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Regional
Player
Perspective

he paint and coatings Indusiry

faces several critical issues today.

Consolidation, rising raw material

- and energy prices, and increasingly
stringent regulatory reuircinents

i impact the daily activities ol suppli-
ers and manufacturers, Orverall the

- goal remains tor provide high per-

. formance paints and coatings at an

~ affordable cost—in essence to meet
the needs of the end user, whether a
consumer ol protessional painting
contractor. Bemaining competitive
with the large national paint and
coatings manufacturers has become
a significant challenye fur smaller
regional producers over the rast
several years, The growing regula-
Wry pressires hinve become the pri-
mary concern of these plavers in the
paint and coatings marketplace.
wiorking clozely with regubators on
the one hand and customers on the
ather, as well ay invesiing in innova-
tive technologies, will be the kevs 1o
success, according to the companies
participating in this roundiable dis-

cussion, JCT CoswesTreH spoke:

wilh Authony M. Clepiel, president

of The Hlood Company; Jim
Capitano, vice president of manu-
[aclueing with Duron, Inc; and 'lim
Bosveld, wice president of marleting
foor Tunn Bdswards.

JCT: What would you identify as the
fup three most oritfeal issues
facing the paint and coatings
indtistiy over tha naxt five
years? Why do you cfassify
them as crifical, and what
impact will they have on the
industry?

Anthomy M, Ciepiel, Tlood: The
awunber one issue facing the indus-
ity i the need to creale low- YO
{volatile organic compound) paints
and coatings that do ol compro-
mise pedormance and can be eco-
nomically produced. [1 i easy to
creale Lo V0O fonmalations, Taa
noa easy to do 50 and maintain the
level of performance demanded by
the customer. It i3 yet another chal-
lenge: to do so al an eromomic price

Mwr Capitano, Duvor: For compa-
migs thal aperate in different geo-

by Cynthia Challener, ICT ComnesTeen, Contribuling Wriler
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Figure 8—This Bode plet shows Lhe likely ewars
in the measwred impedance for 3 given fre-
quency for a commercial potentiostal.
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the whole frequency range. This gives
the Tigh Mregquency dily an egoal weight
with low frequency dara.

baking EIS measurements at very
Righ orat verg Tow im pedanees, orul
very high frequendes, is a difficult task.
Al amy of hese exieemes you may be
akle to make the measurement, bt it
iy el e o meaninglul or weefal one
At bath wery high impedances amd a
wery low Iinpedances, you may be meas-
wring the characteristics ol waur cell
weometry, or of the winng, ot of your
ponenciostal, aned nal the characlerisiio
of vour coating or conrosion reaction.
Stany, o ned all, poleiiosiat man-
facturers will specify the impedance and
[regpueney Limiis (o waking elialle and
aceurate measurements that reflect 1he
s ple you we wying W stady. It is im-
portant tre he aware af the i, Mo
& shows how the emors in the imped-
ance depend an the frequency and an
the impedance. For example, consider
measuring a sample with a 10 olun jian-
pedance at 10 EHz (10 Hz). Although
the measurement mag be poessilble with
this potenticstat. Figure ¥ indicates that
the enens w111 b greater than 102 7 10%.
The ertors will be significantly greater
since Jw impedance! fregquency polal is
far from the dividing line.

OPEN LEAD CURVE

Fartunately, there is guick and simo-
ple waw to test the sensitiviey of an 71
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Analytical Series

Figure 9—The “Open Lead” curve far a commerdial potentiostat. Alsa shown i
the manufacturers astimation of the highest impadance that can be Measured

with & 1% eror of [ess.
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Figure 10—a fit to a more complicated model, The curve far the initial esti-

mates for the paameters {5 also shown,
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syslem. I determine the maxinmm im-
pedance that can be ineasured with a
particular I8 instnument, min an Els
curve with no cell avlached to the in
stiument, The referenee and couner
elecoode leads must be connected to-
werthien, T a “sengs ™ “working semse,” oo
“REZY lead is provided om vour poten-
Liostal, it must be connecled (o the
worldng electrode Tead. All of the cell
Leanls shauled be placed in 4 graunded
Faraday {age. Impedances higher than
e Open Leud impedale canmal ke
measured. The (Ipen Lead Curve of a
cormmercial polentioslal 1s shorn in
Figie 9. Ihe impedance at 10 kHz is
abuwut 10 kohm (107 abm), Therelare, al
100 k11, the highest sample impedance
that can be measured wil this insir-

ment is 10 ohon, Howeewer, (here will he
wubstantial eroor in the measurement. At
N1 Nz, this insioament can mneastre, al
mwst, 1042 ohm. Lo be sure that the
meastired irnpedance lias less than a
few percent errot i the magnitude, ar
Tess tham a lew dejrews emor W phsse,
the impedance must be 20w 100 thnes
leawer thian U limils estimated from
this “Open Lead” experiment. AT 0.1

Ie, i, the maxbmum impedance thal
ran be measered with acceptable accu-
racy is L0Y- 10T ohm.

A similar sstimation of the limis of
ereur al by impedances can also be
made. In this case, all of the potendo-
slal leads are pomninally shorted (o-
gether. ITis is not a8 casy an experiment
(o <l Furlumately, sub-obim imped-
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ances will not b encouniered in the
caglityes laboratory, and details of thal
experitnent will mog e covered here

DATA ANALYSIS AND
INTERPRETATION

Crmce data has been cullecled, the
Nzl slep is W analyze the results,
Sewveral methonds can e used. Some of
Uiese will be descdbed in Part 2 of this
series. Some of the analysis technigues
rely tpon the measuremen) of the -
pedance ar phase angle at a single fre-
guency. These can he sed s 8 or
034 selling, bol only atter there is »
deeper understanding of the actial
maode ol couting degradation ar failure,

I is temupling to say that yoa shanldd
explain vour impedance Jala basecd
dpon 4 physic-chantcal model derived
fromn first principles, Allbwugh this
makes aw excellent teatise, few al us
have the Tuxuny of Wme w complete
this Lask.

A more commonly applied appraach
is to create an eguivalent ciroit model.
This approach makes the anabopy T
tween the processes o the electrachemi-
cal cell and electical cbrowil conmpas-
nents such as peslslors and capacitors.
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A computenzed eloctrochomishoy Istudient aith
an flectrochemical Tmpedasce Spactrssopy plat,
The actual electrochomical shinent 15 draped
arer Hhe keyhoard.

This i5 & wery uselul wechmigue, but mst
Tz appbied with some caution. It is not
sutticient to create d medclel thad Qs
wour 15 data without atso showing the
relationship between the ciroait ele-
Lirenils wau hase used inowour cireuin
model, mnd physical or chemical-
processes Ll cecur in yolr coating,
rAost of the models hegin with
Handles cetl than wa Lave discossed. A
ranlinear Teast squares technigqune is
generally wsed to detenmine the values
ol the circoit lemenes [resisions and ca-
pacitors) that best fit the EIS data taken
ol w coaling, Tecause the mathemat-
irs hecomes complicated when even
two or thres circuil elemenls are osed,
the optimum walues generafly cannot be
conmmpirted anatylically or in closed
learm, An iterarve approach is nsed. T
begins with a rough extinate for the de-
cUil element parameters and then re-
fines that guess il the best hit is ob-
Galied [Se¢ Meura 0] FiNng programs
are available from several souarces.
Nearly all require 1han the user select a
suitable miodel and provide the fivst
smess of U Clrcuil parameler values, A
lihrary of models is generally availahle,
along with the capalility vl desiging
o e madel . Lhe vesistor and ca-
padtor discussed o s arlicle are only

the tip of the iceherp. Many ol spe-
cial purpose crenit elements have heer
invented by the clecirocheinist w inodel
alhier processes. Bramples ane diffusion
[the Warlwimgi impedance], or a chemi
val reaction that precedes the elecion
transler (e Cerischer impedance).

SUMMARY

15 15w general purpose electrochem-
ical technique applicalse (o victwally all
areas ol electrochemisny. In this article,
we have cowercd (he Dasics ol electto
chemical impedance spectroscopy: 1he
thenry Trehing e mueasuremnents, the
equipment and celbs required for
paired samples, how o use them, and
an introcdaction o equivalenl cireull
meleling of the collerted data.

The next artce n the series will fo-
cus on the phesical descripiion ol 4
cortinge o a metal surface, bow thar ne-
lares to cireuic elements foc daa fniug,
Lthe experimental pitfalls, and, finally,
analysis af the dillerent stages of coat
imgs degradation. In the final ariche, we
will discuss lwow coatings scientists use
the various merhads availalile wesel an
undersiding of failures modes of
COHITITIES.
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