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MANUIN N

MINARAUANLAYRIDSATANIS DY

N1 AnIensmInsesAiansiy (Paadindugee KOH = 0.1 N)

J | % ' o 1 1
ATIN 131704 KOH i) “’ i’ Yo GALLEE (9) ANTBINTA

1 205 ‘ | 0 113.9

2 23% 113.9
: /Jl\\\ R =
’ \\ |
ﬂ//JEl\\\\ v |
MsnAdaud
N2  Ameansavagihdining *.'.”" 1 uaz Uit hdukun e iauls
‘ Viare
, i "Ta:' -
6 T Y () /| al; ]
] tiingn 7 ﬂ'i”v'\ iy 7KQH (nﬂ) AI9NTA
uniuthey

AKIT 1 0.2
AT 2 02 06 m 0.2
A7 3 ¢ 20.02 0.2

ﬂawavsWﬂWﬂi -

vq MR NFU URIINYIAY -

10.58 14.00 7.4
ae : 7.4
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v v v 1
n2 (n) AMINNTATNTUNAN WTTURS uas i hdunirunssnuls

uingnsRaatng (@ | Yu1m7 KOH (mi) ANTBINTA
ey
. .
nHUMIARLLS
AT 1 105 2.9
ATIN 2 10.6 3.0
AT 3 — G 3.0
maﬂ ” \\l\\ 3.0
n3 AIANY / il l\ \ Ui hauitunsanuls
o r?,' - wBstaed | Aowdaednone
brdor "
Rt AL NN
4 'f;‘ A Y
,_‘ w:, UNTULANUAD
wiuhau g 0.91
: 0.91
0.92
0.91
Vi AT 1 22 143.68 0.94
AR JRS VI AW Gb1T | ose
ARI7 3 . 143,65 0.94
MTINETNE oo
waiudu
Reiumsdauls
ATIN 1 49.22 141.85 0.93
ANIT 2 49.22 141.78 0.93
AT 3 49.22 141.77 0.93
1At 0.93
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3 ] H o ¥ L 2 f o e o [
n.4 AIAMNUUATBIUNNUL G N UINUYN Uay muuﬂmuwmummﬂuﬂ?

weendy | powdaild | aigwls winimaf ANNUTIA
(waed)
Yddu
Afad 1 100 60
nfaft 2 100 60
pift 3 100 60
pdadl 4 40 60
ki 5 40 60
L‘n?\‘ﬂ 60
ﬁ'}ﬂ’um
Aaft 1 100 225
Asafl 2 100 225
Aiaft 3 100 225
AT 4 40 220
ATl 5 40 220
1A 293
vnhaldy
ﬁchums
AnuLls ﬂ ‘j
nf’qf 1 800 ,, |  7.600
A3 El ﬁ‘ﬂ Eu 7,600
n;ﬂ3 800 7,600
AR 4 200 7,600
pfaft 5 200 7,500
1A 7,580




NMINARALANLATDREATAN-DARALS DY

N5 ANRNMLATRIRLASAN-SARAITTY

gqms wneendn | powdiilg | Adgls unnimes ANUTIR
(waud)
20% acrylic ' /
ATIN 1 5 800 7,840
AT 2 5 5 el | 800 8,240
AN 3 5 | 00 800 8,000
AT 4 400 7.920
AT 5 v 400 8,040
o | 8,008
25% acrylic -7
A 1 5 &é}; 800 8,480
Afaf 2 5 L5 800 8,400
v + b 2 i
ATIN 3 5 = 6 800 8,480
¥ 4 o ,l"" u‘i} i’ :
AN 4 : . 400 8,520
AT 5 400 8,480
\de 8,472
30% acrylic 'Y, o |
TR 1 Wﬂ ﬂ @o 9,040
ﬂ‘i\!'l} 2 "2 800  , 8,960
¥, ﬁ M 111133 V Ej ’é})ca E 9,040
ns% 225 400 9,000
ATIN 5 25 400 9,000
L4 9,008 ,




N5 MAravilnreserAsan-gaRnsiy (5in)
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gns wnenndn | madaile | ifiewld | unomes ANUTlA
(wand)
35% acrylic
ST 1 5 a ’ ’ 125 800 10,000
ASaR 2 5 ﬂ 800 9,920
AR 3 5 —— 800 10,160
AT 4 5 | 400 10,080
SR 5 & 400 10,040
1an 5 10,040
-7
N6 ATRINTATD , e
Y Jﬂ
(FI'J']NWN‘]I a3 KOH -
; ry ‘-_.n:"
_ﬁw 17 8ting H (ml) ANY89NIA
20% acrylic
AT 1 m 5.7@ | 174
AT 2 5.05 15.6 17.3
Yy ".n u
A% EI fJSﬂ EI tn w H"F ﬂ i 174
'EI ' 17.4
—— —
25%acﬂc qﬂ u r]ng'EIf] EI
: m’g gagu 0.20 553
ATN 2 5.02 20.00 22.4
AfaR 3 5.06 20.20 224
AL 22.4




N6  ANIBINTAYBNBLATAN-BARMITU (sin)

(AMTNdUIRY KOH = 0.1 N)
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ﬁwﬁ'nmsﬁ'oaziw (@ | Usums KOH (mi) ANUIBINTA

30% acrylic

pgaf 1 2220 24.7

psaf 2 22.10 247

pfaft 3 w9920 24.8

| 247

35% acrylic

| AXe# 1 { 4 28.3

kR 2 Nz 28.4

paft 3 04 o 28.4

1ady Lo 284

TS

AuEIneming:
RIAINTUNRIY

N9
YN Y
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n.7 n"nmmmamm‘%ﬁn-ﬁaﬁmﬁu@mn’nua:

(AMNLENdUI99 KOH = g 1 N)

DARALITUNNNSE

UIMINan 35t

20% acrylic

apee

o)
Lo
—

» »
5 o Jw
D, S S, =
(2. w N

25% acrylic

G

S S =)
@W O -

3 » »
2 A o

)
.
<]

30% acrylic

=)
—_

im N

» >»
Dee Dee
<Sb.

3
="
=/

35% acrylic

a‘i&“l

¥
o

AN 20.04

=

D.-

d
L2

ANTRINTH

0.3
0.3
0.3
0.3

0.5
0.5
05
0.5

0.7
0.7
0.7
0.7

3.33

mmmwa;;

1.0
1.0




N7  AIBINTATE9RLATAN

(AdNduT89 KOH = 0 1 N)
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-B0ANITUgATIUASARALETUNNN9A

Umingnsmetg (@) | Ysums KOH (ml) ANIBNNTA
BAARITUNIINITAN '
AT 1 10.08% ', 9.04 5.3
% el '
ATNN 2 ! 9.06 5.3
v g _‘—4
ATIN 3 D A 1] 5.3
@ | — \ S— 5.3
MeAsauduihe ] \
7 ¥ . [j:' o )
n8 1annfes vineliflnan ARLTT (%NV)
: : 'E-" " 5
e~
gns 1. digart = A1audsey (g) % NV
20% (w) acrylic 2.21 = 2.1029 94.75
25% (w) acrylic 94.01
30% (w) acrylic 93.15
35% (w) acrylic : .0499. 93.52
BAANITUNIINIHY ¢ 20618 91.56

Y

ﬂ u H o 18878
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gns AMNNUABNIYATR (NFN)
1 2 3 1nde
'| 20% (w) acrylic 100 100 100 100
25% (w) acrylic 100 100 100 100
30% (w) acrylic o~ ‘ 100 100
35% (w) acrylic . 100 100
BAAALTTUNIINTTAN N 100 100
n.10 ANEasn ?.1
NN :
gns _ aﬁ_ A ERUGD &J(Cb,mm)
U R N 3 \de
20% (w) acrylic ,,é=j—, 3 3
25% (w) acrylic 3,.afEf~; i 3 3
30% (w) acrylic :} 3 ,' 5‘ 3 3
35% (w) acrylic 3 ] ol 3 3
DAANLITUNIINITAN 3 3 Z o3 3
T e v | '
n.11 ﬂuutﬂ (g)swuﬂaw‘tﬁemgmm )ﬂ j
i ¢ = e/
qﬁW" : ﬂmﬁ [ wae
20% (w) aerylic 58 5B 5B 58
25% (w) acrylic 5B 5B 5B 5B
30% (w) acrylic 5B 5B 5B 5B
35% (w) acrylic 5B 5B 5B 5B
DAAAIFTUNIINITAN 5B 5B 5B 5B




n.12 AMNNUNULTINTEUNN

qms AUNUNUUTINTZUNN (ﬁq ~ Unug)
1 2 3 \wd
20% (w) acrylic 160 160 60 | 160
25% (w) acrylic i60 \ 160 160
30% (w) acrylic 6 \ 160 160
35% (w) acrylic q ‘ 160 160
DAARLTTUNINTAY r = 160 160
n13 A ?ﬂ\"": \
- gms ,ﬂ{ Tanun 4(1‘1"':“?:4\1)
- T 3
20% (w) acrylic 1= .__,-w : 24
25% (w) acrylic 24{:3—}%" i 24 | 24
30% (w) acrylic N j 1| 24
35% (w) acrylic : 24
DAAMTTUNWNIIEN | 4 4 : 4
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n.14

ATTNNULN

90

ans

AU (F9Taa)

2

20% (w) acrylic

24

25% (w) acrylic

30% (w) acrylic

35% (w) acrylic

DAAALTTUNIINTAY

n15

ANNNUAILEY

20% (w) acrylic

24

24

24

24

24

24

22

H (u)

=
a8

25% (w) acrylic

30% (w) acrylic

35% (w) acrylic

DAAALETUNNNNITAY | ' 13

30

30

179

180

0

210

248

250

13

AU ININTNE
RIANTU NN ING I
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NARUIN 2

2.1 NN Fatty Acid Composition

1n£iA3 Gas Chromatrograph datnaintialszanns 1 nfu Gin wuuy : LUNUBA :

nsmmﬁn 'luﬂﬁﬂdou 60:180:2 1‘ WRBHNAL 120 WAAAAT  NAUTWANT (reflux)

yafillusiauen Afaz 100 Nadans 5

k1 -‘ « = g 'S
gainhanAnludouans wansag wef  usninndendmesean

nel rotary evaporater wawed M lidesn 1% dae

o - ;1 73
unsialaniay andl
8l Brookfield viscometer

AADUBHNUWNUENIA?  uald

' - R
= Mwnewendunn G

5

# ~
g D
AL or ATTNLS ctor | ™ m“um factor
0.5 4M 0.5 8M 0.5 20 M
1.0 2M 1.0 4M 1.0 10M
2.0 1M 2.0 2M 2.0 5M
25 800 25 1.6 M 2.5 4M
4.0 500 4.0 1™ 4.0 25M




92

wafidy
4 :  5 A o 6
ANIEY factor ALY factor AN factor
5.0 400 5.0 800 5.0 2M
10 200 10 400 10 1™
20 100 200 .20 500
50 w50 50 200
100 0 o | 75" 100 100

fact 'iuua::mwn?aﬂ’u']

o ) hd h » 1 13 J
FBLNNNTATLITY  fuAnlianiaTes 10 AoaSaild

2.5 AAnaviiamun ol s

AU INENINYINS
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q Designation: D 1640 - 95

Standard Test Metheds for

Drying, Curing, or Film Formatlon of Orgamc Coatlngs at

Room Temperature‘

This standard is issued under the fixed dcs:gnauon D 1640; the number nmmcdlatclv followmg the dsxgnanen mdxcatm 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 cpsdon (() indicates an editorial change since the last revision or reapproval.

This nandnrd has been approved for use by agencies of the Depariment of Defense. Consult the DoD Inde,\ of Spectf ications and

Standards for the specific year of issue which has been adopted by the Depanmem of Defense

1. Scope
1.1 These test methods cover the determination of the

various stages and rates of film formation in the d JF..;
curing of organic coatings normally used under ¢

ambient room temperature. nﬂ!‘f-—.r
1.2 The values stated in inch-pound u e _jo* :

regarded as the standard. The values given in p
for information only.

1.3 This standard does not purport to add,
safety concerns, if any, associated with i
responsibility of the user of this standard io est
priate sajety and health practices and deter
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 202 Test Methods of Sampling and Testi
Paper Used for Electrical Insulation2

D 823 Practices for Producing Films of Umform

ness of Paint, Varnish, and Related Products on Teﬁ_
Panels? = e

D 1005 Test Methods for Measuremic

Thickness of Organic Coatings UsingdMic
D 2091 Test Method for Print Resistange
2.2 U.S. Government Standards: ]
Fed. Spec. No. CCC-C-440, Cheesecloth® = | ,
Fed. Spec. No. CCC-C-419b, Type III, A y Duck?
2.3 TAPPI Standards:

ucts

3. Significance and Use

Themmm@emmmm ITHEER]
stages and rates of drving, fe I8
enure

! These test methods are under the jurisdiction of ASTM Committee D-i oa
Paint and Related Coatings. Matcrials. and Applicziions and are the direci
fesponsibility of Subcommities D01.23 on Physical Propentics of Applied Paint
Film.

Current edition approved Feb. 15. 1995. Published April 1995. Originally
published as D 1640 - 59 T. Last previous edition D 1640 - 83 (1989)¢!.

2 Annual Book of ASTA Standards. Vol 10.01.

3 Annual Book of ASTM Standards. Vol 06.01.

4 .4nnual Book of AST\ Standards. Vol 06.02.

3 Available from Standardization Documents Order Desk. Bldg. 4 Section D,
700 Robbins Ave.. Philadclphia. PA 1911 l~5094. Alln: NPODS.

LA As "7'“". s

A,..u.c uu‘n T-u ical -wu. ion ol e .nlp and Puper Industry,

-

/ listed'in Table-1 the

T 402 Standard Conditioning a stin etwe urcha seller B '
for Paper, Board, Pulp Handshets, a lg} EJ Id have practical thicknesses
surate rf roiance characteristics expected

tings for the :purpose of comparing types of
do _ edient changes, or both. This is significant in
the of organic coatings for various end uses and

a$o for.pramsn ‘production quality control.

4 Coatmg?"ll!hihmmmended Fllm Thlcknesses

4.1 Whenev sts are to be performed on coatings not
should be a prior agreement between

purchaser and seller as to the substrate, film thickness,
ang lication method for testing the specific coating

est‘C di’nons - _ _
» xng tests in a well-ventilated room or

ect drafts (Note 1), dust, products of
oratory fumes and under diffused light (see
easurements at a temperature of 23 + 2°C
tive humidity with the coated panels in a

devxcc to equalize air change conditions has been

! develo ofield.” Relative humidity should be controlled for
moistu and t e urethane coatings, since their cure is
greatly affected by oisture conditions. -

atried out at practical viscosities at
: d to the proper film thickness with

leveling properties. In the absence of
any spec1ﬁc material ‘specification, instructions for prepara-
tion of the film should be determined and agreed upon

under actual usage for the type under test. All testing should
¢ be done withimtan area, any point @fWwhich is not less than ¥

f the films during

rying test penod should be about 25 ft-candles
(270 1x) from normal laboratory or sky sources, never from
direct sunlight or other sources hrgh in nonvisible radiant
energy. .

6. Preparation of Test Specimens
6.1 Carry out all tests as described in 6.1.1,

6.1.3, unless otherwise noted.
6.1.1 All test specimens shall be prepared and tested by

612 and |

N Y RPN Sopbe s i

7 Cardaer and Sw ard Laiii

Testing Mainic!, ASTM STP 530, ASTM . '3
eaition, 572 p. 2 :




e

= one operator pioperly skilled i the methods to be used.
~ Apply the specimens in duplicate at a time arranged so that
* examination iniervals will fall within the normal working

_Z hours of the operator. =~ .

i g: 6.1.2 Apply the materials to be tested on clean glass

% panels or other specific substrate of suitable dimensions
-5 agreed upon between the purchaser and the seller. Ground-
) glass plates are more suitable for certain types of coatings
-, that tend to crawl, such as low-viscosity drying oils. Suitable
plates can be prepared by roughening the surface of polished
# glass by grinding a paste of silicon carbide (grit 1-F) and
. water between two glass plates. :
6.1.3 The test films perferably shall be cast with a docto
blade having a clearance sufficient to give the recommendei ’

* dry film thickness indicated in Table 1. When a suitabl

6.1.4 Measure the dry film thickness o
- proper film thickness gage. This shall iCromeger; dial - 3
-* comparator, or dial indicator as describe '

* D 1005. When plates of small area are

.

after coating and calculating from plate area /an coat'gﬁ:g
solids. j

listed in 7.2 to 7.9 are used, there shall be a prior aé'i'ec_:_lgm
between the purchaser and the seller. e el IR
7.2 Set-To-Touch Time—To determine setsto-touich time,
lightly touch the test film with the tip-of a clean finger and
immediately place the fingertip against-a piece of clean, clear
glass. Observe if any of the coating istrénsferred to the glass.
For the purpose of this test, the pressure of the fingertip
against the coating shall not be greater i.bgn that required to
transfer a spot of the coating from Y& to ¥sin. (3to 5 mm)
in cross section. The film is seﬁtouch whenfitsstill shows a

tacky condition, but none of i l‘fﬁ Ejhfgn%’] EJ w

1.3 Dust-Free Times:
~1.3.1 Cotton Fiber Test Method—Separate a number of
individual fibers from a mass of absorbent cotton with the

aid of tweezers. At 1 ing i 1
the cotton fibers fral a Wghtl %:T ga S m :

TABLE 1 Recommen%ed Film Thickness of Materials to be

Tested4

Materia! . Dry Film Thickncss
Dryirg cils 1.25 + 0.25 mil (32 + 6 ym)®
Vamishes 1% 0.1 mil (25 + 2 pm) (See 7.3.2)
Lacquers 0.5 £ 0.1 mil (12,5 + 2 pm) (See 7.4.2)
Resin solutions 0.5+ 0.1 mil (12.5 £ 2 pm)
Enamels 1.5 £ 0.25 mil (36.5 = 6 pm)
Qil paints 1.8 + 0.2 mil (45 + 2.5 um) (see 6.2)
Water paints 120.1mil(25+2pm)

“ This table is a general guide to be used when nothing more specific is agreed
Pon between the purchaser and the seller. g

®See 6.1.9 and 7.4.1 Add driers 3 minimum of 24 k before test. -

Moo v At

-

Friction angle, * 22
strength, machine direction/cross direction 119/32
4 ine direction/cross direction - 1807250

7. Procedure AL S
7.1 When test methods or end points other thafi-these - - 5

a5

@b o 1640

marked section of the film. The film is considered to hay.
dned dust free when the cotton fibers can be removed bt
blowing lightly over the surface of the film.

7.4 Tack-Free Times:

7.4.1 Paper Test Method: : :

1.4.1.1 Test Paper—The test paper shall be K-4 Powe
Cable Paper® that when conditioned in accordance with th-
TAPPI Standard Method T 402, conforms to the followin:
requirements:

Basis weight (24 by 36/500), Ib t 90 x5
Thickness, mils (um) 6.65 (17)
Air resistance (s/100 cm?/in.2) 350
Coefficient of static friction 4. 0.5

~ doctor blade is not available, or it has been agreed upon to m h’:‘ direction/cross direction, % 3-2/7-0
~ apply the film in some other manner, the yarious conven- e % : 06
- tional and automatic methods of spray, dip&bwah-ﬁ - —

application may be used, provided dry film th cnesses | A Al t this one shall be run in accordance with Test Method D 207
- conform to the requirements given in T4 ices | Al valuesfor pro are typical values and not specification limits.
. D823 for a description of the spray a /of | \7.4.12 Laya2by 3-in. (50 by 75-mm) piece of the specia
% application. r'r test paper on the film and place upon it a steel cylinder 2 in
;@ »

© in diameter, and of such weight 6.28 Ib, (2.85 kg), as tc

p}ogluce a pressu?é of 2 psi (13.8 kPa). At the end of § s

hods ~ remove the cylinder and invert the test panel. The film i
ent'of ~Teonsil ered free from after-tack when the paper drops off of
dry film thickness can be made by weighing te and ;&hgﬁt film within 10 s.

742
sddd *

o AT _f?\gﬂh same test paper can be used to test the tack-free
N — e ! 1

variation of the test method described in 7.4.]

nsulating varnishes. In this method the piece of

aper shall be 1/ in. (40 mm) in width and 6 in. (150 mm)
i length. The varnish is considered tack-free when this strip
er does not adhere to it when it is pressed on the

e.of the varnish for 1 min by a cylindrical 1-Ib (450-g)

18 in, (25 mm) in diameter. In this test, apply the
aper in the ity of the center of the specimen at right
the coated specimen.

2 iest Method (Tack Tester®)—The tack

sed im this method comprises essentially a base
SUT] ace-contag‘tﬁmg portion l-in. (25-mm) square and a
counter-balancing portion 1 by 2 in. (25 by 50 mm) in area.

Bath portions are made up from a continuous metal strip
the a
thick

i i, ( .46 mm) in thickness. To prepare
}:l e (seg! 7.4.3.1), fit the base with several
esse! masking tape and paper strips to provide a

means of attaching the aluminum foil and so adjust the angle

f the I -in. counter-bal eir rip so that a weight of 5
‘ a’c% n tlﬁ%}m mg the base portion is just
icient 1@ o th lanced force.

7.4.3.1 The tester is prepared for use by carrying out the
following steps in sequence:

(7) Wrap the metal base with three thicknesses of masking
tape, sticky side out, ; '

(2) Cover the outer layer with a good grade of paper,
except for two exposed strips, equally spaced, about Vs by |
in. (6.4 by 25 mm) in area on the top of the tester, and

® Paper meeting these requirements may be obtained from Crocker Technical
Papers. Inc.. 431 Westminster St.. Fitchburg, MA 01420, their Grade R 20-34.

"9 The standard tack tester isfulludescribed-in-the-LI. S_Patent 2 406 980, Sept,
3, 1946 ! ¥ s g 8 : ’
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(3) Cover the paper on the contact side of the base with
one thickness of pressure-sensitive cellulose tape previously
fixed to the metal base of the tester. The cellulose tape serves
two purposes:

First, to pull the layers of masking tape firmly against the
front of the metal base, and

Second, to provide a smooth surface for the foil. Attach
the aluminum foil to the base of the tester by pressing gently
but firmly a 1 by 2-in. (25 by 50-mm) piece of foil, 0.0005 in.
(13 pm) in thickness against one of the % by l-in. (6.4 by
25-mm) exposed strips of masking tape on the top surface of
the base. Wrap the foil tightly and smoothly around the base,
exposing the shiny side, and finally press the outer end gently
against the remaining exposed strip of masking tape. When it
finally becomes necessary to replace wrinkled or soiled
aluminum foil, the ends are easily removed from the
masking tape by exerting a slow, even, upward pull sufficient
to overcome the tack of the tape without tearink@ -

7.4.3.2 A film is considered to have dried W
the tack tester tips over immediately on reroving g
weight allowed to act for 5 s on the counter-wei /
square base fitted with masking tape and ait

7.5 Dry-To-Touch Time:

7.5.1 ‘Drying Oils—Continue testing afte
time has been observed. The film is considere
no longer adheres to the finger and do
appreciably when the finger is lightly rubbe
surface.

7.5.2 Lacquers (and Sealers)—Touch th
varying intervals of time. The film is considered
pronounced marks are left by the finger touchi
the same area on each observation. Test sealers on Wood 8¢
other porous substrates as agreed upon betwee
chaser and the seller.

7.6 Dry-Hard Time:

7.6.1 With the end of the thumb resti
and the forefinger supporting the test pa
imum downward pressure (without twisti
on the film. Lightly polish the contacted“arca with a soft
cloth. The film is considered dry-hard when any mark left by
the thumb is completely removed by the poiisging operation.

7.7 Dry-Through (or Dry-To-Handle) Time:

45

1, exert a max-

- aNC _
~ until the test shows the coating to be print-free.

.r.u- - r"‘"_'r?_."
on the test film™~

Method D 2091 is used to evaluate whether a film is print free a ,
specified time.

79.1 Test PaneLs—Apply the material under test to cleay

plane panels, at least 3 by 6 in. (75 by 150 mm) in size, mada 3
of wood, metal, glass, plastic or other material as ‘agreeq &

upon between the purchaser and the seller.

7.9.2 Imprinting Fabric—Eight-ounce Army duck con. *

forming to Type III of U.S. Fed. Spec. No. CCC-C-419b o
cheesecloth conforming to Fed. Spec. No. CCC-C-440.

7.9.2.1 A pad should be used with the cheesecloth only, :
made of nonwoven felt cloth at least 0.05 in. (1.3 mm) thick, 3

mm) in diameter with plane ends perpendic-
is'and of a length to give a pressure of % or |
e kPa). '

9.4 Procedure: s v
7.9.4.1 Apply.the test matenal to several of the specified

Jor agreed-upon panels by a film applicator, or other specified
KSlhOd, as described in Practices D 823 in either single or

multiple coats, as agreed upon between the purchaser and
‘the seller. In the absenee of a specified dry film thickness, the

-4 “valbes listed in Table 1 should be used.

T 1942 Allow the ccated panels to dry under the condi-
Tﬁq sge(xiﬁed in Section 5, unless otherwise agreed. At

* _applop

j expected to be print-free, carry out the print-free test as

ate intervals, starting shortly before the coating is

described in Test Method D 2091, comparing the appear-
with the ph?tographic standards appearing therein.

8. l%ﬁ,y olll' esting . :
8.1 It 1s, suggested that test intervals be set at periods of

0 10 % of the total test time. If frequency varies

. o,
2
cgnsiderably from the EO % interval or such time interval is
im racti int s.uised shall be reported.

9. Report =
" 9de s of tests shall include all applicable conditions
that deviated from™the standards as outlined or special
conditions or tests used and the results of the test.

7.7.1 Place the test panel in a_horizontal poSition at a @ _
height such that when the thum 1%3}1 t@lw:ﬂ ﬂ Tﬁ'ﬂﬂrﬂ
arm of the operator is in a vertical line t 0. cauge of the|subjective nature of the drying time

shoulder. Bear down on the film Wwith the thumb, exerting

tests, the agreement to be expected between laboratornes

the maximum pressure of the arm, at the same time turning@ depends upomstheir understanding of the terms used, and is

the thumb through an e i
The film is considered dry- gh o -handl
there is no loosening, detachment, wrinkling, or

ot
other
evidence of distortion of the film.

7.8 Dry-To-Recoai:

7.8.1 A filin is considered dry for recoating when a second
coat or specified topcoat can be applied without the deveiop-
ment of any film irregularities such as lifting or loss of
adhesion of the first coat, and the dry time of the second coat
does not exceed the maximum specified (if any) for the first
coat.

7.9 Print-Free Time:

~ NoTe 2—This proccdure is similar to Test Method D 2091, exeept
tiiat the iime to reach the print-free condition is determincd, while Test

-

i i .(Within any laboratory.
ement.de on [the al being tested, some
sharper'in their end point than others.

coatings being much
but duplicate determinations should agree within 10 % of the
time of dirying.'°

10.2 Bias—These test inethods have no bias tecause the -

value for dry times are defined only in terms of these tes:
methods.

11. Keyword
11.1 drying time

10 Gee Praie. 5. W., “A Latin Square Drving Time Study,” Poins. faduer
Maga.ine (Augusi 1961). fur a study of piccisin uf dryiug iime ncasuicments.

B R T —

e



@b o 1640

The American Society for Testing and Materials 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
paterit rights, and the risk of infringament of such rights, are entirely their own responsibility. '

* This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and

if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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8.3

qg“j Designation: D 3359 - 85

Standard Test Methods for
'Measuring Adhesion by Tape Test1 ~

98

This standard is issued under the fixed designation D 3339: the number immediately following the designation indicates the vear 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 ch:mgc since lhc last revision or reapproval. . i

These methods have been approv ed for use by agencies of rhc Depariment of Defense. Consult the DoD lnde\’ of Specifications and
Standards for the specific vear of issue which has been adopted by the Department of Defense.

1. Scope ’ - D 1000 Test Methods For Pressure-Sensitive Adhesi;/e-

1.1 These test methods cover. procedures for assessing the, }  Coated Tapjes Used for Electncal and Electronic
adhesion of coating films to metallic substrates by applymg ‘ pplications

and removing pressure-sensmve tape over cuts made in the ctices for Preparanon of Aluminum and Alu.
oy Surfaces for Painting*

s for Preparation’ of Zinc-Coated (Galva-

] ; rfaces for Painting®

D219 ethods for Adhesion of Orgamc Coatm s by
Sm’pf“%m ¢

D 2370 Test Method. for Tensile Properties of Organic .
Coatings? '

- D3$3O Test Method for Peel Adhesion of Pressure-

‘ smve Tape of 180° Angle$

Spemﬁcatxon for Standard Environment for Con-

and ’[%smg Paint, Varnish, Lacquers, and

film.

1.2 Test Method A is pnmanly intended forw&jgb
sites while Test Method B is more suitable fm'me
laboratory. Also, Test Method B is not con
for films thicker than 5 mils (125 pm).

NoTe |—Subject to agreement between the pu er
Test Method B can be used for thicker films if wnd
employed.

1.3 These test meth"ods"arc used to establi
adhesion of a coating to a substrate is at a
level.- They do not distinguish between hi aterials
adhesion for which more sophisticated meth st Method for Abrasion Resistance of Organic
ment are required. ) W e d a};n by‘ihe aber Abraser?

NoTe 2—It should be recognized that differences 1
the coating surface can affect the results obtained with coa
the same inherent adhesion.

it strate, pressure-sensitive tape is applied over the cut and
1.4 In multicoat systems adhesion failure may oCtE ~-5-'-'-' oved, and adhesion 1s assessed qualitatively on the 0
: " 2 ;

between coats so that the adhesion of the coating syste _,mj_tb t:g

the substrate is not determined. b 3 2 Tesl Mﬂﬁ
umts are 1o be _ele

lattice pattern with either six or
gction 1s made in the film to the
itive tape 1s applied over the lattice

1.5 The values stated in inch-pou
regarded as the standard. The values giver™in parentheses a substrate, pre
for information only. = ‘

1.6 This standard does not purport to address ihe safety
concerns, if any, associated with its use. f¢is the responsi-
bility of the user of this standard to establtélz %propnate 4. SI ificance and Use

safety and health practices and dei abilir) its function of protecting or
regulatory limitations prior to us | ﬂ %ﬁnﬁﬁﬁe 1timust adhere to it for the expeztcd
life se ate and its surface preparation

2. Referenced Documents ¢ (or lack of it) has a drastic effect on the adhesion of coatings.

thod of-évaluation adhesioh’of a coating to different

2.1 ASTM Standard @ W ’}a ﬁﬂ @P utﬁn%‘ﬁ ﬂﬂn&g different coatings to

D609 Practice for Prepara te ra at f considerable useful-
for Testing Paint.. V. rmsh Conversion Coatings, an ness in the industry.

R)elated Coating Products- _ o ) 4.2 The limitations of all adhesion methods and the
D823 Practice for Producing Films of Uniform Thickness  cpecific limitation of this test method to lower levels of

‘of Paint. Varnish. and Related Products on Test Panels®  ;dhesion (see 1.3) should be recognized beforé using-it. The

intra- and inter-laboratory precision of this test method is
similar to other widely-accepted tests for coated substrates

d, and adhesion is evaluated by comparison
ptions anﬂllustranons

' These test methods are under the jurisdiction of ASTM Commitiee D-1 on
Paint and Related Coatings. Materials. and Applications and are the direct
responsibility of Subcommittee D01.23 on Physical Properties of Applied Paint - ;

Films. 3 Annual Book of ASTA Standards. Vol 10.01.

Current edition appm\cd Feb. 15. 1995. Published Aprl 1995. Onginally 4 Annual Book of ASTM Standards. Vol 02.05.
putlished as D 335% - 74. Last previous edition D 3359 - 93. S Annual Book of ASTM Standards. Vol 06.02.

T Annsial Beok oi 4515 Sianderds. Vol 06.01. ) ) ' & Sniai Roon ol ASTM Stenddards: Voi 1304,




£ (for example, Test Metho. D 2370 and- Test Metnod
£ D 4060), but this is partly the result of it being insensitive to
- liau but large differences in adhesion. The limited scale of 0 to
E ,was selected dehberately to av ord 2 false rmpressmn of

_5 Apparatus and Matenals

5.1 Cutting T, 0ol—Sharp razor. blade, scalpel, knife or
other cutting devices. It is of particular 1mportance that the
& cutting edges be in good condition. -
g 5.2 Cutting Guide—Steel or other hard metal straightedge
= to ensure straight cuts. -
.5.3 Tape-One-inch (25-mm) wide semrtransparent pres-\ ‘
sure-sensmve tape with an adhesion strength agreed upon by
i the suppher and the user is needed’. Because of the vari-
ability in adhesion. strength from batch-to-batchrand with
% time, it is essentral that tape from the same bat =yused A
= when tests are to be run in different laboratones i$1S not |

= - 6. Test Specrmens -
g

= 6.1 When this test method is used i
- specimen is the coated structure or a
adhesion is to be evaluated.

:9p

: Note 4—Coatings should be applied in
§ D 823, or as agreed upon between the purch
ZE Note 5—If desired or specified, the coa
= subjected to a preliminary exposure such as wz
= or high humidity before conducting the tape testi The conditions and
time of exposure will be governed by ultimate ¢ jatmg use or shall be
agreed upon between the purchaser and seller. ==

7.1 Select an area free of &t i{&u ;; 1 i €’
imperfections. For tests in the ﬁel fe.that the surface '

clean and dry. Extremes in temﬁHature or relative humrdrty
may affect the adhesion of the tape or the coating.

7.2 Make two cuts/ify t aclNabéutd’$ i (40" min))
WA

long that intersect neat th
hen making the mcrslons use the

ordance with Practice
and the scller

# 6.2 For laboratory use apply the materi tested 10
f‘% panels of the composition and surface conditiongon which it
£ is desired to determine the adhesion. a’;j.jr:-u

Ki NoOTE 3—Apphcable test panel description and surface preparmnn
# methods are given in Practice D 609 and Practices D 1730 and- D2ﬂ92

7. Procedure

io i{gr:fffi StE

between 30 and 45°.
straightedge and cut through the coating to the substrate in
one steady motion.

7.3 Inspect the incisions for reflection of light. from the
metal substrate to establish that the coating film has been

Juwwﬂmavﬁww '

——

& 7Permacel 99 manufactured by Permacel, New Brunswick. NJ 08903. and
= ilable from various Permacel tape distributors. is reported to be suitable for this
7;'_ Purpose. The manufacturer of this tape and the manufacturer of the tape used in
§ the interlaboratory study (see RR: D01-1008), have advised this subcommittee that
= the properties of these tapes were changed. Users of it -should. therefore, check
whether cument matenizl gives toiapeiable resuiis 10 previous supplied material.
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penetrated. If the substrate has not been reached make
another X in a different location. Do not attempt to deepen
a previous cut as this may affect adhesion along the incision.

" 7.4 Remove two complete laps of-the pressure-sensitive
tape from the roll and discard. Remove an additional length
at a steady (that'is, not jerked) rate and- cut a pxeoe about 3
in. (75 mm) long.. -

7.5 Place the center of the tape at the mtersectmn of the
cuts with the tape running in the same direction -asthe
smaller angles Smooth the tape into place by finger in the
area of the incisions and then rub firmly with the eraser on
the end of a pencil. The color under the transparent tape is a
useful indication of when good contact has been made.-

g the free end and pulling it off rapidly (not jerked)
] itself at as close to an angle of 180° as possible.
y the X-cut area for removal of coating from the
su n&prevtous coating and rate the adhesion in
accord&noo-wah the following scale:

I , HE 6 Within 90 + 30 s of application, remove the tape by

£ 5A“No p"&l’im-m:cmoval .

i :):t:se;b(l:f :leset t:;;;l; ;ﬂmd should be. used a 4A  Trace peeling or removal a.long incisions or at thexr Intersection,

= § iy 3A  Jagged [emoy. along mcxsrons up to Yie in. (1.6 mm) o ith

= 54 Rubber Eraser, on the end of a “ 0 side, a ' t ), o ey

E [ 5.5 Illumination—A light source is help ning.... 2A  Jageed removal along most of incisions up to Y in. (3.2 mm) on
g= =1 ( )

=. whether the cuts have been made thr 0, _t]’)q L A | Aither side, e

% substrate. g ;_lﬂ  Removal fom most of the area of the X under the tape, and

Removai beyond the area of the X.

2.58 Repeat the test in two other locatrons on each test
nel. For large structures make sufficient tests to ensure that
‘ adhesmn evaluanon 18 representatxve of the whole

-;f After making several cuts examine the cutting edge
if necessary, remove any flat spots or wire-edge by
@ lightly on a fine oil stone before using again.
cutting tools that develop nicks or other defects that
.ﬁlm

s -?J-q = )
8. Report Jf:
-

ber of tests, their mean and range, and

for coating s er:il‘s where the failure occurred that is,
between first coat { and substrate, between first and second
coat, etc. ~d

8.2 For field tests report the structure or article tested, the
loemon and the envxronmental conditions at the time of

rfﬁ:J leJ paleis rlap@ft the substrate employed, the type

of coating, the method of cure, and the environmental
conditiong-at the time of testing:

Qf 4-If dhesion of the tape has been deter-
ned in accordange wit ethods D 1000 or D 3330,
the adhesion ratmg(s) If the adhesion

report the results wif]
strength of the tape has not been determined, report the
specific tape used and its manufacturer.

9. Precision and Bias®
9.1 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

8 Supporting data are a\arlable from ASTM Headquaners Request RR:
" DOI- IOUS 2
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a wide :ange of adhesion, the within-laboratories standard
deviation was found to.be 0.33 and the between-laboratories
0.44. Based on these standard deviations, the following
criteria should be usedfor judging the acceptability of results
at the 95 % confidence level: o :

9.1.1 Repeatability—Provided adhesion is uniform overa
large surface, results obtained by the same operator should
be considered suspect if they differ by: more than | rating
unit for two measurements. _

'9.1.2 Reproducibility—Two results, each the mean of
triplicates, obtained by different operators should be consid-
ered suspect if they differ by more than 1.5 rating units.

9.2 Bias cannot be established for these test methods.

. TEST METHOD B—CROSS-CUT TAPE TEST
10. Apparatus and Materials ¥ : ‘
10.1 Cutting Tool—Sharp razor blade, scalpelyknife_or

other cutting device having a cutting edge anglesbetween 15
and 30° that will make either a single cut or several cuts at

once’. It is of particular importance that thw )
edges be in good condition. J i 7
10.2 Cutting Guide—If cuts are made ’ op

posed to a mechanical apparatus) a steel or ot
straightedge or template to ensure straigh -
10.3 Rule—Tempered steel rule graduated 0.
measuring individual cuts.
10.4 -Tape, as described in 53,
10.5 Rubber Eraser, on the end of a penci
" 10.6 Illumination, as described in; 5.5:
10.7 Magnifying Glass—An illuminated m

used while making individual cuts and exa tést
o+

area. P

11. Test Specimens J;l::-z*:

\

100

2.0 mils (50 pm) and S mils {122 umj, space the cuts = iy
apart and make six cuts. Fer films thicker than 5 mils uge
Test Method A. -~ . . .

12.2.3 Make..all cuts about ¥ in. (20 mm) long. Cy
through the film to the substrate in one steady motion using

just sufficient pressure on the cutting tool to have the cutting .
edge reach the substrate. When making successive single cuys ..

with the aid of a guide, place the guide on the uncut area.

12.3 After making the required cuts brush the film lightly :
with a soft brush or tissue to remove any detached flakes or -

ribbons of coatings. :

12.4 Examine the cutting edge and, if necessary, remove .

any flat spots or wire-edge by abrading lightly on a fine oil
stone. Make the additional number of cuts at 90° to and
¢ ed on the original cuts. :

‘Z h the area as before and inspect the incisions for
light from the substrate. If the metal has not
ake another grid in a different location.

.6 ‘two complete laps of tape and discard.
emove an additional length at a steady (that is, not jerked)
ate and cut'aspiece.about 3 in. (75 mm) long.”

12.7 Place the center of the tape over the grid and in the
rea of the grid smooth into place by a finger. To ensure

od contact with the film rub the tape firmly with the eraser’

-

ﬂ..ASéBCATlON OF ADHESION TEST RESULTS !

=
PERCENT SURFACE OF CROSS-CUT AREA FROM WHICH
AREA FLAKING HAS OCCURRED FOR SIX PARALLEL CUTS

REMOVED AND ADHESION RANGE BY PERCENT

11.1 Test specimens shall be as described in Section &1t
should be noted, however, that multitip cutters provide-good
results only on test areas sufficiently pl}}xe‘° that all cutting
edges contact the substrate to the. me. T
flatness with a straight edge such as thai,
rule (10.3). =i

12. Procedure ‘J
12.1 Where required or when agreed upon, subject the

 the tempered stee

specimens to a preliminary t efor n ‘ ‘
test (see Note 3). After drying S coatin n tV
the tape test at room temperatugﬂas fined in ification

D 3924, unless D 3924 standard temperature is required Eor
agreed.

12.2 Select an are reﬁf%:ﬁaﬁﬂfﬁrmfﬁ
imperfections, place onl a fi ,lan r the i
nated magnifier, make parallel cuts as follows:

12.2.1 For coatings having a dry film thickness up to and
including 2.0 mils {50 pm) space the cuts | mm apart and
make cleven cuts unless otherwise agreed upon.

12.2.2 For coatings having a dry film thickness between

JE———

9 Multiblade cutters are available from a few sources that specialize in testing
equipment for the paint industry. One supplier that has assisted in the refinement
of these methods and of Test Methods D 2197 is given in footnote 10.

10 A mulitip cutter for coated pipe surfaces is now available from Paul N.
‘Gardaer Co.. 114 NE First:St.. Pompanc Reach. FI.33060. .

[T ¢ o) 1]
il T
__Hm'

65%

[

FIG. 1 Classiﬁcatioﬁ o{ Adhesion Test Results
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n the end.of a pencil. The color under the tape is 2 useful
dication of when good contact has been ‘made.

-12.8 Within 50 + 30 s of application, remove the tape by
seizing the free end and sapidiy (not.jerked) back upon itself
4t as close to an angle of 180° as'possible. : .

2.9 Inspect the grid area for removal of coating from the
ssubstrate or from -a previous coating using the illuminated
‘magnifier. Rate the adhesion in accordance with the fol-
wing scale illustrated in Fig. 1:

The edges of the cuts are co
of the lattice is detached.

-Small flakes of the coating are detached at i-ntexsectioﬁs; less than
"5 % of the area is affected.

. "Small flakes of the coating are detached along edges and

" intersections of cuts. The area affected is 5 to 15 % of the latti
The coating has flaked along the edges and on parts of. the sq 1 |
The area affected is 15 to 35 % of the latti

tt1

mpletely smooth; none of the squares

"The coating has flaked along the edges of cuts in Iz ribbons'and
- whole squares have detached. The area affect t0.65 % of
«_ the lattice. - - : - o

“Flaking and detachment worse than Crade ™

; iZ.lO Repeat the test in two other IW ; ;

tes
F.

3. -
L4

> coat, etc.
£ 713.2 Report the substrate employed,

f X1.1 Introduction BJ
:;;5 X1.1.1 Given the complexities of tli¢ adhesion process,
£ can adhesion be measured? As Mittal (1)‘Ab*l'&pointed out,

= the answer is both yes and no, isgreasonabl fﬁ
:: the present time no test exisrp hat E'regglme‘gikg I
-~ actual physical strength of an %& iV lgc)r'id. ut it can also
: be said that it is possible to obtain an indication of relative

adhesion performance. _ - ~ .
= X1.1.2 Practical *%%te%ﬁl\}gé
§ two types: “implied” ‘and “direet™ “Impli

4l

g

1

il

=" indentation or scribél techniques, rub testing, and wear

testing. Criticism of these tests arises when they are used to
- Quantify the strength of adhesive bonding. But this, in fact, is
+ ot their purpose. An “implied” test should be used to assess
4 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 results are

- The holdface numbers in

parenthases refer 19 the list of roferences at the end
<z O thig test mething. :

)/

iige, © dshould be considered

BEa g
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accordance with Test Methods D 1000 or D 3330, report 1.
results with the adhesion rating(s). If the adhesion strength
the tape has not beer determined, report the. specific ta:
used and its manufacturer. e g

14. Precision and Bias®

14.1 On the basis of two interlaboratory tests of this te
method in one of which operators in six laboratories ma¢
one adhesion measurement on three panels each of thr
coatings covering a wide range of adhesion and in the oth.
operators in six laboratories made three measurements c
two panels each of four different coatings applied over tw
other coatings, the pooled standard deviations for withi:
between-laboratories were found to be 0.37 and 0.,
n these standard deviations, the following criter:

>used for judging the acceptability of results at th
v nce level: T ' ’
‘4:il-Repeatability—Provided adhesion is uniform ove
a large surface, results obtained by the same operator shou!
be considered suspect if they differ by more than one ratir
unit for two measurements. o , o

14.1.2 Reproducibility—Two results, each the mean ¢
duplicates or t(?'plicates, obtained by different operato:

suspect if they differ by more than tw

£ and for coating systems, where the failu at is, _,rabimgunits. - - o : :
= - ’ 3t ! .
 between first coat and substrate, betwéen Secoud: ‘;14.2 Blgs cannot be established for these test methods.

e type Of coating. 5. Keywords' |

- and the method of cure. "4 iéi -l als] adhesion, tape; crosscut adhesion test rﬁethod; tap«
% ' 133 If the adhesion strength has beeg determined in- - adhesion test method; X-cut adhesion test method
£ ¥ T, “ﬁ
B W il
- —APPENDIX
£ % (Nonmandatory Information) [ y
g Y= ' = |
. - Yy X1. COMMENTARY ~d

il - J & =

ssed by a single discrete quantity, the force required to
rupture the coatifig/substrate bond under prescribed condi-
1 Direct tests include the Hesiometer and the

omete .#4€ommon methods which approach the
f;lt%e p er, l'a%ear, and tensile tests.

X1.2 Test Methods &3
ﬁ? ctice, .AUMETD
aj eﬁ %1:1% hesion by inducing bond
by di “modes: a deemed essential for a
test to warrant large-scale acceptance are: use of a straight-
forward and unambiguous procedure; relevance to its in-
tended application; repeatability and reproducibility; and

types of tests have been

-quantifiability, including a meaningfu! rating scale for as-

sessing performance.

X1.2.2 Test methods used for coatings on metals are: peel
adhesion or “tape testing”; Gardner impact flexibility testing;
and adhesive joint testing including shear (lap joint) and
direct tensile (butt joint) testing. These tests do not strctly
meet all the criteria listed, but an appealing aspect of these
tests is that in most cases the equipment/instrumentation ic
readily available or cau oe obtained ai reasonabic cost.
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X1.2.3 A wide diversity of tests methods nave been
developed over the years that measure aspects. of adhesion
(1-5). There generally is difficulty, however, in relanng these
tests to basic adhesion chenomena. -

X1_3 The Tape Test

X1.3.1 By far, the most used test for evaluating coatmg
“adhesion” is the peel test. In use since the 1930’s, in its
simplest version a piece of adhesive tape is pressed against
the paint film. The test consists of observing if the film is
peeled off when the.tape is removed. The method can be
refined to measure the force required for film removal.
However, if the coating is removed simply by pulling off the
tape, the strength of the adhesive bond is at such a low level
as to be practically useless. Consequently, in most cases to
assess coatings of appreciable adhesion, crosses or a cross-
hatched pattern are cut into the coatmg, a tape apng and
removed. The coating removed is assessed ‘against an estab-
lished rating scale. If a coating debonds from Q;Grlcyu&mg
an “X” and not applying tape, the adhesion is Very !

X1.3.2 The current widely-used version w. t
lished in 1974; two test methods are covered i
Both test methods are used to establish whethe
of ‘a coating to a substrate is at an adequat
they do not distinguish between higher levels of
which more sophisticated methods of m
required. Major limitations of the tape test

X1.3.4 When - f{izxible adhesnve tape 1s applied to
coated rigid substraic surface and then removed, the remova)
process has been described in terms of the “peel phenom-
enon,” as illustrated in Fig. X1.1:-

X1.3.5 Peeling begins at the “toothed” leadmg edge (at

the right) and proceeds along the coating adhesive/interface

or the coating/substrate interface, depending on the relative

bond strengths. ‘It is assumed that coating removal occurs

when the tensile force generated along the latter interface,
which is a function of the rheologxcal properties of the
backing and adhesive layer materials, is greater than the
bond strength at the coating-substrate interface (or cohesive
strength of the coating). In actuality, however, this force jg

buted over a discrete distance (O-A) in Fig. X1.1, which
tza; ctly :to the propemes described, not concentrated

in Fig. X1.1 as in the theoretical case—though
the t greatest at the origin for both. A significant
COmpres arises from the response of the tape

bqékmg mterni—tobemg stretched. Thus both tensile and
compressive e involved in adhesion tape testing.
1.3.6 Close scrutiny of the tape test with respect to the

‘nature of the tape employed and certain aspects of the .

pr re itsell reveal several factors, each or any combina-
tion of which can dramatxcally affect the results of the test ag

dxsmsged (6)

l 4.1 Tape tests have been criticized when used for

"Xi’ee] Adhesion Testmg on Plastlc Substrates

sensitivity, applicabiity only to ‘coa.tings of g ; - :su ates other than metal, such as plastics. The central
Eséxsc:rzize;it:; . ?a?ﬁl rﬁﬁgﬁ:ﬂﬁ?ﬁlzﬂs :r)lfgl z . SSI ;E;.. h,xssues_dfse.@hat the test on plastics lacks reproducibility and
testing, pomes alone, of Wikin & berwel ina¥a doesfno relate to the intended applxcatlon Both concerns

ultlioari sters, ‘o tvuliienst syenmrs Wik . dlddare wﬂtrﬂbunde&: poor precision is a direct result of several
m sy ystem ere esiofn— fators intri

failure may occur between or within coats, the ad esxolj'bﬁ o

the coating system to the substrate is not determined.
X1.3.3 Repeatability within one rating unit is gen

observed for coatings on metals for both, methods, wnh

reproducibility of one to two units. The-tape test enjoys

wxdespread popularity and is viewed as_ “‘simiple” as as

a,l to perform
importantly,
th it.

low in cost. Applied to metals, it is econor
lends itself to job site application, and most
after decades of use, people feel comfortable

<« COATING
17 |+ suasTraTE
R ——
TENSION A= THEGRET!CAL -
/
b | — EXPERIMENTAL
— N . .
\. 1 o A
COMPRESSION \‘
FIG. X1.1 Peei Protile (6)

£ e gty 4 gk e

0rs sic t0 the materials employed and the procedure
itself.~ importantly, in this instance the test is being
ph&ﬁwond its intended scope. These test methods were
deplgnéﬂml'fﬁ"relatwely ductile coatings applied to metal
substrates not for coanjés (often brittle) applied to plastic
.;a- onal requirements of coatings on
he usual tape tests to be unsatisfac-
p adhqsxon performance in practice.
;

X1.5 The Tape Contr;ersy

XI1. fL,L‘With the withdrawal from commerce of the tape
#710, current test methods no

{)ﬂerences in tapes used can
lead to dlfferent results as small changes in backmg stiffness

¢ and adhesive g;h,eology cause largg ghanges in the tension

. ea, [panufactured to meel
, g:mdw*n sta ‘;% F{fl VTL lt@rzpass these standards
' d thus be'su g ene l“hia distribution; how-

ever, such a lot may be a source of serious and unexpected
error in assessing adhesion. One commercially available tape
test kit had included a tape with adhesion strength variations
of up to 50 % claimed by the manufacturer. Also, becaus
tapes change on storage, bond strengths of the tape ma)
change over time (7, 8).

X1.5.2 While there are tapes available that appear 10
deliver consistent performance, a given tape does not adherc
equally well to all coatings. For example, when the pecl
removal force of the tape (from the coatmg) used earlier by,
Task Group DUI .23.10 to establish prec-smn of tie methed.

it




B by 3M No. 710 was examined with seven different electro-
T magnetic interference/radio frequency interference (EMI/
#& Rr1) coatings, it was found that, while peel was indeed

£ consistent for a given ceating, the value-varied by 25 %
& between the highest and lowest ratings among coatings.
&= Several factors that contribute to-these- differences include
&= coating composition and topology: as a result, no single tape
is likely to be suitablc for testing all coatings. Further, the

mqmred for bond rupture, but serves only as an indicator
¢ that some minimum value for bond strength was met or

X1.6 Procedural Problems

X1.6.1 The tape test is operator intensive. By design it was
_made as simple as possible to perform, and requires a
minimum of specialized equipment and materiais.that must
meet certain - specifications. The accuracy and—pmsron

dépend largely upon the skill of the operatoiwand
operator’s ability to perform the test in a consiste L
Key steps that directly reflect the importance 1

include the angle and rate of tape removal a e
assessment of the tested sample. It is not
different operators might obtain different resul

-X1.6.2 Peel Angle and Rate: The. standar

180° angle as possible. If the peel angle and

“force required to remove the tape can change «
Nearly linear increases were observed in' pee
proaching 100 % as peel angle was changed fro
and similar large differences can be expected i

reflect:

that are molecular in origin. Variation in pull rate and. peei;

angle can effect large differences in test values and mtisi-be-

minimized to assure reproducibility (9). ™
X1.6.3 Visual Assessment: The ﬁnaLiée

in the t

certain rheologlcal propemes of the backmg and adhiésive"’
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which is subjective in nature, so that the coatmgs can vary
among individuals evaluatmg the same specimen (9).
X1.6.3.1 Performance in the tape test is based on the
amount of coating removed compared to a descriptive scale.
The exposure of.the substrate can be due to factors other -
than- coating adhesion, including that arising from the
reqmrement that-the “coating 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.
';f(:i ; ss can lead to a misleading indication of poor
t 1s it possible to cut only to the interface?
moval “results substrate failure at or below the

X1.6.3.2 Cutting might be suitable for coatings applied to

e to the unique interfacial zone. For coatings on
_JXI.GE.II:-'gQ_eral if adhesion test panels are examined
interface, and not from the adhesive failure between the

metal substrates, but for coatings applied to plastics or wood,
es, issues include how deep should this cut
nicroscopically, it is often clearly evident that the coating

f ¢ atmg and the substrate. Cohesive failure within the coating
film is also frequently observed. However, with the tape test,

faﬂu s within the substrate or coating layers are rare because

¢ J
' —tho-tdpe adhesive is not usually strong enough to exceed the
_.cobswe strengths of normal substrates and organic coatings.

ou;h some rather brittle coatings may exhibit cohesive
e, the tape  test adhesion method does not make
ion for giving failure locality (7, 8).
4 Use of the test method in the field can lead to

A v:m'z( n in test results due to temperature and humidity
“ chaﬁé’x

d thqr effect upon tape, coating and substrate.
e

i o
X1 .ﬂ lusion

aﬂl-thc issues aside, if these test methods are used
w1thm the Scope Sectlgj{ and are performed carefully, some

£
§
4
%

pp. 7-8.

(2) Corcoron, E. M., “Adhesion,” Chapter] 5.3, Paint Testmg Manual, §
13thed., ASTM STP 500, A,S.

(3) Gardner, H. A., and Swé Cﬁ
Chapter 7, Gardner ﬂat
159-170.

(4) Mittal, K. L., Journal of Adhesion Science and Technology, Vol i.
No. 3, 1987. pp. 247-2569.

ethesda, "MD," 1962, '37)5

b

|

Pa{rlglfhg hmu[ uth‘gﬂ [ 9

: !") ﬁdSOn,(G

j‘ate relative level of adhesion can

visual assessment of the coating removed\ffom the specimen,  be W
| '—:
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'g Standard Test Methcds for

<

3

erigr-l adoption or. in the case of revision, the vear of last revisio

. Scope

1.1 These test methods cover the:determination of the
esistance of dried varnish films to immersion in water and
Jilute alkali at room temperature.

1.2 This standard may involve hazardsus ma.rials,
ations, and equipment. This standard does no purpe lll
address all of the safety problems associated with its use. It is
the responsibility of the user of this standard (o establish
appropriate safety and health practices and deiermine the
applicability of regulatory limitations prior 10 use

|

e

-

2. Referenced Documents

2.1 ASTM Standards: : :
D 609 Practice for Preparation of Cold-
for Testing Paint, Vamish, Conv

]
]

104

Resistance of Dried Fiims of Varnishes to Water and Alkali

This siun.daed is 1ssucd ynder the fixed designation D 1647: the number immediately follauine the desienation indicatcs the year of

n. A number in perenttetcr “adicaer the vear of fas fcapproval. A

$E"TCRPU epsilon (¢) indicates an editonal change since the last cevision o reapprova:

used in all tesis. Unless otherwise indicated, it is intc-
that all rezgents coaform to the specifications of the ¢
mittee on Anzlylical Reagents of the American Ches
Socicty, where such specifications are available 4
5.2 Purity of Waier—Unless othenwise icated,
ences 10 water shull be understood 10 mean Itidgent w.
/ by Type IV of Specification D 1193,

)‘ﬂ 4
METHOD A—WATER RESISTANCE OF DRIED FL;

6. Apparatus and Materials

caker, glass, 600 mL or larger. _
6:2.7un Panels. 3 by 5 in. (75 by 125 mm) cut

commercial_No. 31 gage (0.225-mm) brght tn
" weighing 0.4 10°0.5 1b/fi* (1.90 10 2.50 kg/m?) and car
‘cleaned and dricd before use in accordance with Meth
or C of Metiiods D 609.

3 Related Coalting Products? -4 473 N
i D 1193 Specification for Reagent Wa = :—; 7. Procedure ‘
D 3924 Specification for Standard Efivic ylor Con= 4 741 Elowihe vamish onto the tin panels, allow 1o Ay
. ditioning and_Tc_)stmg Paint, Vam ."éﬂd',b a'nearly vertical position, and dry for 48 h in the stz

Related Materials? 21~ atmosphere deseribed in Specification D 3924,

L e 4 [ ) 2 Blaceuthc parels in a bedker cumcaini.: sous -
3. Summary of Test Methods ) ’ e 1+« (65 mm) of water at room temperature, immersing th
§ 3.1 Test Method A—The material ufider ffest is flowed  ghat wer uppermost during drying, and allow to remr

onto tinplate panels and dried for 48 h. The
immersed 1o half their length in ragent water
other agreed upon time, removed, and examined visually.
3.2 Test Method B—The matenal under test-isapplied 1
glass test tubes by dipping and driesdifor 72 h. The tubes are
then suspended in dilute sodivm ~hydroxide for perods
ranging from 1 to 24 h, removed, dn '
4. Significance and Use -J

30 min, cxamined visually.
4.1 Dred Vamish Films are a sourcesof primary protec-
a%;

ton for surfaces. Exposu ¢ r
solutions are two factors Ec'&l}:
protective coating. This '

comparison basis between manufacturer and coasumer to
determine the ability of the varmish 10 resist water and dilute

e AWTANTITUN

5.1 Purity of Reagenis—Rezgent grade chemicals shall be

|

S. Reagents

! These test methods arc under the jursdiction of ASTM Committee D-1 on
Paint and Related Coatings, Materials, 14 Apolicitions and are the direct
“responsibility of Subcommittee D! 23 an Polymers and Resins
Cumrent edition approved Apdl 28, 1989. Published June 1989. Onginally
published as D 1647 - 59. Last previous cdition D 1647 - g3,
* Annual Book of ASTA Standards, Vol 06.01.
? Annual Book of ASTM Standards, Vol 11.01.

-

1

nels-arethen —
fde 18 or ~

fiatd

ter for 18 h, or other suitable period as agread
*en the purchaser and the seller.

. 1.3 _Remove the panels from the water, wipe cares .,
%dry 2t room temperature. Note the time req .
whitening, if any/ 1 disappear. Blooming, which sem
-- 190, is considered a type of whiteni

i

L

-I"Report the results of the water test as foli=.._.
8.1.1 Not V?Sﬂ)ly affected,
QJS.I.Z Whitening disappears within 20 min,
ilening, does not disappear within 20 m
FHELEE]
1 itening | does
disappears within 24 h, or :
8.1.5=Whitening does nétdisappcar within 24 h.

AR RE =z

9. Reagent
9.1 Sodium Hydroxide Solution (30 g/L)—Disso:

not disappear within 2

* Reagent Chemicals. American Chemical Socicty Specifications,
Chemial Socicty, Washington, DC. For suggestions on the testing of ¢
listed by the American Chemical Socicty, see Analar Stavdards Jor
Chermicals. BOH Lud.. Poole, Dorset, U.K.. and thé United States £h
and Natioral Furnudary, US. Pharmaccutical Convention, .
Rockvilic. MD.
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3¢ sodium hydroxide (NaOH) in water and dilute to | L

10. Procedure

10.1 Thoroughly clean and dry twenty | by 6-in. (25 by
150-mm) test tubes in toluene. Dip the tubes into the varnish
under test, remove 'mmediately, tnvert the tubes. and allow
the varnish 0 dry for 72 + | h in the standard atmosphere
described in Specification D 3924, A suggested test schedule
to fit into normal working hours is shown in Tahlc *,

10.2 Into each of ten 1000-mL. tall-form lipless. chemi-
cally resistant plastic or glass beakers, place 300 mL of the

£ vooc

H IR =

i .e e
NaOH solution. Suspend a sef of two varnish-coated tubes in I Y ; H + y S
cach beaker so that the tubes do not touch the bottom or | =8 N RS ol
sides of the beaker and arc immersed for a distance of i L4 i SN
arproximately 2 in. (50 mm). As a suspendi q F
Fig. 1), use a wooden cover plate and 1wo dowels. 3 = 3 3 A
one-hole cork stoppers, the dowels an he corks fiui 'i e : ———- t-Leter Chemecan,
the tubes and the cover plate fitting MM‘: as tightl ! : B | Rt s
possible. Maintain the NaOH soluMmpcrglrc | _' : ; L SR "
% 2°C. — i . Solfuton te Trae g,

10.3 Remove a set of 1wg i t bc§ dﬁ;:-""‘— T U \_ |

immersion for each of the followi
5.6,7,8, 16, and 24 h. Rins

© NOTE—1in. = 254 mm.
. FIG. 1 Appacatus for Alkali Resistance Te
b

‘whiteaing, blistering. or removal, The end point
the number of hours immersion at which the |
ilm_ whitening, blistering. or removal arce nc¢
/ nic;\l stdes of the tubes or on the spherical bot
of the tube. The results may be compared with
materials known tc sive acceptable performance
‘Wwark. the test on materials known 10 be aceeptat
adc simultancously.

Day Hour

Monday 8:30 am.
4:00 p.m.

Thwrsday 8:30 a.m.
9:30 a.m. and each hour

thereafter to 4:30 p.m.

10:00 a.m. and each hour  exs

thereafter 1o 5:00 p.m.

4:00 p.m, stant M@ _ 11. Report
Friday S - Sl A 2 I1.1 Report the results of the alkali test as fc
o . riese, and a dry foc 30 mia k1. 1#Type of varnish, and
8:30 am.’ (A examine vamish fim o -+ d point of the test, h.
4:00 p.m. T o Preiion
4:30 p.m.

12.1 Precision has not been determined due
plicity ol ambient test conditions.

aay palent rights esserted in comecaoa
Getermination of the validity of any such
.

ce.

his ' dard or for additional standard:
‘o at & meeling of the respoasibdle
I aning you should make you

. ¢ . fT e T T ATy W vt ey
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