


questions, addressed in this article, must

be considered if a coating specification is

to be supported in a meaningfui u'ay and

to prevent all sorts of problems.

The authors relate tales-from the

\\'ater storage, Canadian oil patch, and
bridge industries-in rr hich specifiers
assumed things were it1 eydsr, x,here
coating tests and specifications \vere con-

sidered to be in harmon1., and n'here
repeated use suggested all u'as u'ell. But
all n'as not well. The coating specifica-

tions q'ere built upon inappropriate uses

of certain test data. and dark conse-

quences loomed. The authors also pro
pose ways to conduct testing that poten-
tially offer more meaningful correlations
with real-r*.orld coating performance.

Ioil and Trsuble
Thke issues sumounding the use of adhe-

sion measuremenls. Some coating manu
facturers crave large adhesion r.alues to
gain a favorable coating specification
position. Obtaining and prornoting those
large values nray even be an element of a
coating companys strategy to buttress
coating superioritl,- ciaims and have high
adhesion r.alues adopted as a de facto
ga nda rd s, iLh specifi cat ion authorities.
Other coating manufacturer strategies
with speci{iers include the deliberate
blend of inelevant test data with rele-

vant. data to make it harder for a com-
petitors coating lo obtain "or equal sta-
tus." And there is no definition of "equal"

status.l2
Discrete values of coating adhesion

sornetimes receive inordinate signifi-

cance.3 Specifications that mandate
adhesion r.alues of, say,850 psi mini-
mum, imply the vaiues have great mean-

ing. A clue that. an ulderstanding of the
significance of coating testing is absent in
a coating specification is n hen a Iitany of
non-relevant test requirements is culled
from a product data sheet arrd ph1'sical

criteria such as rveight per gallon, rnix
ratio, and volume solids are prescriptive
in the specification.

The basic physical parameters of coat-
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ings have no value with respect to coating

system performance. Ironically, specifica-

tions exclude many good coating candi-

dates that should have been chosen judi
ciously and u,ould have oflered superior
performance compared to approved prod-

ucts chosen poorly. Perhaps a novice
specification $.riter "researched coating
materials" by scouring the Internet rather
than conducting a proper literature
search. In so doing, specificatiors may be

$rritten around a particular product *.ith
no emphasis on coating system perfor-
mance.

Few would argue that test data in a
specification should have reasonable rele-

vance [o the intended service conditions
for a given s).stem. An example is testing

for anticorrosir.e properties of coatings in
aggressive chenrical immersion. l,aboratory
tests on new low VOC coatings or poten-

rially higher heat and chemical-resistanl

coatmgp should aln ays be conducted

alongside the same test on a control coat-

ing with known performance in the actual
exposure en\.borment. Theoretically, tak
ing accelerated laboratory lests to the
point of coating failure is far more mean

ingful for attempted correlation rvith real

life coating performance in the field.

Increasingll., engineers s'ant faster tests

and data. But faster tmts mean lhe results

are less likely to correlate u'ith real life
performance. One research tool, hop-er.
el Electrochemical hnpedance

Spectroscopy (EIS), used with autoclave

tests, has been emplol'ed to evaluate

potential high-temperature-resistant tank
linings in 5 B days and has pror.en to be

a good indicator of real-llfe

perfirrmance.4

Comparing test data obtained at differ-
ent [imes, by different operators, or in
different. laboratories must be done care-

fully. \{ary standard coating test rneth-
ods u'ere originally designed for compar-
ative testing in a shgle test series, not for
generating an absolute test value. Other
methods har.e options that can signifi-
cantly affect results. Sorne ASTM test
methods contain precision and bias state-

ments based on round robin studies.

Unfortunatell', the statements are often
ignored n'hen comparing data; equally
udortunatell', many test methods haye
not, been studied to properly ascertain
their reproducibilitl. and repeatability.
Unless you understand the fine details of
a test method, you cannot, compare data
generated at different times and places.5

Consequentll., unless the details of the
test methods used for coatings are ulder'
stood, the data is often assumed to have
a much higher accuracy than the method
deserves. Durilg neu. coating product
development, the test method is good

enough if it can differentiate betn'een
experimental formulations that, are obvi-
ously unsuited to a certain set of sen-ice
conditions and formulations that s.ill
perform well. With coatings that perform
reasonablv n'ell, the ability of most meth-
ods to finely disfinguish diflerent leveis

of performance is often dubious because

of the inherent variability in many test
methods (and operators).

ESTII BlIt San fog TGstiEg: Potablc
lif atff Tank S[GGlfi Gauons

Pogo's Observation-We have met
the enemy-and it is us.
Arvaiting an audience n'ith a respected

specification s,riter for a small munici-
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Fig. 1: Satt fog (L) test data was incorrectty specified f1r a potable water tank lining, when data fron potable v/atel

immersion testing (R) should have been called for- All photos courtesy ot the authors

pality district, a coating manufacturer's

technical representative turned the

pages of a coating specification.

Suddenly, he u'as dumbfounded by a

strikingly peculiar requirement for
inmersion-grade potable water linings.

Specific results from an ageold tesl $'ere

there in print and used by a coating

manufacturer to gain soie specification

position in a potable s'ater immersion

project. The test AST\,1 8117 (Standard

Practice for Operating Salt Spray (Fog)

Apparatus) rvhere a scribed panel is

exposed to a 5% \aCl salt fog, a pH of
6.57.2,ard a temperature of 35 C.6

Salt? In a spec for lining a potable

water tank? Decidedly odd at face value,

mused the coating manufacturer. Horr''

did this test come to be specified? And
hos. could it possibly be meaningful for
potable water imrnersion sen'ice? The

coating manufacturer scratched his bald

spot. \latters worsened For his particu-

lar coating to be accepted, the specifica-

tion also called firr at least 7,000 hours'

successftrl coating pedormance in test.

Wol', he thought, big numbers.lf 2,000
hours n ere good, the specification rvriter
must have thought, 7,000 hows n ere

better.
In the back of the coating manufactur-

ers rnind n as the accelerated laboratory

testing scene. His mind n'ent into hyper

drive. He reasoned: a long-standing

industry consensus holds that the mech-

anisms of corrosion and degradation in
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the ASTII 8117 test do not correlate

rr.ith real n'orld, atmospheric coating

deterioration. Instead, results from
AST\,I D5894 testing (Standard Practice

for Cyclic Salt fogluv Exposure of
Painted \4etal) accord far better n.ith in-

serr-ice coating performance.T-g

Something was aI .rY. Quite aPart

from atmospheric exposures, how could

the mechanisms of corrosion in a salt fog

testing ent'ironment be relevant to those

in a potable waler inrmersion environ

ment? Wheres the salt?

Soon, the specification *'riter sat

doqm n'ith the coating manufacturer's

representative and discussed the matter

in earnest. The specifier appreciated and

recognized the representative's technical

reasoning. A t;pica} failure in the ASTM

B I I 7 test s'-ould be scribe undercutting.

A typical failure in potable water immer-

sion x'ould be blistering. Hos'different.
The higher resistalce of potable water

n'ould equate to lon'conductivity and a

lon'corrosion current, and little in terms

ofcorrosion.
Osmotic, or electroendosmotic, phe-

nomena, wor:ld be more prevalent rrith

coatings immersed in fresh $'at€r com

pared to salt \\.ater: hence, the greater

propensity for blistering in potable

s.ater serr.ice and fallacious reasoning

deployed in an attempt to meaningfully

correlate ASTM 81i7 x'ith potable

s'ater frunersion (Frg. l).
By the intervien's end, the specifier

appreciated the coating manufacturer's
point, that attempting to meaningfully
correlate AST\{ B} i7 laboratory results

s.ith the anticipated serr.ice Iife of a coat

ing in potable n'ater immersion stretched

credulitli The requirement for the

AST\I 8117 test rvas s.ithdrau'n from
the specification. \'{ore emphasis u'as

placed on the water resistance of the

coating system.

Hon, one may ask, could things go

rvrong if the AST\4 8117 test criteria
had been adopted? The specifier rvould

have inadvertently prevented the faciiitl'
on ner lrom using the most cost-effbctive

coating s)istem for the potable n'ater
immersion project. The coating system

that the r.isiting coating manufacturer
offered-u'ith the longest track record of
pro\ren success and best life cycle

costs-$.as about to be sacrificed on the

a-ltar of thousands of irreler-ant, arbi'
trary hours in a salt fog chamber.

For tanl< exteriors, many specified

coating sys[ems consist of two or three

coats of high-performatce materials. The

test criteria used to appro\.e a system

may be based on data for individual
coats, not the actual system itself We

found specifications n'here AST\'I Bt 17

requirements are cited for over 1,000

hours for the polyurethane finish alone

when it s/as part of a multi coat system

such as a zinc, an epoxl', and a

polyurethane, but. the specifier did not

cite an AST\'1 81 17 requirement for the
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tlree coat S],steln.

For corrosion resistance, AST\1 8117
n.as the norn for 1'ears but the coating

industrl- has largeil- subordinated it
because of its poor correlation u'ith real

t orld coating performance.

\er,ertheless, the 1,000 hour pass-fail

criterion of AST\'I B I 17 might occasion

a111. be deemed to have merit such as ir-r a

spiash zone on an offshore platflorm,

r.here tire criterion has tnore reler-ance

than it n-ould to slructural steel on, sat-,

a silo in Kalsas.l)

Test methods that introduce a o'clic
enr.ironment (rvet,/dr;' or hotrlso]i e.
both) aJlord enhanced reler,ance lor most

applications. C-vclic tests such as AST\I
GB5, ISO 2O3.IO, AST\I D5894, AId
\ACE T\,10304 are routinell- emplol'ed

but the storl'remains the same: it is still
important to obtain lxtter correlation of
the test and the intended exposure envi
ronnent.

Despite unprecedented technological
progress, rve still find ourselr.es in the

realm of corrosion testing that differenti
ates coaiing slistems b1- the degree of
rust creep at the scribe ofa lest panel.

And the subjectivity involved in panel
preparation, the remor.a-l of loose pailt
from the scribe, and subsequent corro'
sion ratings stems from the variabiiitf il
lhe operator doing the n ork. As a result,

the adiresion data generated ir"r terms of
scribe creep r-alues is best used compar

ativell' rather tha' to generate an

absolute "number." Aithouqh round
robin studies of the sarle s1-stenis in dif
ferent iaboratories, or in different test

regimes, rna1. qir-e fairly consistent per-

fonnalce rankhgs, the absolute scribe
creep r=a1ues rna\'\:ar\: x'idel1,

luas Sell Te$ing
and ns canadian ||il Patc[

A cold dose of Canadian oil patch
reality is a good thing.
When an ir.rternal coating or lirring fails

prematurell. in tire Caladian oii patch, a

faciJitl' o\yner can lose retenues of hun-

dreds of thousalds of dollars per da1.

s.hile the facilitf is out of service. For

cost reasolls alone, proper selection of
the high performalce coating ald the
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coating supplier cannot be overempha

sized.

To judiciousll' select coatilg s)'stenls in

the oil patch, tldrd parti'- independent

testing is needed to er-aluate the effects

of chemical and phl'sical stresses on call

didate coating s!-sterns. Ser-eral laborata

11'test rnethods are t1'picalll-used to

deleruile n-hether or uot coatings nleef

pre-qualfication criteria for tanks and

r.essels. 1 o

' Antoclave testhq (\ACE T\IO1B5
o2)

' Electrochemical ilnpedance sPec

troscop\' (EIS) (lSO 16773)

' Cathodic disbondment (,\ST\l GB,

G95 or CA\/zCSA 2245.20/21021
' Standard Atlas Cell test (\ACE T\l

disquali$'coatings for talks and vessels

h the oil patch.

For several decades, coatings and lin-

inqs su bject to the cold u al I effect I I

have been studied using Atlas Cell ald
pressurized Atlas Cei} tests. Such tests

har e been used to conlpare the perfor-

malce of internal linilgs for high tem

perature, high-pressure, and chernicalll'
agqressir-e oil patch applications (s'here

external temperatures are at arnbient) to

ran]< and pre-screen linings for particuiar
sen.ice enr.ironments. For detennining
suitable pipeline coatings, the predlctive
capabilitl' and usefulness of Atlas Cell

lests have been rr-ell estab[shed.l2 \lan
people conteld that Atlas Cell tests are

hr-aluable for ranliilg and pre-screening

Fig. 2: Multi-Port Atlas Cell (ref. 13). This Atlas Cell apparatus was designed and constructed v,,hereby eighl

coatings can be evaluated simultane1usly, and in vlhich hot and cold side temperatures can be significanily

better controlled and measured. Cold wall conditions v'rere created with either cooling vlater ar air.

o17142)
' Pressurlzed Atlas Celi test (modified

fleld \ACE T\{O17{ 02)
. Chernical cl'cle tests at eler ated tem
peratures

' Adhesion (parallel scribe method)
. Impact test (modified AST\{ Gl4 or

cA\/csA 7245.20/2102\
Of interes[ here is Atlas Cell tesiing,

its use to tr,v to correlate real x-orld ser

r-ice, and the specifiers recognition and

interpretation of the testing to qualifl' or

linings for t-anhs and vessels.

Testilg initiated bi' facilitl' osners has

shon'n that some high-perforrnance
epories srth the longest, rnost successful
track records in oiJ patch sen'ice actual

ly fare miserablv in standard Atlas Cell

tests cornpared to rnany- other coatings.

As a result, specifiers mal'reject the

epoxies out of hand.

So rvhat s the problem? First, based on

the Atlas Cell test, a lining ostensibil'
most fit lor purpose is ndstakenll'
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deerned inferior and, therefore, unsuitable for real life service

compared to another lining that perforns s.ell in the test.

Second, and most importantll-, the facility ourrer's desire for
optimuur life cvcle costs can be thwarted b1'over-reliance or

or:er interpretation of an Atlas Cell Test. Third, from a techni-

cal perspectir-e, talks erposed to the chilling letnperatures of
Canadian n-inters might erroneouslr, be tliought to be subject

to a nuch stronqer cold n'all effect than is actually present.

Against this backdrop, and to test cold n'all hypotheses, a

custorn-built Atlas Cell x'as used (Fig. 2). The "multiport"
.{tlas Cell s'as designed to evaluate eight coatings simuitane-

ousll', and temperatures on the hot a-nd cold sides n'ere far

better controlled thal with the staldard test model.l3 The

procedure revealed a pronounced difference betu.een chilling
\\'ith ai.r and chilling s,ith s.ater (or glycol) ir the Atlas Cell
test. When aa Atlas Cell test is run s'ith a given temperature
gradient betu'een the hot and cold side, the actual tempera-
ture gradient s'ill be considerabll,'higirer l'hen the chilling is
done n.ith \\'ater compared to air, This factor is ner-er taken
into account g,hen reporting.A.tlas Cell test results.

Certain tiqhtll,' cross-linked epoxy novolac coating systerns
perform poorly a-nd blister relatir.ely. quickly-s'hen the Atlas
Cell is chilled b)' nater-i.e., hon'the standard test is normalll'
run (Fig. 3). Altirough mall'specification authorities like the

Atlas test, the diflicultl.is in correlating the test results l'ith
real s-orld coating performance in hot process fluids. In real
life, the tanks in the freezing n.inters il the Caladial oil patch
are chilled b1' ar. Guess n'hat? The coatings on the inside per'
lomr f,rr decades u'heu the tank externa-ls are chilled brv alr
(Fig. -1).

Paradoicalll', the better the coatilg performed in real life,

the u.orse the coating perforned in ihe Atlas Cell test. Why?
The &fference bet*'een the heat capacitl. and thermal conduc,
tivitv ofair and *-ater accounted for the discrepancl' bets'een
Atlas Cell test results aud field obsen'ations lor the coating.
Air has a los' heat capacitl.and a iorr' thermal conductivitl',
n.hereas n.ater has a high heat capacitl'ald good thermal con
ductir-it1i lherefore, n'hen it contacts steel, chilled \\.ater can

drau' out a significant anoullt of heat, exerting a strong chill-
ing effect and producing a substantial cold u-all effect.

In rnarked contrast, air has little capabilitl'to produce a

cold n'all effect in the real life freezing conditions il the
Caladian oil patch. The actual temperature qradient in the
tank n'alls is siqnificantly los.er thal that produced in the
Atlas Cell chilled u.ith u.ater, given the satne difference
betu'een inside and outside ternperature. It has been shos'n
tlut if the temperature gradient is controlled rather ihan the

tenperature of the hot and cold media, on the hot and cold
sides of the Atlas Cell rcspcctir-e11., laboratory results match

field results 1'spy 11,sll.l3

Coatings \\'ith high chetnical resistance appear to be asso

ciated u'ith los-permeabilitl'and los'tolerance to a cold
*'all effect, n'hereas coatings \\'ith high cold n'all resistance
appear associated s'ith moderate perureabilitl: Field perfor-
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t F€erots

Fig. 3: Results from Multi-PorI Atlas Cell test (ref.l3) Top:

Coating A: (a t',ro-coat epoxy novolac) LT=7 C. cooled with

23 C air. Note lack of blisters and excellent adhesiln fram par'

allel scribe adhesion test. Bottom: Coating A: tT=45 C, cooled

u,tith 23 C water. N1te high density 0f large blisters and p00r

adhesion frlm parallel scribe adhesion test.

lnance \\'as also shou'n to correlate
poorll- to Atlas Cell results s'hen unre-

alisticallf i'riqh temperature gradients

\\-ere used in testinq.
To add insult to injurl': t'hat qood is

it ifcertain test data for the best in-test
performer, (er en if erroneous) indicates

success for the facilitr o$Ier but. in

rea1it1, the coating application charac

teristics \\-ere llot hitherto assessed and

s-ere later found dlfficult on the job

site. Linings tirat can neither be applied

u'ell under fleld conditions nor equal

tlie applied finish oflaboratorl test

panels are hard11-conduci\.e to success-

ful projects.

in tire luul anall'sis, the ,{.tlas Ceil test

as it is norrnalll'run uith q.ater cooiing is

rrof a qood lrdicator of in sertice coathq
perfomrance lor sotue irighlr' cross-linked

eporl'nor olacs used for tadl linings.

Ironicaill, specification ailthorities

lna) continue to screen out sucir proven
"field perforners," preferritrg instead

Atlas Cell tests "qood perforlllers."
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Fig. 4: IJn-insutated tanks in Canadian 1il patch-h7t cargo with a large cold tvall effect in

Hinter. Lined vith C1ating A (a h'/1-coat ep1x)/ nov)lac) a!

12-18 nilst7tal DFT. No coating breakdor,vn in real life pertormance after 15 years.

\'Ieans hile, facilitl' o\\ ners can lose out,

s'hlle poorer perfortnance coatings

squeali through to the job site.

ldhcsion TGsting

Eng's Principle-The easier it is to do,

the harder it is to change'
Lo and behold, do u'e u'ant, or need, llgh
adhesion values to be stipulated ilr coat-

inq specrlicat iorrs? Slrould arbitrarl
adhesion nurnbers ser\-e as pass fall cri-

terla? Does the magnitude of adhesion

numbers correiate ir real life lr'itir hoq-

long, coathg slstetrs aciualll. last?

These questions, though b1'no tleals
ali'encourpassing, underscore a need to

assess the implicatiol.ls of adhesion
g'here intermoiecular forces sucii as

Leu,is acid./base interactions (includiag

h,i-dlogen bonding) ald Yal der \\taals

forces operate.l{

Adhesion Tests-Structural Steel

Let's take a hvpoihetical but t1'pical situ-

ation. \leasuritrg adhesiotr of Coating

Systems A and B for structural steel is a

relatir e11. straiqhtfloru'ard process for
the coatirlq malufactru'er n.hen ASTII
D-15-l i is used. The resu-lts are gir-en to a

coating specifier. At first glance, the

temptation for our specifier is to sal'that
if Coatilg S1-stem ,\ gar-e a 2,500 psi

adhesion i-aiue, it is rnarkeclll'better
than the 1,800 psi value rneasured for

Coating s],stern B. \ot so fast. If the

rnethod of rneasurement has au accura-

c1. (Coefficient of r.ariation) of t209o,

then the resul[ for S1-stem .{. is actuai]-r'

bets-een 2,000 ard 3,000 psi, and the

result for Svstetn B is betn'een 1,-i-10

and 2, I 60 psi. Because the ralges over-
lap, 1'ou carxrot state conciusivell'that
one ls better than the other. The sigtrifi-

calce of the differences in results

depends on the number of data poilts
ard tlre accrlrac\ of the ttteasurlrq s1 s-

tern. Bes'are the one data poilt cotnpari

sonl

So there is little, ifany significance in

the difference betl'eeu 1,300 and 2,500
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psi adhesior numbers. Sirnpll. put, based on these adhesion

numbers, no rneaningful argument exists for the specifier to
differentiate bets.een either coating s)-stem. But the specifier
is in the dark: no one told him about coefTicients of r.ariation.

He screens out Coating B, and Coatinq ,{. becornes the stan

dard of quaiit1.. Difliculties do not end there. Porous thin films,
for example, where the glue penetrates more extensivell,,
rnight gir"e superior adhesiolt r-alues.

The consensus fron an SSPC sun.el.of coating manfac,
turers rer.ealed that "tenacious adhesion" q.as cited most
often as a prirnarl. factor to ensure successful bridge or.er-

coating projects.15 And hou- \\'as "teracious adhesion"
thought to be most likell. assured? In essence, bl,obtairring
high numerica"l adhesion r.alues for the coatiug s)-stert.

\o one would dispute the inportance of good adhesion as a
criterion for the success of a coating project, but n.irat defines
the breadth or narro\\-ness of "good"? For erample, good
adhesion mav har-e far more to do u-ith an abilitl.to s-ith-
stand the rigors of hl.grotherural stress from inclenent n-eath
er conditions andthe rigors ofinternal coatinq stresses than
u.hat is irferred b1.- a large adhesion r-alue. Counter htuitir.el]',
n.hen it comes to overcoating lead based alkl-d paints, the
chernistrr. behind single component coatings n.ith iorl'adhe
sion values (approximateil'200-300 psi) can pror.ide far bet,
ter coating [est resuits ald loneevitl' than coating s].stents
based otr t\\.o componetrt technologv rith r-erv high adhesion

\.alues.16,l7

Accelerated laboratort. tests routinelf include AST\{
D45{ 1 pull-off ad}resion tests. ,tlthough pneumatic resters
har,e precision superior to that ofinechanical ones, the accu
rac1,- and reler-alce of the adhesion data mav be questlonable
and over interpreted, ald ma)' lead to errolteous conclusions.

\o significance xitatsoer.er can be attached to a test faiiure
r-alue reported t-ithout an acconpanl-ing description of the
lailure mode. For example, a coating s]'stem that lails cohe
sivell,-at 750 psi is arguablr. less prone to catastrophic field
failure than alother coating s\.stem that has intercoat or sub
strate adhesion lajlure at 1,000 psi. Once again, a higher adhe-
siotr value is not indicatit-e of a better coatinq slstem.

Different opinions also abound on the comparatir e merit of
adhesion measurements n.here cutting around the adhesion
dollv before the pull is advocated (as in the AST\I procedure)
\iersus cutling around the doliv (as in the ISO procedure).l8
Testing authorities s.ho adr-ocate the ISO test method contend
that the AST\1 procedure does not strictll. measure adhesion
but also measures the tensile properties ofthe coatinq.
Gralted, this is the case. Hou'er.er, u itat coating s)'sten is
subjected to a force that essentiall)-"sucks" it offthe sub
strate? Conversell; testing authorities u ho far.or AST\I
counter that cutting the coating ]na! cause a micro crack flax-
around lhe cut edge, n'here cracks propagaie into the coatlng,
therebl'making the adhesion test area r-ulnerabie to a differ
ent failure mechanism.

Certainll- rr e should seek to better understand the intended
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