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Mechanical Surface Characterization:
A Promising Procedure to Screen Organic

Coatings
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INTRODUCTION

ombinalorial approaches have been used for over

‘ a decade now in pharmaceatical R&D to sereen
large numbers of compositions and formuolations.

In recend vears, demands for coatings wilh loweer eovi-
ronmenlal impacl and retained or improved peclorm-
ance [lave awakened greater interest in the issue of
1mp1‘uw‘d dt"i.- E"I(‘.I}'Jm("l'lt FII"(‘.II._L".'.I'I.]TL‘ [ﬂ 'I"C"plﬂﬂ" vx1=-tmsg;
high-performance formulations, improved resin knowl-
edge is required, which can only be accomplished by
mtroducing more efficdent ways to synthestze, Blend,
apply, and cvaluate resing compositions. For obvious
reasons, he concepl of high-throughput screening has
been ﬁnen extensive attention in the field of coatings
R4 though it = «tili Hittle practiced 2= Applied to
coating development, a desirable setup would include
instrumenlal lechiniques that are adaptable lo automa-
tion and feasible for the production and screening of
Tanges of Tesin compositions on a mitligram scale. bov
decovaliwe  coatings, the appearance is  cssential.
Conscquenlly, mechanical properlies prescrving the
appearance are important. Nanocontact fechnigues thal
are also promising for the amtrolled screening of
mcchanical performance on a microscale have recontly
become available and {ound use in many applicalions.™
Comtact tests are parficalarly suitable n the coating
iudustry, wingo surface propertics arc af primary oon-
cern, The relalionship belween bulk properlics and sur-

face properties Is poordy wnderstood, The occurrence of

stratification, e, a gradient difference between bulk
and surtacy proportics, appears o be anissuc n coating
film layers, Commonly ulilized [esls measuring poly-
mer bulk properties, such as tensile tests, are less appro-
priate it costings stratify (%

The objective of this prelivinary sludy was to ovalu-
ale nanolesling lechniques applied 1o polyiner coatings
ard their feasibility for combinatovial development and
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1
T'EUU ihuctile conting wa-
| terials were subjected to a
ranbiited indentation amd
scrafoh fest procedure de-
stgned to screen a predeter-
mined pattern of wmany
sinall sawple surfaces in a

;xm.lfed time. The screening of 50 surface spols
ardered in a murtyix patiers on the surface uws
carricd out in 4.5 hr. The test provides repro-
ducible dafu in terms of mdentation mrodulus,
elastic recovery, scratch peretvation depth, aud
scrateh vesidual depth, and also offers the possi-
nitity of detecting eritical mechanical transitions
such as ruptire. The presented procedure pro-
duces sufficient data in g limited time scafe fo
fulfill the requirements for g fast method fo
SCHeeR copting compositions,

usc. Within this objective, the main priorily was Lo put
up a procedure thal would be sufficiently accurate to
rank miaterials in terms of mechanical performance. For
this reasmn, finding appropriate cmtact parameters,
which describe moechanical porformance to such extonk
thal compesittons can be ranked. is highly desirable.
The intention was to mechanically screen microscopic
spots distributed in g mnatrix pattern on a macreseop-
colly well-defined surface. in the prosented study, naal-
liple tests were carried out in a predefermined pattern
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um uniform and homogeneous suwelaces of a single com-
pusition. A microcomtact test device, which provides
bath indenkation and r:;(tratn‘]'ling, wog selecled for this
purpose, The ulilized procedure resembles high-
throughput sereening conditions where various materi-
als, synthesized in a combinatorial procedure, are
blended and deposited. on a single surface and sub-
jected o individieal lesling (Figmre 1),

Focus was on the accuracy and reprodudbility of the
lest procedure and the possibility to achieve acceptable
resulls with a reduced number of tests and time, The
aecuracy issue concerns instrumenlal capabilities: he
use of progressive Toad tests and, in parlicular, the pre-
codure of profiling the surface with the same peometry
that s wlilized lo impose the surtace deformallons.
Instrumental reproducibility is required. ko abtain sulil-
cient information about the nature of malerial Tespomsge
with a minimum number of besks.

EXPERIMENTAL

Materlais and Sample Preparation

A solvenlborne isocyanate coil coating and a fexible
powder coaling, weee applicd and cured on galvanized
steel substrates and subjected o mechamical testing,

Tabka 1—Cata of ke Shudled Coalings

Both coalings had been charactorized by stundard coil
coating tests, such as T-bend and deep-drawing tests,
and were comsidered as ductile materials, The samples
had been stored prior to testing at 23°C and 30% BH for
260 davs, Table 1.

Tree- -standing {ilms of the top lavers of vach material
had previously been characterized mechanically by
quasi-slalic and dynamical uniaxial testing " Parameters
describing the mechanical and viscoelastic behavior arve
given in Tible 2. Bach parameter value corvesponds to an
average of ab least six test Tesults.

Malerial A cxhibibs higher stiffness, hq__'hm stremyzthy,
and higher resistance Lo yield, bul Malerial B is superior
n ductility intermns of enecgy to vield and elongation to
broals, Accmrfhntr ki the: ﬂmmdﬂabh bower glass transi-
tion temperalure for Material B, this malcrial can be
assumned to behave with more viscoelasticity than
Material A (at room temperature).

Instrumentation

The instrument vaed was a C8M Nano-Scralch
Tester™ (NST) with a stamdard force cantilever suitable
for forces between 10 uN and 100 b, The NST device
shares a high-resolution x-y-lranslation {able with a
11'|_11::1':::*-.0{m'-f head. The tested sample surfaces were pro-
[iled using the test contact geometry (scratch indentor),
The indentor position during prescan, a loaded scratch-
sean, and p::qtamn measured the penetration and resid-
wal depths, Figure 20 Tlence, initial contact conditions in
terms of load ;md penetration can be correlated to the
residual deformation al the sanc position,

The instrument translation table was equipped with
a [riclion stage thus offering, in addition to indenlor
position and normal lead data, frickion foroe measte-
ments. Additional surface imaging of the residunl defuor-
mation was carried out with Optical Microscopy (O
and Atomic Force Mictoscopy (AFM) Both were
mounted onlo the same microscopy head on the NST
frame. The test setup is described in detail elsewhere

Procedura

The nano lesting was performed both in scratching
and in indenlalion mode using the same contact geom-
etry. The combined use o[ boll lesl modes is desirable o
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load lests o cxamine the material
response over a tange of loads, in
accordance  with the concept of
scratch mapping.™>'" The progres-
T/ sive load test data give infirmation
about scratch hardness, plasticity,
defermation (work) hardening, and
subslrale-coaling  interactions. In
W -I“"*'-'-‘""*' addition, the initation of a mechani-
SO cal rupture transition with increased
foad Is believed lo relate to the

fatigue toughoess of the material.

The mdentalions were arranged in
five lines, each with 10 indentations,

/

uen g & S Lo S1gll

deformation, andg interzretation of Hha resuits,

| Fgure 2—Owvendaw of e procedure of a prograssive load. fast
determinotion of e magnitudes: of immediafe and residual

spaced 200 um between lines and
indentation points, The 5 scralches
were spaced by 200 pun. The indentor
was not cleaned or separately treated

produce & complele piclure of the mechanical response
of an arbitrary material. The indentation node provides
a direct value of stitfness {assuming the Poisson’s ratio
is constant and cqual for the range of tested materials).
Indendalicn lesling also gives satisfactory information
umn elastic and plastic respomse. 2 Rupturr.- transitions
and failure modes can only be studied through scratch
lesling,* 1= A Rockwell-geomelry wilh 207-cone angle
and 2 umi-tip radius was used for both indentation and
wiTate |'| t:-'*-atmi_, The indentation tests wera PE"I'TUTTI‘IE'd T
an indentation depth of 1 jun usine a loading /unload-
ing rate of 5 mMN/ min. Poisson’s ratio was assumed lo
Le comstant and 0.3 for both materials, which, in sen-
cral, is a teasonable assumption for polymoers in their
glassy slale. The scralch lesls were performed over a
seratch lengfh of 100 pum at seratch speeds between 118
™y min ke rnm-"rrnn A progressive load test proce-
dure was utilized. Inital contact condibions in terms
of posilional values of load and penelralion can, over
the whole serateh length, be corvelated to the residual
deformation at the same }'J{'.ﬁ.mm'i Henoe, o =-51ng]t-_~ pro-
gressive load test can roplace the use of many constant

to avedd comtamimation botween the
individual conlact tests during e screening of lest
spots. The tests were carried out at 21°C and 40% RTL.

RESULTS AND DISCUSSION

Screening Indentation Tesiing

I mnanioy Tesr Rioiasoiny ano Rieropocisinay: A
typical indertation test curve obtained finr a conical
inderntor om a viscoelastic surface is shown in Fiingre 3a.
This= is the 17th test on Material A in a scries of 50 Lesls
simulating screening conditions, The presented stiffness
values were caleulated using the initial slope of the
unlpading carve and an eshmate of the contact aten
Fased on indentor and displacement dala, The slillness
estimalion for & mulliple tesi of 50 indentations distrib-
uted over a single-material surface is shown in Figure 3b
for Waterial A and Matetial B.

Excluding the [ive [irsl tesis {encircled data in Figire
A and Figiure da-b)in the ficst line of 10 indentations on
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Material B and the 2151 lest, regarded as poninstrumen-
tal artifacts and probably dJue to a local swface hetero-
geneily, the overall reproducibility was high,

CORRELATION BETWEEN INDERTALION RLSPONSE AL
TENSNF PAaRaMETERS: |The indentation stiffnoss ot
Malerial & agreed woell with the measured tensile mod-
ulus, Apparenily, Material B can be considered a hetero-
weneous laver concerning the different material ranking
m stitfness with respect ke the tensile test on [ree-skand-
ing [lms. Malcrial B has a stiffer and more elasiic sur-
face compared to the bulk of lhe very seme material.
Similar observations have been reporgled recontly in lit-
erature for other aosslinked polyvorethanes" "1 This
obscrvation illustrates the ditficultes in corpelating
intrinsic bulk properlies Lo surface porformance for this
family of matedials. In addition, il scrves as o good
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example for the necessily of using conlact tests ko pre-
dict commem wear in crosshinked coatings, Addibonal
dala en indentation hardness and degree of (immedi-
ate} elaslic recovery is prosenbed in Sigure 4. Individual
test results do nod deviale (from the mean value) signif-
icantly enough ts have impact on comparisons befween
lhe malcrials.

EFFECT 0F LTEsT Pamanieiins oy INUENTATION KE-
SPONSF: The time for the indentation part of the scroen-
ing tesl, including S indenkations in the predetermined
test pattern, was wee hours, The same surfaces were
subjected to a multiple lesl al a slower loading rate, 2
ml S min, to the sume dep’rh, 1 po In Lhis lest, as
expecled, the shape of the test curves was different due
to viscoelaslic croop and, comscequently, different mean
values were obtained [or bolh malerials due o their
individual viseoelastic response. The individual ronk-
ing in sliffness was changed as the low T -coaling
Material B exhibited a response with a drafmatically
redured stiffness and hardness, 0.87 GPa and 300 KT,
respoctively. Material A remained glassy with stiffness
valucs (also difficult to estimate due to extensive croop)
above 3 CGPPa and somewhat decreased hardness to
approximately 240 MPa. These observations suggest
that rapid indentation lesling {15 m S i) presents an
additional advantage if compared to the use of a slowoer
load rate (2 m™N/min} besides the time aspect: the cllect
of viscoelastic cocop is reduced.

Scresning Scratch Testing

The second tost type in this work concerns progres-
sive load scralching. A typiral test curve from a scealeh
test on Material B is showmn in Cigee 5. Interpretation of
test data is explained in Fignre 2,

USE O0F SCRATCH INDENTOR T PROFILE SaprLl SC k-
FACFs: The reliability and acenracy of the procediue 1o
analyze the residual surface tupﬂgrapﬁy with the
scratch indentor was first investigated on ditferent coat-
ings to confirm its walidily, Would this procedure result



in greal undereslimation of the residual deformalion?
To overcome this uncertainly, progressive load tests
were perfurmed on five difterend duclile coatings,
(Figures 6-8). These formulations have been described
elsewhere’ and are, for the sake of simphicity, denoted
as Muterial AL Ajniee Bresr Pandier a08 B
Material A 4., and Matevial B . correspond Lo Material
A and B bul were slored for loss fime (Material A ..
and B,,,,, were stored for 70 davs and Matorial A and B
wore stured for 260 days) which changed these materi-
als significantly, With time both coatings became more
brittle, they gained slrenglh and, conscquently, gdmed
higher tesistance to cupture, ie., higher L . and
increased penetration resistance® Material A gy
B, i and By, are the white- and black-pigmented
countevparts to the cearcoats. The TIO_-pigmented
coating forroulations of Material A and B contained
roughly the same amount of pigmentation (PYC, = 26%
and PVC; = 33%), while lhe carbon black- ]:'Jlg‘mt‘ﬁfed
mr'mulahnn of Material B contained only 5.6%. [he
residual scratch ditch was estimuted first by perfarming
a postsean with the indentor geometry, emd then CALEY-
ing out in-situ sucface imaging with the AFPM-obje tive.
The residual data, diR), were compared wilh 2D data
from ATFM, df Dﬂd‘r}, for the clear coatings (Figure 5), and
for the pigmented coalings (Figue 7).

Obviously, the determinalion of the ditch by indentore
profiling was suffidently accurate for the sludied duc-
tile coalings. Thus, using the indentor to profile the sw-
face can be considered a reliable method to determine
the depth magnitude of the dilch. However, there was a
considerable plastic build-up i all the studied svstems
that this eslimale failed to determine. The height of (he
piles was nbserved, for loads less than the rupture tran-
sition, ty be roughly the same as the depth of the ditch.
This issue is significant for ductile polymers bul can be
disregarded [or more brittle/ glassy polymers in which
pile formations at the scralch boundarics are negligible
features in the residual deformation patlern.

LisE aND INTERPRE ExLLON OF FIICTION Thata: Additional
information concenming the type of response is given by
comparing the cvolition of fction coefticient {the ratio
between Lhe normal load and the tangential force) for
the materials.! The tangenlial [orce is govemed by the
stiffnoss of the material and the amotad of plastic build-
up in the front cdge of the scratching geometry, Le., the
plastic contribulion o the total imposed deformaion.
However, surface friclion and scratch rosponse are
interrelated. Generally, an increase of the coefficient of
{riclion causes the location of the plastic cone Lo shift
toward the surface™# pesulbing in a larger amount of
plastic flow on the surface. Conscquently, at compara-
tive penetrativm depths and condilions where ne rup-
lure ovenks are present, @ soratel tesponse Involving
higher [riclion can be interpreted as generaling more
plastic pile build-up al the bowndaries of the contacl.
Such respomse is therefore assoctaled with a2 muterial
with predominantly plastic defocmalion. This hypothe-
sis was ovalnated in the tests shown in Figure 6
Tiriclional dala and surface imaging data (ATM) [or
these tests are shown in Figwre 3, Frickional duta in the
progressive load tests were compared with penetration
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dala {reprosented by a comtinuous line) and estimations
of effective cantact depth data {ropresented by markers)
in Fiyure B The effective conlacl depth was estimated by
Proff_[mg the residual sorateh {with ATAD and pLDJE'Cll.l‘lh
the conlacl geometry betwesn the pile-up peaks /00
Material B, exhibiled higher ricBon cocfficient com-
parcd to Materal A, thus was expected o deform
with morc plastic build-up. TTenwever, neither the esti-
mated effeclive conlact depth data, Figure 8 nor the
total residual deformation deplh data, atfeal fo valfey)
in Figrre 4, suppLTts thiz interpretation. The prolﬂblc
explanation is that a considerable amount of build-up
and ditch supparl on e front edge is due b viscoelas-
tic deformation that recovers wilh (ime [o a arcat extent.
The location of glass transition close to goom Llompera-
ture {for Malerial Baa,, comsolidates this explanation. In
comclusion, the experiments presented here do not sup-
putt the use of frictional dala solely lo rank the dogres
ol plastc response.

SCRATCH TesT RELiaBiiny AND REPRODUCIBILITY: | he
screening progressive load tesls n Figure 3 were por-
formed at 0.2 v Smin serateh speed and a load rale of
3 i/ min ulilizing the same indentor gt-'umetn The
scrateh length was, as depicled in Figree 5, omly 100 um
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to fulBll the dimensional restrictions in a screening tost
where carc has to be taken t avoid heterogeneity on e
boundaries of lhe deposited samples, This is the fifih
test of the total 50 serateh lests carried out on Lhis sam-
ple surface of Material B. Neither lest data nor AFM-
imaging showed any presence of roptuee cvents for this
test range of loads. This observation alse holds for
Material A, An estimate of the elastic recovery can be
oblained for a certain load by subtracling the residual
depth, dfR), of the saratch ditch from the penetration
depth, diP). Figure 9 shows the results for 2 mN and 4
mN normal load, Tespectivelys 0 a screeming lesl with
5 individual progressive sorateh tests carried oud o
different spels on Material B. Apparently, compating,
the serateh response al 1 pm penctration depth {at a
load of 3 mN} with the response in the indentation fost
al the same depth, Figure 4b and Figtue 9, the elastic
Tecovery is 30% lower if the indentor geomotry in slid-
g forward.

The 50 scratch tests took {heee howrs, the same
amount of time as the indentation tests. Good repro-
ducibility of the sludied parameters (penetration
deplh, residual depth, and elaslicily) was obtained. The
reproducibility and standard deviation was of the same
order of magnitude (or better) as observed for corre-
sponding parameters In lraditional lensile lests of froe
ceating {ilms (stiffmess, elasticily, and stress-slrain-rela-
Honship). Testing on the surface of Material B showed
again proof of local helerogencity or instrumental
instability {encirclod data, Figrre 93, which illustrates a
risk with contael testhng om a nanoscale. Posilively. the
evolution and shape of lhe lest data curves accounting
for these divergent results (nol shown here) very
chearly indicated lhat the tespunse was nol reprosent-
ing a comstitutive respansc of a homogenons viscoelas-
tic surface [which is a prerequisite n comtact tesling).
Thus, it is simple to avoid taking such dala into account
in further analysis. The last romark alzo holds for twao
of the lotal six divergenl indentation duts shown in
Fignre 4 {lesls 4 and 217,

EFFrcT OF TEST PARAMETFRS ON SCRaTCL RESFOWSE:
The sclection of soratching seometry is an issue that has
been subjecled to comprehensive sludy.-** In short.
blunt contact geometrics cortespond to small contacl
slrains while o .fsharper conkact, 1.e, ncreased attack
angle belween indentor and adjacent material on the
fromt edge, involves increased contacl sirams. T order
lo improve the possibility of induang failure responses
in ductile matetials (thus providing more information
om the malerial behavior) and reduce the seresning test
time, a sharper scometry was utilized: a 60 cone wilh
a d pm tip radius, and the trunslation spoed  was
increased 0% to 1 mm/ min, Increasing the load rate
from 5 mN/min to 133 mN/min and increasing the
serateh levgth from 100 pm to 200 pm (the scratches
still futfill the dimensional requirements of the screen-
g lesl), resubted in an inercased load range {from &
mi to 30N Hereby, 30 tests could be carried oul in
less than 1.5 he The sesulting responze (or Material B
subjected B this test Is shown in Figure 10, where data
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from a slower fest at 02 om fmin with a Blunter cone
(907} in the load range 0-3 mIN also is included for com-
parison. A [allure respouse at 3 mN normal load was
detected in terms of rapid change in tesl dala (penetra-
tion depth, residual depth, and friction furce). Oplical
microscopy (300x magnificalion) confirmed the above
interpretation of @ mechanical teansition (Figure 10).
lhe owerall characteristics of the rupfure, such as
smooth and continuous borders, suggested a dudtile
failure, This transition, denoted by a crilical load, 1, is
frequently suggested as o key parameter of malcrial
perfermanse, since it is often accompanicd by a marked
increase in visibility of the residual damage pattemn for
glassy polymers.t7

The reproducibility of the Joad, penctration depth,
ard tesidual depth in this lesi is good, in fact bekter,
than the previvesly described test perforined at slower
speed with a blhunter tip (Fiyure Tla), Positively, no
divergent dala were found for this scl of tost parame-
ters. More surprisingly, the detection of a crilical load,
L, from test data, for which a transition from plastic
gesponse Lo failure response occurred, showed little
variation (Figurs T1h).

CORRELATION BETWEEN SCRATCH REespONSLE AND
TCNSHE PARAMFTFRS: e effective strain is supposed to
be proporlional o the scmicone angle for a conical
geometry, thus, the strain can be considered approxi-
mately constant, independent of depth, at depihs
deeper than the height of the tip, assuming the absence
of substrate influsnce (no change in sliess state)
| lenee, the oritical loads would be directly relaled Lo
the steength of a material. ‘| he presented test data,
Frgure b, ranked Malerial A as somewhat more resist-
ant and cohesive than Material B in terms of L, which
15 M agreement with tensile data, Peveteation depih
can, under cortain crcwmstancos, be used 8s g qua]ita—
tive inverse measurc of stillness.?** Penetration depth
i#, however, a more sensifive measure for low modalus
materials. In short, the test ranked Saterial A as somc-
whal sliffcr, i.c, more penetration tesistant, and move
resistant to cohesive [ailure {corresponding ke higher
stremgth in tensile testing). The individual ranking of
ther fiwg materials n terms of penettation resistance
holds [or the whole range of loads mot shawn). These
tindings are in agreement with the uniaxial lensile data
[feadle 23,

MICROSCOFIC ANAIYSIS OF FATLURE PaTTerm: A
slighlly more comprehensive (and time comsuming}
proceduse involves a further evalualion siep in terms of
an uptical inspection of the characteristics of lhe resid-
val deformation patkern, in particular the shape of e
ruplures at Jloads above L. When the progressive
scralch test was used (o scralch various types of amor-
phous ovganic materials,™ ranging from rubbery and
ductile thermesets to glassy thermosets, the residual
scratches fat loads abosne I yrevealed a few characteris-
lic fealures, which are summartzed in Digure 12, Flenoe,
4 brief survey of the present ruptures al loads above I
can provide additiomal information that facilitales the
classification of material responses.

Mechanical Surface Charocrerization

Validity of the Presented Test Procedura

The necessily of combining indentation lesls wilh
seratch tests to obtain a more comgplete pictuve of the
cnd-properticy of materials has been dealt with by
Briscoe.'? The usc of a nanocontact device minimizes
the influence from substrale on the coating respoise,™
Eurt]wrmum, the test apparatus and comtact a.-:pt-ﬂ'it}-'
utilized here produces deformnations that resemble real
wear such as the charaderislic mar damage observed on
automnobiles. Comsequently, this test procedure prio-
vides dala that describe both goneral mechanical por-
formance and a critical coaling  properly, mar
resistance, and, thus, complies with the demands in a
variely of coating applicativms on a primary screeming
method,

Tha use of indentabon tests in a SCTERTINE test proce-
dure has been demonstrated in this paper. Geoneral
puidelines and limitations concerning nancindentation
bests om viscoelastic matetials have been treated elne
where™* The presented indentation data show the sig-
vificanee of indenlalion raie and (he error involved in
testing heterogeneous surfaces. The use of scratch tests
in a screening fest procedure presents a slightly more
complicaled casc. The presented 1esults clearly illus-
trate the fmportance of taking exiensive cate in opprtitnie-
ingr the fest parameters, Lo, soratch length, load rate,
and scralch speed, to obtain the greatest possible load
range in respect lo lhe available suriace lesl area.
Increased load range improves the probubility of detect-
ing merchamical tramsiticns and, thus, of obtaining addi-
tional informalion. As residual depth and rupture have
been reported to correlate well with the visibility of
seratches for a range of pulymera and Lnatings,” the
screening scratch test procedure prosentsd here pro-
vides sudficlent data lo rank mosi malerials wilh respect
to serateh resistance. Flowever, for extremely ductile
polymers the plastic pile-up plays a significant role for
Lhe visibilily with the consequence Faat this procedure
will be less accurate, To dislinguish belween glassy and

-
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patent for offerent fwoes of mechanical
resronsss (s aee friom obova).

ductile Tespornse, a correct analysis of the indentin pro-
filing daia and the {riclion daia {from the scoconing test
plays a key role.’ Size and shape of the pile-up is prefer-
ably measured with surface imaging tec I‘I‘J‘IiLluE"-S stch as
O, AR, and interferemeler lechniques. In the tests
presented, no precadlion was laken concerning inden-
ior ip contamination. An efticient way to avoid this
souToe of etrons i3 b pﬂrfﬂrm a separate indent in a sue-
tace with moechamdcal or chemical cleaning effect
belwieen cach condacl test,

In conclusion, the tests carried out, incduding the
results presented sbove, hold mechanical nanoconlact
teAting as @ very promising ol For SCTUCTINE TANZES of
surfacey ina limited Hme.

CONCLUSIONS

Coating materials wore subjecled lo a combined inden-
tation and scralch lesl procedure designed lo screen a
predeloymined matrix pattern of many small sample
surfaces in a limited time. The use of 2 combination of
sharper contact geomebry, increased load Ttate, and
increased translabion sprecd cobhanced the ootoome of
e scrateh test in terms of distinel ruptyre b AELtioT
angd relained reproducibility. The screening of 5 sutface
spots was carried out in three hours for indentabon test-
ing and one and one-half howrs for scratch testing. The
combined lest provides reproducible data in terms of
indenlation maodulus, elastic Tocovery, scratch penetra-

26 Iournal of Caatings Technalogy

Hom dopth, and scratch residual depth, and makes it
passible 1o delermine crilical mechanical Lransitions
such as rupture. The presented procedure produces sul-
ficdent data in Emited time to fulfill the requirements for
a fast method o screen coating composilions,
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