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Standard Test Methods for

Measuring Adhesion by Tape Test’

This standard is wsued neder the im,d designation 1
ariginal adoption or, in the of revision. the vear of

A ihc, mtmbﬂ immediately following the designation indicates the vear of

A pwnber in parenthesey tndicates the vear of ast reapproval, A

superseript epsilon (e} indioies un editorial change unve e §;f.si revision o reapproval,

This sfandard fias been approved for use by agenecies of the Deporiment of Befense.

1. Scope®

1.1 These test methods cover procedures for ing the
adhesion of coating films o metallic substraies by applying and
removing pressure-sensitive tape gver cuts made in the film.

Nore [--This test method has been reported being used to measure
adhesion of organic contings on soft substrates (Tor example, wood and
plastic ). kssues with plastic substrates are noted in Appendix X 1. A similar
test method, [STr 2400, permits tests on soft subsirates (for example, wood
and plasters. Precision and bias data on the fater w lacking. Text Mothaods

13 3359 was developed with metal as the substrate and. ip the absense of

supporting precision and bias data, 35 so Bmted

1.2 Test Method A b primarily intended for use at job sites
while Test Method B s wore suitable for use in the laboratory,
Also, Test Method B is not considered suitsble for filims thicker
than 5 mils (123w,

NoTE 2e-Bubject woagreement between the purchaser und the seller,
Fest Method B can be used for thicker films i wider spoced cuts are,
emploved.

1.3 These test methods are used 1o establish whethdd ¢
adbesion of a couting 1o a substrate is at a generally pdeduante

level. They do not distinguish between higher[ levils of

adhesion for which more sophisticated methodf of feasure-
ment are required.

NoTe 3t showld be vecognizad that differences in adherability of the
coating surface con affect the resulix oblained with coatings having the
sume inherent adhesion.

1.4 This test method is similag i fontent {but not techni-
rally equivalenty to 150 2409,

1.5 Tn nlticoat systems] adhesion failure may oceur he-
tween coats so that theadhicsion of the couating system 1o the
substrate s dot determined.

1.6 The values gtitad in S upits are o be regarded as the
standard. The values'given in parentheses are for mformation
only.

V7 This srandard does not purpart o address the safety
concerns) if iy, assecigied with iy use. If iy the responsibility

S These wesi methods are wimder the jurisdiotion of ASTRM Commitiee D01 on
Paint and Relaed Coatings, Malerials, and Appleatoms and we the direct
vespotsibility of Subcormmiiee DOE23 o Physios] Propesties of Applied Pain
Films.

Current edition approved Mev, 1, 2007, Published Decembeor 2007, Origioably
approvad in 1974, Last previons edition approved i 2002 as [ 3339 62,

of the user of this standard fo egrablish appropricte safery and
health practices and determing the applicability of regulatory
fimpitations prior fo use.

2. Referenced Documents

ASTM Standardsyl

3609 PractiCe for Preparationd of Cold-Rolled Steel Panels
for Testing Paint) Narnish, Conversion Coatings, and
Refated Coatpg Producis

823 Plactices forl Producing Filras of Uniform Thickness
af Painly Varnigh, and Reloted Products on Test Panels

2 1300 Test Methods for Pressure-Sensitive Adhestve-
@oated Tapds Used for Elecurieal and Electronic Applica-
Hons

IPE730 Proctices Tor Preparation of
Altrninum-Alloy Surfaces for Painting

122092 Guide tor Preparation of Zinc-Couated (Galvanized)
Steet Surtfaces for Painring

132370 "Fest Method for Tensile Properties of Organic
Coatings

P2 33230 353500 Test Maothod for Peel Adhesion of
Pressure-Sensitive Tape

{2 3924 Bpecification for Environment for Conditioning and
Testing Paint, Varnish, Lacquer, and Related Materials

T3 4060 Test Method for Abrasion Resistance of Organie
Coutings by the Taber Abraser

2.2 Other Standard:

1543 2409 Paint and Varnishes — Cross-cut test®

Abuninum and

3. Summary of Test Methods

A1 Fest Method A—An X-cut iy made through the fm
the substrate, prossure-sensitive tape s applied over the cut and
then removed, and adhesion 1s assessed qualitatively on the ©
0 5 scale

3.2 Hest Method B—A lattice pattern with either six or
eleven cuts in each direction is wmwade 1 the fhu o the
substrate, pressure-sensitive tape 1s applied over the lattice and

2 ¥or referenced ASTM standards, visit the ASTM wehsiie, www.asimoms, of
cominel ASTM Custormer Servive ai service @aam.org, For Ankae! Book of ASTH
Stasdesds velume informaiton, refer w the standard’s Document Summary puge on
e ASTRT wobsiie,

¥ Available Trom American Mational Standards Testine (ANSH, 25 W 238 %6,
4th Flom. New York, NY 10036, hupfaww.ansiorg,

#& Swmmary of Uhanges section appears #f the end of this standard.

Copyrigit © ASTM International, 100 Barr Harbor Drbve, 70 Bog C700, West Conshohocken, PA 10428.-2058 United Siates.



then removed, and adhesion is evaluated by comparison with
descriptions and iHustrations,

4. Significance and Use

4.0 H a coating s o fulfill its function of protecting or
decorating a substrate, it must adhere w0 1 for the expected
service life. Because the substrate and ks swface preparation
(or lack ol ity have a drastic effect on the adhesion of coatings,
o method {o evaluate adhesion of a coating 1o different
substrates or surface treatments, or of different coatings o the
same substrate and treatment, s of considerable usefulness in
the industry.

4.2 The limitations of all adheston methods and the specific
Himitation of this test method to lower levels of adhesion (see
1.3} should be recognized before using it The inlra- and
inter-laboratory precision of this fest method is similar to other
widely-accepted tests for coated substrates {for example, Test
Method 2 2370 and Test Method T3 40600, but this is partly the
result of it being insensitive to sl but large diffvrences io
adbesion. The limited scale of 010 5 was selected deliberately
o avoid a false impression of being sensitdve.

TEST METHOD A—X-CUT TAPE TEST

. Apparatos and Materials

50 Cufring Tool—Sharp razor blade, scalpel, knife or other
cutting devices. It is of paurticular importance that the cutting
cdges be in good condition.

5.2 Curting Guide—S5Steel or other hard metal strasghiedge
W ensure straight cuts,

5.3 Tape—15%mm (1.0-in0 wide seraitransparent [pressuder
sensitive fape? with an adbesion strength agreed upgn 19 the
supplier and the user is needed. Because of the varighility in
adhesion strength from batch-to-batch and with fitngl s
essential thar tape from the same batch be used Ghgn Ysts are
to be run in different laboratories. If this is not possible the test
methed should be used only for ranking a/5tries of fest
coatings.

54 Rubber Eraser, on the end ¢! # [pogeil.

5.5 flumination—A light soureelis helpful in determining
whether the cuts have been maede) through the [m to the
substrate.

6. Test Specimens

6.1 Whenthis toaf nicthod is used n the field, the specimen
is the coated §tructimg Or article on which the adhesion s to be
evaluated.

0.2 For labortatory use apply the materials o be tested o
panels of the/composition and surface conditions on which it is
desired t9edétermine the adhesion.

NoTE e-Applicable test punel descripiion and surface preparation
methods are given in Practice 160U and Practiees 13 1730 and D 2002

* Pormacel 99, manfactored by Permuacel, Neow Brooswick, NI O¥9G3. and
available from varions Permuce] tape distributors, is reported 1o be suitble for this
purpose, The manofacarer of this tape and the mamifactarer of the tape wsed i the
mterlahoratory study (see RE: DOT-1008), have advised dus subcommitico that the
so fapes were chunged, Users of 1t should, therefore, check whether
current muareriad gives comparable resulls o previcus supplied material,

proporiic of thes

bk
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Nore Se-Coatings should be applied in accordance with Practice
D RT5, or as agread upon between the parchaser and the seller,

Notg Ge-If desired or specified, the coated test panels may be subjected
o a prediminary exposure such as water wnmersion. salt speav. or high
bumidity before conducting the fape test. The conditions and time of
exposure will be governed by uliimate coating use or shull be agreed upon
between the purchaser and seller.

7. Procedure

7.1 Belect an area tree of blemishes/and minor | surface
mperfections. For tests in the Held, ensuré that the stirface is
clean and dryv. Extremes in tempersture] of relafive humidity
may affect the adhesion of the tape or the Sdating.

7.1.1 Por specimens which have betol immersed: After
inmersion, clean and wipe the[stirfagée with an appropriate
sobvent which will not harin the mteerity of the coating. Then
dry or prepare the surface]orboth, as agreed upon between the
prrchaser and the sellag,

7.2 Make twoycuby mnthe fthacach about 40 mm (1.5 in)
fong that inlefsedt near their middle with a smaller angle of
between 30fand @5% [Wheln making the incisions, we the
stratghtedge and £ut through the coating o the substate in one
steady motign.

7.3 Wnspeet the lincisions for reflection of light from the
metall substrate ftol establish that the coating filny bas been
penctegted. I the substrate has not been reached make another
X iwa ditforent focation. Do not attenapt o deepen o previouns
et as this may affect adhesion along the incision,

7.4 Ar each day of testing, before intiation of testing,
remove two complete laps of the pressure-sensitive tape from
the roll and discard. Bemove an additional length at a steady
tthat is, not jerked) rate and cut a piece about 75 mn (3 inl)
iong,

7.5 Place the center of the tape at the intersection of the cuts
with the fape running in the same direction as the smaller
angles. Smooth the tape into place by finger in the ares of the
incisions and then rub firmly with the eraser on the end of a
pencil. The color under the wansparent tape is a uselul
indication of when good contact has been made.

7.6 Within 90 £ 30 s of application, remove the tape by
seizing the free end and pulling it off rapidly (not jerked) back
upon el at as close w an angle of 1807 as possible.

7.7 lnspect the X-cut arga for removal of coating from the
substrate or previous coating and rate the adhesion in accor-
dance with the following scale:

BA Mo peeling or removal,

44 Trace peeling or removal along incigions or at thelr infersection,

ZA Jagged remeval along incisions up o 1.8 mm (Vs in.) on sither side,

2A Jagged remeval along most of incisions up to 3.2 mm {14 in.} on gither
side,

1A Femoval from most of the arsa of the X under the tape, snd

OA Hemoval beyond the area of the X,

7.8 Repeat the test in two other locations on each test panel.
For lwrge structures moke sufficiont lesls o cnsure that the
adhesion evaluation is representative of the whole surface.

7.9 Afrer moaking several cuts examine the cutting edge and,
i necessary, remove any flat spots or wire-edge by abrading
Hghtly on a fine oil stone before using again. Discard cutting

tools that develop oicks or otber defects that tear the film.



4. Report

.1 Report the number of tests, their mean and range, and
for coating svstems, where the fatlure occurred that is, between
first coar and substrate, between frst and second cont, e,

8.2 For held tests report the structare or article {ested, the
focation and the environmental conditions al the time of
testing.

8.3 For test panels report the substrate employed, the type of
coating, the method of cure, and the environmental conditions
at the time of testing.,

8.4 If the adhesion strength of the tape has been determined
in accordance with Test Methods 13 1000 or 1 333070 33300,
report the results with the adhesion rating{s). T the adhesion
strength of the tape has not been determined, report the specific
tape used and its manufacturer.

3.5 I the test is performed afler immersion, repofl immer-
sion conditions and method of sample preparation.

P M =
8, Precision smd Bias ©

91 Iy an interleboratory study of this test method in which
operators in $1x laboratortes made one adhesion measurement
on three panels cach of three coatings covering o wide range of
adhesion, the within-laboratories standard deviation was found
o be .32 and the between-luboratories .44, Based on these
standard deviations, the following criferia should be used for
judging the acceptability of results at the 95 % confidence
fevel:

S AL Repeatalificg—Provided adhesion s uniform over o
farge surface, results obtained by the same operator should be
considered suspect it they ditfer by more than | rating unit i67
WO Ineasurernents.

912 Reproducibility—Two resulis, cach the mean of linip-
Hieates, obtained by different operators should be @Sastddred
suspect i they differ by more than 1.3 rating opital

9.2 Bias cannot be established for these testimethods.

TEST METHOD B-—CROSS-CUT TAPE TEST

10. Apparatus and Materials

10,0 Cutting Tool “—Sharp ragor blade, scalpel, knile or
other cutting device havingsa cufting edge angle hetween 15
and 307 that will make either a single cut or several cuty at
once. It is of particular impbriance that the cutting edge or
edges be in good cohdition.

1.2 Carting Gulde;—E cuts are made manually (as opposed
o a mechaniond apparatus) a steel or other haed metal straight-
edge or tgmplate/to ensure straight cuts.

10.3 Rifer—~Tempered steel rule graduated in 0.3 mm for
nmeasuringindividual cuts.

104 Tape, as described in 5.3,

105 Rubber Eraser. on the end of a pencil.

1.6 fllumination, as described n 5.5,

® Supporting data e available from ASTM Infernationa! Heardkprariors, Reguest
RR: DOH-100%,

© Mubtiblache cutters are available from o few sources that specialize I leuing
cyuipgment For the paing indusiry,
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HLT Magnifving Glass—An iluminoated magnifier to be
used while making individoal cuts and examining the test area.

11, Tost Specimens

1.1 Test specimens shall be as described in Section 6. Tt
should be noted, however, that multitip cutters” provide good
resulis only on test areas sufficiently plane that all cutting edges
comtact the substrate o the same degree. Chegk for {latness
with a straight edge such as that of the genypared steel rule
{103

12, Procedure

12.1 Where required or wieh agreed Bpon, subject the
spechmens o a preliminary test belore gondueting the tape st
{see Note 43 After drvinggor testingfthe coating, conduct the
tape {est at room tempgratte as defined In Specification
33924, unless D 3YH siandord temperature s required or
agreed,

12.1.1 For gpacimens which have been lmmersed: After
imnersion, dgleaniand fvipe the surface with an appropriate
sobvent whigh willl not/harn the integrity of the coating. Then
dry or prepate the surface, or both, as agreed upon between the
pupchaser andicgellern

12.20Select ag area free of blemishes and minor surface
fuperfections, ploge on a finm base, and under the Huminated
magaifier, make parallel cuts as follows:

$2.2.0 For coalings having o dry (ihy thickoess up to and

indiuding 2.0 mils (30 pm) space the cuts 1 mim apart and make
eleven cuts unless otherwise agreed upon,
12.2.2 For coatings having a dry film thickness between 2.6
nvds (30 prn) and 3 mils (125 pumy, space the cuts 2 o apart
and mske six cuts. For films thicker than 5 vals (125 ), vse
Test Method AF

12.2.3 Make all cups about 20 o O34 10 long, Cur through
the film to the substrate I one steady motion using just
suflicient pressure on the cutting toel to have the cutting edge
reach the substrate. When making successive single cuts with
the wid of a guide, place the guide on the uneut area.

12.3 After making the required cuts brush the filny lighty

with a soit brush or tissue to remove any detached flakes or
ribbons of coatings.
124 Bxamine the cutting edge and, i necessary, scmove
any flat spots or wire-edge by abrading lightly on a fine oil
stope. Make the additional number of cuts ar 907 1o and
centered on the original cuts.

12.5 Brush the area as befors and inspect the incisions for
reflection of Hight from the substrate. H the metal has not heen
reached make another grid in a different location,

The sode seurce of sepply of the mulilip culler For cowed pipe surfaces knewn
By thee comertbes ab il Hme B Pael N Guedner Coo, 316 NE Fist SeL Pompano
Beach, FLO30SO I vou are wware of allersative supplier. please provide this
wformation o ASTM Tatemalional Headyuarlers, Your compents will receive
careful considerntion af a mecling of the wsponsible echnical commitiee,” wiieh
vou may aticnd.

® Fest Method B has been used suceessiully by some peaple on coatings sioater
tnn & mwils 013 mm) by spacing the cos 5 mm aparl, However, the precision
values given in B4 do not apply as they are based on coatings less than 5 ils {31
sind i thickness,



12.6 At each day of lesting, before initiation of testing.
remove two complete laps of tape and discard. Remove an
additional feugth at o steady Ohat i, g0t jerked) rate and ent a
plece shout 75 mum (3 i) long.

12.7 Place the center of the tape aver the grid and in the area
of the grid smooth into place by o finger To epsure good
contact with the film rub the tape firmly with the eraser on the
end of a peneil. The color under the tape is 2 uselul indicstion
of when good contact has been made.

12,8 Within 90 & 30 s of application, remove the tape by
setzing the free end and rapidly (not jerked) back upon itself
as close o an angle of 1807 as possible,

12.9 Inspect the grid area for removal of coating from the
substrate or from a previous coating using the iuminated
magnifier. Rate the adhesion in accordance with the following
scale tlustrated in Fig. b

58 Tre edges of the cuts are completely smooth; none of the sguares of the
lattics is detached.

45 Small flakes of the coaling ars detached at intersections; less than 5%
of the area iz aifeclad.

3B Srnall flakes of the coating are detached along edyes and af intersec-
tions ol cuts. The area alfeclsd is & 0 15 % of the lallics.

PE The coating has Haked along the edges ard on parts of the squares.
The area affecled iz 1210 35 % of the latlice.

1B Tre coating has flaked along the edgss of cuts In large rfbbons and
wheds squarss have delached, The area afieciod s 35 10 82 % of the
lattice.

ot Filaking and detachmen! worse than Geade 1.

1210 Repeat the test in two other locsiions on each test
I
panel,

13 Report

121 Report the number of tests, their mean and rlnge, agd
for coating svstemis, where the failure ocourred| that 58,
between first coat and substrate, between first and second coat,
el

13,2 Report the substrate emploved, the type af ¢oming and
the method of care.

13.3 It the adhesion strength hay been delerpmsted in accor-
dance with Test Methods T 100G 6 T3 333077 3330M, report
the results with the adhesion ratingls), 3 the adhesion strength
of the tape has not been determined, report the specific tape
used and ity manufacturer.

124 11 the test is performed affer immersion, report immer-
sion conditions and method jof sample preparation,

14. Precision and Bias|™

14.1 On the bagiz of two iterlaboratory tests of this test
mathod in ong af which operators in six Inboratories made one
adhesion medgureinent on three panels cach of three costingy
covering fwide range of adhesion and i the other operators in

six laborgtgnes made three measurements on two panely cach
of four differcut coatings applied over two other coatings, the
pocled standard  deviations for within- and berween-
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H CLASSIFICATION OF ADIESION TEST RESULTS _IE
PERCENT SURFACE ©F CROSSCUT AREA FROM WICH
LLASSEFICATHON ARLA FLAKTNG HAS OCCURRED FOR StX PARALLEL CUTS
REMOVED ANIY ADHENION BRANGE BY PERUCENT
o%
58 Hone
43 Less than I """"
5%
o
1
38 B~ 1%
2B 15 - 35%
B 350+ Eh%
0B Greater than
65%

FiG. 1 Classification of Adhesion Test Besults

kaboratories were found o be 0.37 and 0.7, Based on these
standard deviations, the following eriteria should be used for

judging the acceptability of results at the 93 % confidence
fevel:
14.1.1 Repearability—Provided adhesion is uniform over a

farge surface, results obtained by the same operator should be
considercd suspect if they differ by more than one rating unit
for two measurements.

14.1.2 Reproducibility—Two results, each the mean of du-
plicates or triplicates, obtained by differont operators should be
considercd suspect if they ditfer by more than two rating units,

14.2 Bias cannot be established for these test methods.

15, Kevwords
15.1 adbesion: crosscut adbesion test method: tape: tape
sdbesion st method; X-cutr adhesion test method
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APPENDIX

{Nepmandatory Information)

Xi. COMMENTARY

X1.1 Infroduction

X111 Given the complexities of the adhesion process, can
adhesion be measured? As Mittal (1) has pointed out, the
answer is both yes and no. It is reasonable o state that at the
present time no test exists that can precisely assess the actual
physical strength of an adbesive bond. But it can also be said
that it is possible 0 obtain an indication of relative adhesion
performance.

X112 Practical adhesion test methods are generally of two
types: “implied" and “ direct.” "Tmplied” tests inchide inden-
tation or seribe techniques, rub losting, and weawr tosting.
Criticism of these tests arises when they are nsed o guantify
the strength of adhesive bonding. But this, in fact, is not their
purpose. A Cimplied” test should be used {0 assess coating
performance vnder actual service conditions, © Direct” mea-

sureiments, on the other boaud, are intended expressly 1o
measure adhesion, Meaningfol tests of this type are highly
sought aller, primarily becanse the results are exprossed by a
single discrete quantity, the force required to rupture the
coating/substrate. bond  under prescribed  conditions. Direct
tests include the Hestometer and the Adberometer (23 Com-
mon methods which approach the divect tests are peel, lap-
shear, and tensile tests,

X1.2 Test Methods

X200 o practice, numerous fypes of tests have Boeg tsed
o attenpt W evaluate adhesion by inducing bond pdpiuee’ by
different modes. Criteria deemed essential for a fest 1o warrant
farge-scale acceptance are: use of a straightforward and unam-
bBignous procedure; relevance to its intended application; re-
peatability and reproducibility; agd quantifiability, including @
meaningful rating scale for assessing performance.

X122 Test methods used for gestingy on metals arer peel
adhesion or “tape testing:” Gardnerimpadt flexibility testing:
and adhesive joint testing Includiggshear\(lap jolat) and direct
tensile (hutt joint) testing. These/tests do not sirictly meet all
the criteria listed, but anappealing aspect of these tests s that
in most casel the equipmgnt/instrumentation is readily avail-
able or can be obtdined al reasonable cose

X123 A wide diversity of tests methods have been devel-
sion (E-5)
er, in relating these fests to

oped over the/years that measure aspects of adh
There gerferally is difficulty, howe
basic adhesion phenomena.

X1.3 The Tape Test

X121 By far the most prevalent test for evaluating coating
“adbesion” s the tape-and-pecl test, which bas been used since
the 19307, In its shimplest version a piece of adhesive tape is
prossed against the paiut (tdm and the resistance © and degree

“ The boldface nurbers in parentheses vefer w the sl o references al the end of
this st methaod,

of Hlem removal observed when the tape 1s pulled off. Since an
intact film with appreciable adhesion is frequently not removed
atall, the severity of the test is usually eohanced by cutling intw
the filny a Hgure X or a cross hatched patfarn, before applying
and removing the tape. Adhesion is then rated by comparing
fim removed against an established rating scalel N an intact
fim is peeled cleanly by the pige. orif/il debonds just by
cutting info it without applying tape, then the adhesion is rated
simply a5 poOr of very poas, @ mope procise evaluation of sueh
Hlms not being within thy capability of this test,

X1.3.2 The currentWwidelysused version was first published
iy F974: two text methods ardcovered 1o this standard. Both
test methods dre wsed tojestablish whether the adhesion of a
coating o o substiate 19 aten adequate level however they do
not distingdish betwedn higher levels of adhesion for which
more sophigticated, miethods of measurement are reguired.
Mo\ imirattny of the
dpphigability only © coatings of refatively low bond strengths,
and gon-determingtion of adhesion to the substrate where
failure ocowrs within a single coat. as when esting privners
atone, or within or between coats in multicoat systems. For
nmuffiCoat systems where adhesion fatlure may occur between
or within couts, the adbesion of the coaling systeny 1o the
substrate is not determined,

ape test oare by low sensitivity,

X1.3.3 Repeatability within one rating unit is generally
observed {or coatings on metals for both methods, with
reproducibility of one 10 two units, The tape test enjoys
widespread popularity and is viewed as “simple™ as well as low
i cost. Applied o metals, it 1y economical o perform, lends
itvell w0 job site application, and most unportantly, after
decades of use. people feel comfortable with it

XE34 When a flexible adhesive tape is applied to a coued
rigitd substrate surface and then remmoved, the removal process
has been described in terns of the “peel phenomenon,”™ as
ifhastrated in Fig, X114

X1.3.5 Peeling begins at the “toothed” leading edge {(at the
right} and proceeds along the coating adhesive/interface or the
coating/subsirate interface, depending on the relative hond
strength
tensile force generated along the latter interface, which v a
fanction of the rheological properties of the backing and
adhesive fayver materials, is greater than the bond strength at the
conting-subsirale nterfoce {or coliesive strength of the coat-
ing In actuality, however, this force Is distribured over o
diserete distance (O-A) in Fig. X1 1L which relates dirsctly to
the properties described, not concentrated at a point (O in Fig
A11 as i the theoretical case—though the tensile force is
greatest sl the origin for both. A significant corapressive foree
arises from the response of the tape backing material o being
stretched. Thus both wastle and compressive Torees are in-
volved in adbesion tape testing,

It 1y assumed that coating removal occurs when the
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X1.3.6 Close serotiny of the tape test with respect o the
nattre of the fape emploved and certain aspects of the
procedure itself reveal several factors, each or any combination
of which can dramatically affect the resulty of the test as
discussed {63

1.4 Peel Adbesion Testing on Plastic Substrates

X141 Tape tests have been corificized when used for
substrates other than metal, such ax plastios. The central issues
are that the test on plastics lacks reproducibility and does not
relate to the intended application. Both concerns| are wéll
founded: poor precision is o direct rosull of several ftiems
intrinsic to the materials emploved and the procedyre [isglf,
Muore importantly, in this hnstanee the test is beifig applied
beyvond irs intended scope. These test methods mo designed
for relatively ductile contings applied o metal [substrates, not
for coatings {often brittle) applied to plastic /parts {7). The
unique functional requireiments of coatibgs On plastic sob-
strates cause the usual tape tests o be unsatisfactory for
measuring adhesion perfornance lin\praciice.

X1.5 The Tape Controversy

X150 With the withdiywal from commerce of the tape
specified orginally, 3B Nel 710, current tost mothods no
fonger identify a spécifie/tape. Differences in tapes used can
lead o differgnt résalts as small changes in backing stiffness
and adhesive theology cause large changes in the tension area.
Some commerciad tapes arg mapuizctured o meet minimum
standards] A glven lot may surpass these standards and thus be
suitable for/ general market distribution; however, such a lol
may be o source of serious and unexpecied error In assessing
adhesion. One compercially available tape test kit had -
cluded a tape with adbesion strength vanations of vp o 50 %
claimed by the manufacturer. Also, beeause tapes change on
storage, bond strengths of the tape may change over time {7, 814

K52 While there are tapes available that appear to deliver
consistent performance. 4 given tape does not adhere equally
well o all coarings. For example, when the peel removal force
ol the mpe (Trom the couling) used earlier by Task Group

@
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D01.23.10 o establish precision of the method, by M No, 714
was  examined  with  seven  different  electromagnetic
mterference/radio Crequency tnterfercnce (EMERFEL comtings,
it was found that, while peel was indeed consistent for a given
coating, the value varied by 25 % between the highest and
lowest ratings among coatings. Several factors that contribuie
ta these differcnces include coating composition and topology:
as a result, no single tape is likely to be suitablgTor testing all
coatings. Further, the tape test does not give ap absolute value
for the foree required for hond rupture, but serves only as an
indicator that some minimum value for bond strangthfvas met
or exceeded (7. 8}

X116 Procedural Problems

X1.6.1 The tape tast is oparatél ingosive. By design it was
made as simple as possible o perfdmm. and requires a mini-
muam of specialized gguipment and materials that nust meet
certain specifications. Wlhe @ecuracy and precision depend
fargely upon thesskill ofithe opesdtor and the operator’s ability
i perform the 1@st inalconsistent manner. Key steps that
directly relléct the mportibee of operator skill include the
angle and rate of Bpe temoval and the visual assessment of the
tested sample. Jt B pot unexpected that different operators
gl whiam difgrent resules {7, %)

XA62 Peel Angle and Rate:

The srandard) requires that the free end of the tape be
remeved rapidiviar as close W oa TEOY angle as possible. I the
peel aggle and rate vary, the force reguired to remove the tape
can Change dramatically, MNearly linear increases were observed
in peet force approaching 100 % as peel angle was changed
from 135 w0 [8U, and similar Jarge dilferonces can be expected
in peel force as peel rate varies, These effects are refsted as
they reflect cortain rheological properties of the backing and
adhesive that are molecular in origin. Variation in pull rate and
peel angle can effect large differences in test values and must
be minimized 1o assure reproducibility {91

X1.6.3 Visual Assessment:

The final step in the test is visual assessment of the coating
removed from the specimen, which is subjective in nature, so
that the coatings can vary among individuals evaluating the
same specimen (9.

X163 Performance in the tape test iy based on the
amount of coating retmoved compared o o descriptive scale.
The exposure of the substrate can be due to factors other than
coating adhesion, inchuing that arising from the requirement
that the coating be cut (hence the synonym™ cross-hateh
adhesion test™). Justification for the cutting step is reasonable
as gutting provides a free edge from which peeling can begin
without having t© overcome the cohesive strength of the
coating layer.

X1.6.22 Cutdng niight bo suitable for coatings applied to
metal substrates, but for coatings apphied to plastics or wood,
the process can lead W a misleading indication of poor
adhesion due to the unigue interfacial zone, For coatings on
soft substrates, issuos include how deep should this ot
penetrate, and s 1t possible to cut only w the interface?

X16.35 o goneral, i adhesion test panels are oxamined
microscopicallv, it s often clearly evident that the coating
removal results fron substrate Tathure at or below the interface,




and uol from the adbesive Tatlure between the coating and the
substrate. Cohesive faitlure within the costing $#ilim s also
frequently observed. However, with the tape test, failures
within the substrate or coating layvers are rare because the tape
adhesive is not usually strong enough to exceed the cohesive
strengths of normal substrates and organic costings, Although
sone rather brittle coatings may exhibit cohe flure, the

tape test adhesion method does not make provision for giving
failure lecality (7, B)
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X164 Use of the test method in the field can lead o
varigtion in fest results due to temperature and homidity
changes and their effect upon tape, coating and substrate.

X1.7 Conclusion

XL7.1 All the issues aside, i these test methods are used
within the Scope Section and are performed carefully, some
insight nio the approximate, relative level of adhesion can be
gained.
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SUMMARY OF CHAKGES

Commites DOV has identified the locglion of [selecied changes w this standard since the last issue
(T3 3359 - 02} that may impact the use of s standdrds (Approved November 1, 2007

4y Note T owas added o provide a caution statementioy $Hose
who want 1o use this standard 1o measure adhesionion soft
substrates.

{2y Reference to 150 2408, and where i can be/found, was

added for comparizon.

€3y 74 and 1206 were modified for those who use this test
method often during the day.

{(4) Pootaote 8 was changed editorially,
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