods dt@ : ﬁé mlue for the force required for
bond ruptur %bes only as an indicator that mmﬁ.
minimi fur bond strength was mel or exceeded (1, 3.2
? %ﬂﬂtor\ performing these test methods musi be trained
and practiced in order to obtain consistent results. The accuracy
and precision of the test result obtained by using these methods
depends largely upon the skill of the operator and the opera-

tor’s ability to perform the test in a consistent manner. Key
steps that directly reflect the importance of operator skill
mclude the angle and rate of remova al apd the visual
assessment of the tested s xpected that
different operators w 11 dl@ﬁﬂeiu]ls (1. 2).

3.6 The standar ires fkﬁﬁfhc free end of the tape be
removed rapidly al gs (6 a 180° angle as possible. When
the peel angleg 0&3 vary, the force required to remove the
tape can change dramatically due to the rheclogical properties
of the backing and adhesive, Variation in pull rate and peel
angle can effect large differences in test values and must he
minimized to assure reproducibility (3).

Nome 1—These 1est methods have been reported being used fo measure
adhesion of organic coatings on non-metallic substrates (for example.
wood and plastic), although related precision and bias data is lacking., If
testing coatings an non-metallic substrates, either Test Method A or Test
Method B mav be more appropriate and the method emploved should be
discussed by interested parties. Issucs with plastic substrates are noted in
Appendix X1. A similar st method, 1SO 2409, permits tests on

nop-metallis coberrarae (e avamnls  weval and slacter) Prosicion and
e R R R T R A e P L R P P et e F R

bias data on the latter is lacking. Test Method D3339 was developed with

©The boldface numbers in purentheses refer to the list of references at the end of
this test method.
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metal as the substrate and, in the absence of supporting precision and bias
data, is 50 limited.

TEST METHOD A—X-CUT TAPE TEST

6. Apparatus and Materials

6.1 Curting Tool—Sharp razor blade, scalpel, knife or other
fine-edged cutting device. The cutting edges shall be in good
condition, preferably new or newly sharpened.

6.2 Cutting Guide—Steel or other hard metal straightedge to
ensure straight cuts.

6.3 Tape—25-mm (1.0-in.) wide transparent or semitrans-
parent pressure-sensitive tape with an adhesive peel strength
between 6,34 Nfcm (38 ozfin.) and 7.00 Nfcm (64 oz/in.), as
tested in accordance with Test Method D3330/D3330M, Test
Method A, (equivalent to PSTC 101) and utilizing a 90 second

dwell time on a standard steel panel, E\“
&

6.3.]1 Other tapes may be used by agreement between 1

parties involved. %. S

6.3.2 Due 1o variabili Iik mwﬁ#ﬁth from batch-to-
batch and changeﬁh ﬁnies of tapes over time,
tape from the same used when tests are to be run
in different Iahnra ‘hen use of the same batch is not
followed the lﬂﬂit.thud shall be used only [or ranking a series
of test coatings, Refer to X1.5

for additional information

6.4 Pressure Application Device—Although other devices
may suffice, a rubber eraser or rubber roller is commonly used
to ensure good and uniform wetting of the coating with the
adhesive of the tape.

6.5 HHuwmination—A light source is ﬁ plul in de

rining

whether the cuts have been m 1o the

substrate. i K

7. Test Specimens T“

7.1 When this te d is used in the field, the specimen
15 the coated structure or article on which the adhesion is to be
evaluated.

7.2 For laboratory use apply the materials to be tested to
panels of the composition and surface conditions on which it 15
desired 1o determine the adhesion,

Note 2—Applicable test panel description and sugf,
methods are given i Practice D609 and Practices

Note 3—Coatings should be applied in
or as agreed upon between the purchay

Nore 4—If desired or specified, the
io a preliminary exposure such as wajer, 3
humidity before conducting the
exposure will be governed by ul
hetween the purchaser and seller.

823,

Is may be suhjected
raion, salt spray, or high
5. The conditions and time of
e coating use or shall be agreed upon

8. Procedure

8.1 Select an area free of blemishes and minor surface
imperfections. The area chosen for testing shall be clean and
dry.

8.1.1 For specimens which have been immersed: After
immersion, clean and wipe the surface with an appropriate
solvent which will not harm the integrity of the coating. Then

dry or prepare the surface, or both, as agreed upon between the
purchaser and the seller.

8.2 Make two cuts in the film cach about 40 mm (1.5 in.)
long that intersect near their middle with a smaller angle of
beiween 30 and 45°. When making the incisions, use the
straightedge and cut through the coating to the substrate in one
steady motion,

8.3 Inspect the incisions for reflection of light from the
metal subsirate to establish that the coating film has been
penetrated., If the substrate has not been reached make another
X in a different location. Do not atiempt (o du,pu.n a previous
cut as th;q affect adhesmn along the incision.

ﬁilemng. hefore initiation of testing,

ﬁ% Wi ete laps of tape from the roll and discard.
ma“‘h.ﬁ'l additional length at a %tr:ady (that is, not jerked)

,Eﬂ nd cut a piece about 75 mm (3 in.) long,

8.5 Place the center of the tape at the intersection of the curs
with the tape running in the same direciion as the smaller
angles. Smooth the tape into place by finger in the area of the
incisions taking care not (o entrap air under the tape. Rub
firmly over the surface of the tape with the pressure application
device unul the color is ugidorm in appearance. This indicates

good, uniform mntﬁ'ﬁ %tape s adhesive and the
codling surfa g:"i"-

8.6 Wimﬁ!} + lﬂﬂnﬁ‘appllcatmn remove the tape by
seizing the I mand pulling it off rapidly (not jerked) back
upon uﬂ as close to an angle of 1807 as possible.

ﬁ Inspect the X-cut area for removal of coating from the
substrate or previous coating and rate the adhesion in accor-
dance with the following scale:

5A  No paeling or removal,
44 Trace pesling or removal along incisions or al thelr intersection,

34 Jagged removal along Incisions up e 1.6 mm (Ve in) on either side,
28 .Jagged ramaval along mslﬁ#m 032 ,1,.5'“, in.) on elther
%: ﬂﬁw tape, and
the ﬁ

1A F!ermual from mios|
04 Removal hwunﬁ
8.8 Repeat the tesi 1 “&ﬁh}er locations on the test surface,

For large strug I-u. sufficient tests Lo ensure that the
adhesion eval on 15 rtpresentatwe of the whole surface.

8.9 Afier making several cuis examine the cutiing edge and,
if mecessary. remove any flat spots or wire-edge by abrading
lightly on a fine oil stone belore using again. Discard cutiing
tools that develop nicks or other defects that tear the film.

9. Report

9.1 Report the substrate employed, the type of coating and
the method of cure, if known.

9.2 Report the number of tests, their mean and range.

9.3 Report the adhesion strength of the pressure-sensitive
tape determined in accordance with Test Method D3330/
D3330M, Test Method A, (equivalent to PSTC 101) and
utilizing a 90 second dwell time on a standard steel panel.

9.3.1 Where the adhesion strength of the tape has not been
determined, report the specific product name of the tape used,
the manufacturer and the lot number, if available.
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94 Report an estimate of the interface al which the coating
failure occurred as indicated by visible peeling or removal of
the coating. For example, between the first coat and substrate,
between the first and second coats, ete.

9.5 For field tests, report the type of coating (where known),
the structure or article tested, the location and the environmen-
tal conditions at the time of testing.

9.6 If the test is performed after immersion, report immer-
sion conditions, fime between immersion and festing, and
method of sample preparation.

10. Precision and Bias’

10.1 In an interlaboratory study of this test method in which
operators in six laboratories made one adhesion measurement
on three panels each of three coatings covering a wide range of
adhesion, the within-laboratories standard deviation was found
to be 0.33 and the between-laboratories (.44, Based on these

standard deviations, the following criteria should be used fo '&
1

judging the acceptability of results at the 95 % confide
level:

10.1.1 Repearcabrhn'—l:'mmmo ﬂ‘nﬁufnrm over a
large surface, results ot opemlor should be
considered suspect | %{ ore than | rating unit for
Wo measurements.

10.1.2 Repro ﬁérﬁ*—']\m results, each the mean of
triplicates, obtathed by different operators should be consid-
ered suspect if they differ by more than 1.5 rating units.

10.2 Bias cannot be established for these test methods.

TEST METHOD B—CROSS-CUT TAPE TEST

11. Apparatus and Materials

R e
11.1 Cutting Tool *—Sh ’;%i %lpel knife: or
other cutting device havin L g\ﬁﬁe‘ing]e between 15
and 307 that will make ei %’!ﬂ“‘lngle cut or several cuts at
once. The cuiting ed e in good condition, preferably
new or newly :-sharpeﬁ*

11.2 Cutting Guide—If cuts are made manually {as opposed
to a mechanical apparatus) a steel or other hard metal straight-
edge or template to ensure straight culs.

11.3 Rule—Tempered steel rule graduated in 0.5 mm for

measuring individual cuts,
B e
11.4 Tape, as described in 6.3, X .Eﬁ ﬂheﬁ
E&aﬁkﬁ 6.4
11.6 MHumination, as desanbed
11.7 Magnifving Ga’a.u—"‘h% uminated magnifier to be
used while making individual cuts and examining the test area,

11.5 Pressure Application Devi

! Supparting data have been filed at ASTM Intemational Headquarters and may
he shtained by requesting Research Repont RE:DO1- 1008, Comact ASTM Customer
Service at service @astim.org.

* Multiblade cutters are available from a few sources that specialize in testing
equipment for the pamt industry.

12. Test Specimens

12.1 Test specimens shall be as described in Section 7. Tt
should be noted. however, that multitip cutters” provide good
results only on test areas sufficiently plane that all cutting edges
contact the substrate to the same degree. Check for flatness
with a straight edge such as that of the tempered steel rule
(11.3),

13. Procedure

13.1 Where required or when agreed upon, subject the
specimens to a preliminary test before conducting the tape test
(see Note 4). Afier drying or testing the coating, conduct the
tape test at room temperature as defined in Specification
D3924, un%D?-chl s&mdard lemperature is required or

ens which have been immersed: Alter
ﬁean and wipe the surface with an appropriate
S0 ich will not harm the integrity of the coating. Then

ﬁﬁy or preparc the surface, or both, as agreed upon between the

purchaser and the seller.

cut: hrukh the film lightly

imperfections, place on a firm base, and under the illuminated
including 50 pm (2 m ﬂ‘lt cuts 1 mm apart and make
eleven cuts unle
MY mils), space the cuts 2 mm apart and
make six culs
ag nt between the purchaser and the seller, Test Method B
13.2.3 Make all cuts about 20 mm (%4 in.) long. Cut through
reach the substrate. When C-Lt!s'\l qjlngle cuts with
with a soft brush or u:,fit remove any detached flakes or
any flat spots or wire-edge by abrading lightly on a fine oil

13.2 Select an area free of blemishes and minor surface
magnificr, make parallcl cuts as follows:
13.2.1 For coatlngs hﬂmng a dry film thickness up to and
é- §Bupon.
13.2.2 Fi igg #n@. ry film thickness between 50
pm (2 mils)
bt films thicker than 125 pm (5 mils), it is
mmended to use Test Method A. Subject to
can be used for films thicker than 125 pm (5 mils) if wider
spaced cuts are employed.'”
the film to the substrate in one steady motion using just
sufficient pressure on the cutting tgol to have the cutting edge
the aid of a gutdﬂ. pla ig o nu.ul area.
13.3 After makl
ribbons of coatipgy
134 Examine the cutting edge and, if necessary, remove
stone. Make the additional number of cuts at 907 to and
centered on the original cuts.

13.5 Brush the area as before and inspect the incisions for
reflection of light from the substrate, If the metal has not been
reached make another grid in a different location.

*The sole source of supply of the mulitip cutter for coated pipe surfaces knowa
Lo the committee at this ime is Paul N. Gardner Co., 316 NE First 51, Pompano
Beach, FL 33060, If you are aware of alternative suppliers, please provide this
information to ASTM International Headquarters. Your comments will receive
careful consideration at 2 meeting of the responsible technical committee,” which
vou may attend.

" Test Method B has been used successfully by some people on coatings greater
than 0.13 mm (5 mils) by spacing the cuts 5 mm apart. However, the precision
values given in 15.1 do not apply as they are based on oatings less than (113 mm
{5 mils} in thickness,
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13.6 Al each day of testing, before initiation of testing,
remove two complete laps of tape from the roll and discard.
Remove an additional length at a steady (that is, not jerked)
rate and cut a piece about 75 mm (3 in.) long,

13.7 Place the center of the tape over the grid and in the area
of the grid. Smooth the tape into place by finger in the area of
the incisions taking care not 1o entrap air under the tape. Rub
lirmly over the surface of the tape with the pressure application
device until the color is uniform in appearance. This indicates
good, uniform contact between the tape™s adhesive and the
coating surface.

13.8 Within 90 * 30 s of application, remove the tape by
seizing the free end and rapidly (not jerked) back upon itself at
as close to an angle of 18(0° as possible.

13.9 Inspect the grid area for removal of coating from the
substrate or from a previous coating using the illuminated
magnifier, Rate the adhesion in accordance with the following
scale illustrated in Fig. 1;

48 Less than
%
T el
i 5 - 15% .‘Frl‘“ : i‘ﬁﬁ‘
8 15 - 35% =]
I (1l
18 35-65% -:‘iﬁ .r:
L%
it} G%mn .ﬁhﬂﬁe

FIG. 1 Classification of Adhesion Test Resulis for Test Method B

-&hﬁ

5B  The edges of the culs are completely smaath; none of the squares of the
latice is detached.

4B Small lakes of the coating are detached at intersections; less than 5 %
ol the area is allected.

3B Small lakes of the coating are detached along edges and at
intersections of cuts, The area affected is 5 10 15 % of the lattice.

2B The coaling has flaked along the edges and on parts of the squares.
The area affected is 15 to 35 % of the lattice.

1B The coaling has flaked alang the edges of culs in large ribbons and
whole squares have datached. The ares affectad is 35 to 65 % of the
lattice.

OB Flaking and detachment worse than Classification 18,

13.10 Repeat the test in two other locations on each test
panel.

14. Report

e employed, the type of coating and

Df\iﬂel known.
: 3\{‘&;0[[ the number of tests, their mean and range.

E:."ll‘l .3 Report the adhesion strength of the pressure-sensitive
tape determined in accordance with Test Method D3330
D3330M, Test Method A (equivalent to PSTC 101) and
utilizing a 90 second dwell time on a standard steel panel.

14.3.1 Where the adhesion strength of the tape has not been
determined, report the specific product name of the tape used,
the manufacturer and lhwumbcr, if available.

14.4 Report an esifi he {grmce at which the coating
failure occu yiditalg 151blc peeling or removal of

the coating. tween the first coat and substrate,
between the F 5 second coats, ete.

ﬁ Eﬁg test is performed after immersion, report immer-
siof Oﬂdll]UI'I‘x. time between immersion and [E‘”&illlg, and
method of sample preparation.

15. Precision and Bias’

5.1 On the basis of two interlaboratory tests of this test
method in one of which operat six laborgtories made one
adhesion measurement op ﬁ?ﬁeh gh'ol three cnmingq
covering a wide raj R‘g €510 the other operators in
six laboratories m @mmq on two panels each
of four different co Lupplied over two other coatings, the
pooled stan &?ﬁatmna for within- and berween-
laboratories Fuund to be (.37 and 0.7. Based on these
standard devialions:. the following criteria should be used for
judging the acceptability of results at the 95 % confidence
level:

15.1.1 Repeatability—Provided adhesion is uniform over a
large surface, results obtained by the same operator should be
considered suspect if they differ by more than one rating unit
for two measurements.

15.1.2 Reproducibility—Two results, each the mean of du-
plicates or trinlicates, ohtained by different onerators should he

considered suspect if they differ by more than two rating units.

15.2 Bias cannol be established for these test methods.
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15.3 The manufacturer of the wape used in the interlabora-
tory study (see RR:DO1-1008) has advised this subcommittee
that the properties of the tape used in that study have changed
since the study was performed and may not be relevant. Users
of it should, therefore, check whether current material gives
comparable results to previous supplied material.

16. Keywords

16.1 adhesion; crosscut adhesion test method; tape: tape
adhesion test method: X-cut adhesion test method

APPENDIX

(Nommandatory Information)

X1. COMMENTAR !#,
: ﬁ, 3“15

XL1 Introduction

X1.1.1 Given the complexities of the adhesion process, can
adhesion be measured? As Miwal (4) has pointed out. ﬁ
answer is both yes and no. It is reasonable to state that at
present time no test exists thdl'. rec;hely assess the actual
physical strength of an adhgs !ﬁd n also be said
that it is possible to u qih of relative adhesion
performance.

X1.1.2 Practical ﬁbn test melhnds are generally of two
types: "r'mpheﬁ direct.” “Implied” tests include indenta-
tion or scribe Yechniques, rub testing, and wear testing. Criti-
cism of these tesls arises when they are used to guantify the
strength of adhesive bonding. But this, in fact, is not their
purpose. An “implied” test should be used 1o assess coating
performance under actual service conditions. “Direct”
measurements, on the other hand, are intended expressly to
measure adhesion. Meaningful tests of this type are highly
sought after, primarily because the are € n;fﬁ;ed by a

single discrete quantity, the 'ﬁﬁ 38" rupture the
coating/substrate  bond nﬁ, tonditons. Direct
tests include the Hesio aeq1 Adhcmmutcr (5). Com-

mon methods which a e direct tests are peel, lap-

shear, and tensile lqh
X1.2 Test Methods

X1.2.1 In practice, numerous types of tests have been used
to attempt to evaluate adhesion by inducing bond rupture by
different modes, Criteria deemed essential for a test to warrant
large-scale acceptance are: use of a straightforward and unam-
biguous procedure; relevance to its mln.nd-.d matmn,
peatability and reproducibility; and quan ﬁh
meaninglul rating scale for asses

X1.2.2 Test methods used fm% ";h meuﬂk are: peel
adhesion or “lape testing; Gard. #ﬂd Nexibility testing:
and adhesive joint testing i ing th:ar (lap joint) and direct
tensile (butt joint) testing. These tests do not strictly meet all
the criteria listed, but an appealing aspect of these tests is that
in most cases the equipment/instrumentation is readily avail-
able or can be obtained at reasonable cost.

X1.2.3 A wide diversity of tests methods have been devel-
oped over the years that measure aspecis of adhesion (4-8).

There generally is difficulty, however, in relating these tests (¢
basic adhesion phenomena.

@}?“&‘

By far the most prevalent test for evaluating coating

ﬁehdht.smn is the tape-and-peel test, which has been used since

the 193()'s. In its simplest version a piece of adhesive tape is
pressed against the paint film and the resistance o and degree
of film removal observed when the tape is pulled off. Since an
intact film with appreciable adhesion is frequently not removed
at all, the severity of the test is usually enhanced by cutting into
the film a figure X or a cygss hatched pattern, before applying
and removing the tmﬁ:@imn isthen rated by comparing
film remove 5 e:ﬁ{:ﬁﬂed rating scale. If an intact
film is pee l®an e tape, or if it debonds just by
cutting into it w “applying tape, then the adhesion is rated

Mmply a Eﬁ: r very poor, a more precise evaluation of such
li’hﬂng within the capability of this test.

X1.3.2 The current widely-used version was first published
in 1974; two test methods are covered in this standard. Both
test methods are used to establish whether the adhesion of a
coating to a substrate is at an adequate level; however they do
not distinguish between higher levels of adhesion for which
more sophisticated m-:thmﬁT asurer are required.

Major limitations of sL gl low sensitivity,
applicability only s of My low bond sirengths,
and non-determina &{5 sion to the subsirate where

failure occurs w gle coat, as when testing primers
alone, or witly ﬁ#elwem coats i multicoal systems. For
multicoat H}filEIi‘l‘i where adhesion failure may occur between
or within coats, the adhesion of the coating system to the
substrate is not determined.

X1.3.3 Repeatability within one rating unit is generally
abserved for coatings on metals for both methods, with
reproducibility of one to two units. The tape test enjoys
widespread popularity and is viewed as “simple” as well as low
in cost. Applied o metals, it is economical to perform, lends
itself o job site application, and most importantly, after
devales of v, prophe Tedh wwmbertaklie with W

X1.3.4 When a flexible adhesive tape is applied to a coated
rigid substrate surface and then removed, the removal process
has been described in terms of the “peel phenomenon,” as
illustrated in Fig, X1.1.

X1.3.5 Peeling begins at the “oothed” leading edge (al the
right) and proceeds along the coating adhesive/interface or the
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FIG. X1.1 Peel Profile (6)

coating/substrate interface, depending on the relative hond

strengths. It is assumed that ing remoygl occurs when the
tensile force generated la Grface, which is a

function of the ﬁﬁ; a es of the backing and
adhesive layw@ 15 4% er than the bond strength at the
coating-substrate mFﬂkaJ!e (or cohesive strength of the coat-
ing). In actpahi Ehuwcver. this force is distributed over a
discrete diﬁlce {O-A) in Fig. X 1.1, which relates directly to
the properties deseribed, not concentrated at a point (Q) in Fig.
X1.1 as in the theoretical case—though the tensile force is
greatest al the origin for both, A significant compressive force
arises from the response of the tape backing material to heing
stretched. Thus both tensile and compressive forces are in-
volved in adhesion tape testing,

X1.3.6 Close scrutiny of the ﬁ;l wil?@ﬁ:ecl to the
nature of the tape emp ﬁl C :ﬂﬁﬁ spects of the
procedure itself reves Gkt h or any combination

of which can dramai 1'E the results of the test as
discussed (9). aﬂ
L4 ]

X1L4 Peel Adhumn Testing on Plastic Substrates

X141 Tape tests have been criticized when wsed for
substrates other than metal, such as plastics. The central issues
are that the test on plastics lacks reproducibility and does not
relate to the intended application. Both concerns are well
founded: poor precision is a direct result of several factors
intrinsic to the materials employed and the pprocedure itself.
More imporiantly, in this instance lhe, 'Wﬁ?ﬂd

designed

beyond its intended scope. These %
for relatively ductile coatings % Igtl I substrates, not
for coatings (ofien brittle) a %astic parts (1). The
unigue funcliona! requi f coatings on plastic sub-
strates cause the usua tests t0 be unsatisfactory for
measuring adhesion performance in practice.

X1.5 The Tape Controversy

X1.5.1 With the withdrawal from commerce of the tape
specified originally, 3M No. 710, current test methods no
longer identify a specific tape. Differences in tapes used can

lead to different results as small changes in backing stiffness
and adhesive rheology cause large changes in the tension area.
Some commercial tapes are manufactured to meet minimum
standards. A given lot may surpass these standards and thus be
suitable for general market distribution; however. such a lot
may be a source of serious and unexpected error in assessing
adhesion, One commercially available tape test kit had in-
cluded a tape with adhesion strength variations of up 10 50 %
claimed by the manufacturer. Also, because tapes change on
storage, hond strengths of the tape may change over time (1, 2).

X1.5.2 The specific choice for the range of recommended
adhesive peel strengths for appropriate tapes of 6.34 Nfcm (58
ozfin.) to T.P0 Nfem (64 oz/in.) was not chosen arbitrarily.
Rece tﬁps of thiggtandard had recommended the use of

;L Sﬁsﬁﬂ‘:el P-99 tape. This tape was very popular
d™vas yaplehionly used in accordance with Test Method
33 many years. However, this tape was discontinued by

ﬁaﬂmanuﬁcturen While the tape was still available and within
0

its recommended shelf life, samples were senl to an indepen-
dent laboratory for testing. The results of the testing showed
that the Permacel product had an average adhesive peel
strength on steel of 6.67 N/ecm (61 oz/in.) when tested in
accordance with Test Method D333(0/D3330M, Test Method A
(equivalent to PSTC 101) and utilizing a 90 second dwell time,
In order to maintain a inuous testing program for current
users of the slundnﬁ%ge akaye was set to be in line with
the discontj % 1 'EW . At the time of this revision
o the SEH@L .-cvqiqg\l s were reported to be advertised as
Permiacel P-9 acements and suitable for use with Test
Meth Y49_ To locate these sources, perform a relevant
i search or contact your coatings testing supplier to ask
;%?‘their recommendations of compliant tape,

X1.6 Procedural Problems

X1.6.1 Visual Assexsment: The final step in the test is visual
assessment of the coating removed from the specimen, which
is subjective in nature, so 'ch:aﬁE coatings gan vary among
individuals evaluating [l ci

amount of coati

i the test is based on the
The exposure of the Il

‘rsdth(_ﬁ ared to a descriptive scale,
wilfsirale can be due to factors other than
coating adhesj Tuding that arising from the requirement
that the coalfig be cut (hence the synonym®™ cross-hatch
adhesion test”). Justification for the cutting step is reasonable
as cutting provides a free edge from which peeling can begin
without having to overcome the cohesive strength of the
coating layer.

X1.6.1.2 Cutting might be suitable for coatings applied o
metal substrates, but for coatings applied o plastics or wood,
the process can lead to a misleading indication of poor
adhesion due to the unigue intesfacial 7one. For coatings on
soft substrates, issues include how deep should this cut
penetraie, and is it possible to cut only to the interface?

X1.6.1.3 In general, if adhesion test panels are examined
microscopically, it is ofien clearly evident that the coating
removal results from substrate failure at or below the interface,
and not from the adhesive failure between the coating and the
substrate. Cohesive failure within the coating film is also
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frequently observed. However, with the tape test, lailures
within the substrate or coating layers are rare because the tape
adhesive is not usually strong enough to exceed the cohesive
strengths of normal substrates and organic coatings. Although
some rather brittle coatings may exhibit cohesive failure, the
tape test adhesion method does not make provision for giving
failure locality (1, 2).

X1.6.2 Use of the test method in the field can lead to
variation in test results due to temperature and humidity
changes and their effect upon tape, coating and substrate.

X1.6.3 Test Method B has been used successfully, without
affecting adhesion test results, by some coil coating users on
coatings up to and including 50 pm (2 mils) by spacing the cuts
2 mm apart. While this may be an agreement between
purchaser and seller, the precision values given in 15.1 do no
apply, as they are based on cuts 1 mm apart.

X1.6.4 Some have found that the use of a suitable mechani-

cal device is helpful in minimizing some of the Vﬂriablestﬂ

placing the tape onto the coatings (see 8.5 and 13.7) and

removing the tape from the ¢ (see & 13.8) which
mainiains consistent pﬁ ﬁﬂkﬂ' uring application
X

and ensures a 1805
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SUMMARY OF CHANGES

Committee D01 has identified the U-catlc-n of, selected changes to this standard since the last issue

(D3359-09"%) that may 1mpa-.t | hu.

i[ Method A or
ﬂlc substrates. It was
d moved into Section 5 via

{1) Note 1 of the scope was rev
Merthod B for coatings on eof
subsequently deleted as a
Revision {10} halaw:

{2) A reference to PSTC 101 was added to Section 2.2 in
Referenced Documents.

{3) Footnote 5 was added to identify the source of PSTC 101,
{4) Section 3 on Terminology was added in its entirety.

{5) Section 6.3 regarding the recommended tape for use with
this standard was revised to suggest a range of acceptable peel

d (Approved February 1, 2017.)

adhesion strengths for these tapes. This choice was made 1) to
provide more guidance to current users of the standard and 2)
to eliminate references to specific tapes that my or may not be
avatlalle in the future.

{61) Footnote & in Section 6.3 was removed.

{7} All units were rearranged to list the SI value first.

(&) Section X1.5.2 was added to Appendix X1.5. This section
was added to aid users in selecting a viable tape.

{9) Changed the title to reflect that the test method results in a
rating of a coating, not a true measurement.
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{10) Overhauled the scope. Moved Note 1 of the scope to
Section 5 and moved Note 2 to Section 4. Deleted Note 3
altogether.

{11) Revised 3.1.9 1o describe “Pressure Sensitive Tape” rather
than the term “Pressure Sensitive.”

{12) The descriptions of the test methods in Section 4 were
revised to utilize parallel language.

{13) Section 5 was revised for clarity.

{{4) Renumbered Sections as needed.

{15) Footnote 6 was deleted and its text was moved 1o a new
15.3.

{16) Sections 6.4 and 11.5 were revised to more clearly
describe what is required.

ASTM International takes no position respecting the validity of
inn this standard. Users of this standard are expressly advised that
of infringement of such rights, are enfirely their own responsibilify.

This standard is subject to revision af any time by the r

{17) Revised Sections 8.5 and 13.7 to update the use of the
pressure application device.

{18) Maodified the reporting recommendations in Section 9 and
Section 14,

{19) Section X1.5.2 was deleted from the appendix and its
content was moved into Section 5.4.

{20) Section X1.6.1 was deleted from the appendix and its
content was moved into Section 3.5.

{21) Section X1.6.2 was deleted from the appendix and its
content was moved into Section 3.6.

22) Section X1.5.2 {newly numbered) was edited to remove
the reference pecific test tape suppliers per ASTM guide-

lines.
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