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by Clifford K. Schoff, Schoff Associates”

Cptical {fight] microscopy s a porserful ald i defect and problem identification and
FiE cawse anatpsis. Thie eudhtor cosesidery 0 dhe bese siagle toal 0 fueblen solving. This
artiche deveribes the wain tipes of megnifiing devices wied tn the coaritegs indusiry, in-
chuding boter ghogmfication levses, swereormicnmscones, ad compound microscopes. Ir dis-
cusses vetlected avid arsmitzed Nghe microscopr and e of different kindy of Mumi
wilfon, particwlarly bright field and dark fald, I nastaues specific apliicationts, tnclnling
the exmtinalion of sofaces, ffers and other pardicles, cross sections, and Tiguids.
Ancillary equitaneni such as camanits, hoi and cold stages, ad eficdes (Teticles) are
thentiored. The (el word 6 that as usefud a3 The mrlorascope {5, uses should e carefid
in drawivy conclesions stricaly St wehrar ey see Yoo can be fooled!

INTRODUCTION

Couatings chemists, wohnologiats,
and service peaple tace many problems
in Lheir day-tn-day worh- defiects amd
dirt an Mreshly applied rinl, color that
iz mot the eomrect shade, Held failues,
and unezpected comresiow, Although |
am convineed Wat the most impaortant
problem-solving tools sGll are eyes and
minds, 1here ae Lmitations e what we
can see. We nemd o be able to exienl
our vision, That is where apteal [Light)
MIICTOSCOPY rores inte play.

bicroscopes and related devires co-
able us (o magnify and resolve whar we
are seeing. |8 thal speck of color o the
patt or panel rst, dint, or a pigment
particle? Is thal delect a aater or . pop?
Daes L onginare 0 the substrate,
primer, ar wpeoat? Has the parl been
[ainted move than ouce! It the pigiment
in the oif-color paint flocmlaed or
anly partially dispersed? What 15 1he
particle st of a pigment dispersion or
lated These and oiher gquestions can be
answered using oprical microscopy.
Light rmderosenpy does not nsgally pro.
vide chemical informanion [exceptinns
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heing the idenilication of fibers and
minerals), but it can he nsed we select
areas fom awalyiical techmigues such as
seray, FLIH, and 56801 meed 1o point
el that I am not a microscopist, hut a
paint chemisi who T used mico-
scopes in the definition and sobing ol
prablems fon M) years, T consider a light
iicroscope the most valuabile siogle
o] [ solving coatings prablems. In
additien, 1 firmly Believe thar all paint
cheeiists and techmologists should be-
come familiar with micrescopes and
ledrn how to use them. Morg infoeooa-
tom an micrescopes and microscopy
can be found in the litcralure™® and in
web siles on the Internet ¥

THE TOOLS

Low Magnification Devices

bamibang devices mange rom sim-
ple. inezpensive hawd lenses wo large
compound microscopes with video
cameras and image analysis software,
Lach has its place and each caa be very
usefinl. Taw power magnifying glasses

and hand lenses [2-10=) are highly
portalde and can he carried in a pocker
or briefrase {or use i the e, shop, or
plant. I often have used a 7= hand Iens
forr lookiuy, at surfare delects, feld tail-
ures, weeathering eltects, and conosion,
ITwever such devioes are Hmited in
their magnificudon and resedugon (oes.
vlnton or resnlving power Is the ability
T gee [wo pUINtS a8 separale points).
They are hedter than the naleed ey, bt
uod by muoch. ‘the nosd slep up is a
40—k shop mictosoop, a relatively
inexpengive (3300} device that can T
vy uselub in the field. [Tigler power
shop micrcscapes are availahle, ol ]
find them too difficull 1o loos, parricu-
larly im a lanl situatdon shere the ob:

Fiquee 1—Comrmoen Main Objective (TMO) fype
sisrenmicroscope.
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jects of interest may be moving. Besides
that, their poor resolution does not jus-
tify using a higher magnification, There
is no sense in magnifving an image that
is not sharp. In addition to low magni-
fication and poor resolution, low wug-
nification devices rarely allow dneu-
mentation of images. A shop miceaicope-
digital camera combination can I
rigged, but usually takes some ingen-
ious design and machine shop warle.
However, | have seen surprisingly good
pictures produced by such a set-up.

Stereomicroscopes

Most stereomicroscopes also are rrl-
atively low magnification instrulents
(roughly in the range of 2-100x), hut
high magnification is available.
Regardless of magnification, they give
much higher resolution than the de-
vices described in the previous szction.
Stereomicroscopes are very useful lor
the examination and documentation nf
surface defects, dirt, fibers and other
material trapped on filters, weathering
effects, etc. The images produced may
be all that is needed or may lead 107 [ur-
ther investigation with a higher power
optical microscope or other tech i |ues.
The original stereomicroscope design
(still in use) consists of two parallel
compound microscopes side by #ide
and often is called a Greenough mian-
scope named after its inventor. (i ey
looks through one microscope, the
other eye looks through the other, I the
instrument is adjusted properly, the -
viewer sees a three-dimensional inage.
A newer design is the common miain
objective (CMO) type (Figure 1), which
uses a single large objective lens. The
coatings industry and its customers use
both types, but the CMO instruniens
dominate in analytical and R&D Tabia-
tories. Although more expensive, the
high resolution of these microscapes
and the wide range of optical and light-
ing accessories available for them inake
them the choice for research and proh-
lem solving.

Older stereomicroscopes may haye:
one or more fixed sets of objectives, but
modern ones have zoom lenses will1
click stops or continuous adjustment
knobs. Photographs are taken through
one of the two eyepieces or a third,
trinocular, tube. Sample preparation is
minimal, although parts or panels may
be cut for easier handling,
Stereomicroscopes have long working
distances (the distance from the objec-
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Figure 2—(a) Adid etch an @ clearcoat; {h)—Same defect with palarized light.

tive lewy (o the specimend, Uy Lo 13 cm
with some instruments, Baended-
hedghit stands enable micrascepes to be
raised 13 allow examnination of large
spedmens. In addition, stunds with can-
tilever booms are available that ke 1t
possible foor the inicroscope to he sweing
oul over patts. Beeause af (hese acces-
sorivs, reladively builer parts and assem-
blies can be examinged. This is partiru-
Larly wseidul in a plant situation wlere
parts wll not be sacriticed and air up

W be examined, but will be sanded and
repainied,

Aswith all phsepealions, the ithmi-
naticn of the specimen is eritlcal, IE is
conmamon (v e sicde ghting with a
fibwr wptdc Yight source, panicularly at a
low angle, 1o benter see the topography
of a surface. MANY SleOILHCIOSCOHPEs
have inlernal coaial dighiing such deat
light passes (hiough the objective ta il-
luruinate the specimen, This light may
he polarized ntemally with another
[rmuvable] palarizer biing attached to
the olsjective. The light usially comes
trom above and iy reflected from the
spesclinenn. Howewer, some s{eeoiicro-
seopes also are wel up for wansmittad
ligl, If not, it is possible w g lighting
from underneath so as 1o loals at a dfilm,
filter, or nther specimen with transmit-
ek liglil, The movable polarizer at-
tached to the objeclive can be tinmed (o
change the polatizaticn af the lisl dhat
sirikes the specimen, Without this ahil-
ity, defects may be difftcull Lo see. par
ticularly an clears over basecoats, or il
muy be diffirult to decide whether the
defect is iu tie clear or the hasecoal,
Proper wse of 1the polarizer can prevent
o reduce reflecdon firom aluminuo
flakes and oihet pigments in basecoars
and allow the producttan of goed Lo
ages of the surfuces of clearcoats. Vigurs

2 shows images of add etch on an auto-
molive base/clear. Fignere 2a is shown
withau the peladzation olecl; Figure
2t is shown with poladzed lght, The
ek damage is very obviows in both im-
ages, bt 21y provees that the defect s on
the surface I addilion, 2b shows fox-
ture 1hat s not visible in 2a,

Compound {Conventional)
Microscope

bearlw all microscopes are com-
prand [have more than ane lens} these
days, bt the lenn compound mico-
seope temuds to T reseneed tor higher
[HFRGET, -5 LeTHTICTasCopes such as
the wne showen in Figreee 3. A compound
TMicrpscope s an instminent that can

Figure 3—A typical fransmitted light com-
pound microscope with a bright field con-
fenser?
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Figure 4—Dark field condenser arrangement.

/ Chjective Lens

praduce inages al high power { 100
10003 and at high resolulion, Many of
them hawe the ability to poladze the
light that striles the specimen. The illi-
mination can come from abave s that
the specimen is olwereed via light re-
flected from it or from helow {as in
Figure 3}, 50 thal the image is a resull ol
the light that iz tansmited through the
specimen, Tiglil passes fTom the speci-
men throusgh an objective lens and then
tor the eye lrough a second magnilring
lens called an acular ar evepiece. In fo-
cusing, (b wicroscope or stage 1x moved
up and dewen sitg coame and fine fo-
cus kuobs, Hearly all componiwd mico-
zcopes have mvolving turrets with thees
or [our objectives thal can be moved

inly pogition as needed. The eyepieces
usually gre 10 and 3 weedul sl of objec
gves 18 1w, 20w, 30 and 00w, o7 the
nomial megnilicaton, multiply the ob-
jective raagnification Ty thal of the eve-
piece, However, internal lenses, partici-
larhy those in canera conueclors,
comverters, can affect the mimber.

Eomponngd micrascopes ake avail-
able in a bewildering range of models
willi munerows wecessonies. Forunately,
MANY oomiponents and accessories can
b+ added on, so a relatively hasic instru-
ment ran be puahased and vpgraded
when needed. "The main initial chaices
are whelher w boy s inetallurgeal (re-
flected ight) microseope, a hiological
{transinitted light) micoscope, or one
that combines Bon capalbilities, T rec-
vmnend the third cheice because the
comhEnation ricroacope can losk at
just about anything—snrfaces, partiches,
Crogs seclils, wiet paints, latexes, etc

Fellereed light images are usetul in
the examination of coalings defects,
weathering effects, field failures, damage
froom imipracts and abrasion, fibers and
dirt particles, etc. 1Te wsial way 15 Lo
simply view e image reflected from
the surface. | loweser, Tighting and coo-
Lrast can be improved by using mmaodifica-
tioms such as dark field, plose contrase,
and] interference contrast Lo examipe
zine phasphate eovstaly on sieel are trans-
parent and essentially invisible nnder
narmal lighlng, but daik field and inter-
terence optics allow them 1o he seew.

Trangrmined 1Eht mictosoepy s well
knorwn as a technique tor studying hio-
logical specimens, lul alsa s useful for
the examination of paints, Tatexes, free

Milsess, andd fibers. The light source for
TanETisRicG R muToscopy nsoally is a
mmvlerate-to-high intensity Famp, but
the light must be focused via a lens be-
neath the stage called a condenser. Some
comcensers are fixed 0 posiiion, Dt
most can be raised or lowered 1o im-
prove the foais of the light In bright
field microscopy, the light is directed
through the specimen. Fartices inthe
speeimen Mock light, 50 they are dazk
and the lackpround [the feld} is Twighl,
A bright field candenser usually incudes
an aperiume diaphragom, a device Uial
contrels the Twipgliiess and comtrast by
adjusting the diameter of (he light beam
comming U hrough the condenser,
Uznally the hest posiion for a bright
ficld condenser & verv dlase o L slage,
The diaphragn iz adjusted to give a
Irrightl inage withont Tinding the ob
server. [nilia] exmmination often is dane
with a lower power olyjective [sach as
10 [or vasier foousing and an overall
view of the specirmen, and then a higher
Pt objectve is moved into place,

A lransinitied light mictasoope alse
can emplov a tpe of lluminaton called
Jark elil, which was hrielly e nlioned
before. 'l privduce the darls field effect,
light 14 blocked from passing direcdly
through the condenser by an apagie
disk in the certer (Figwe 4). This may be
deme with a special comdenser ar by
moditication of a conventional hright
field comdenser. With the cenler
blocked, light is directed toward the
edyes of the condenser and an inverted
hellow rane af light is focused anie the
specmen. Onby light that ix scattered by
the specinen can reach the eve The e
sult is that the hackgrouend or field is

Figure 5—Wrinkling.

Fiqure 6—fGassing from a plastic substrate.
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Fiqure 7—Fiber on the surface of a primer.

of fihers, pignents,

and other coystailioe
mialerials. It cuts dessn
on glare and bright re-
Dections o surfaces
and enables the wiewer
to s delecls mone
chearly,

ANCILLARY TOOLS

Cameras and Image
Analysis

It is weTy Lnportant
o be able to vecnrd

dark and 1wy particles show g as
bright white. Visibility s enhaneed T
the canrast between the Taiglit spedi-
men and the dark surroundings,
Tiyment particles alao wee brightly Vit
but the colar may not be acenrate. Dark
Lield microsoops is very usetil for Tnak-
ing Al pednes, latexes, and walerborne
resin dispersions, In dack field, pasitiao-
ing ol the condenser is mos critical
than in brighy Geld, howeweer, and i1
must be moved up and down to find the
hest imape, Focusing with dilole disper
sions sometines 15 Jilcob becmse
there i a0 Lttle material presend and be-
cause dust [rlicles on cover slips can
canse conbusion becanss Dwy resemble
Latex ar dispersion particles.

Polanzed Tight is o valuable addition
w connpound micnscopes. I geally
hetps the viewsr in Lhe identification

Figure 8—Lrater,

Wy coatingstech.ong
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MiCIsCopic inages for

futare reference, 10

show otlwers, and to in-
serl lule reports, presentations, and
ather docunents, Beeonds can be made
via photographs { Polarcid, conven-
tiomal film, o disital), videotapes, and
coarpuater tiles. [mage analysls suftware
can he nsedl w edit and upgrade Tmages,
count and sz particles gl make other
megsurements, such as film hickness,
as well a5 aiding i the archiving of the
LA,

Hot and Cold Stages

A number of devices for healing or
cooling specimens eing examined nn-
der the micosmope are avallable or can
b buill. Trepending on the cost and
cormplexity, temperate coutrol may be
Apraxinste O very exact. Liod siapes
are useful for measuring melting points
Al crvatalline raw materials and conlam-

~ Analytical Series

inanes, degradation temopevatares of -
terials, sto Wer coatrd coupons baked
ant a bt slage or very small T plate
provide o means 1o stmulate bakes and
eproduce detects o ather problerns
that owcnr duiiog o bake, A video cam-
era should be waed (o pecord the
prrgacess, Cowoling can be canploved to
towee crpstalbization or coagulatian, Jook
at the effect of freezing, el

Raticuiles

A reticule (also relicle), or evepicre
micrameler, i a clear glass inserl with a
seale or other lines ar shapes inscriled
o il The reticuie sits right 21 Lhe focal
plane inside the evepicoe lens of the i
croscope and allows the investigator to
male accurale ineasurerents 3 or
positioning of specimens, Detioiles
carne In rany vadeties and sizes, The
most comman Lype, bailt into one eve-
plece 00 Inost microscopes, ¥ a simple
cross line {crowshuir) amangement, The
HIOSL COTIMOT Megsyring retdoile is a
straight line scale, a niler o minianare.
Other trpes have syuare grids, concen-
vt cincles, or crcles of dillerent sizes
{usefml for siwing prgment and laws par-
Liclex), The distanoe elween any twn
marls an a scale reticule o the Jiame-
ter of a cudle depends vnly on the ab-
jertive. Releoles must be calilrated,
usually with a slage micometer, a mi-
croscepy 2lide that has wery srpall mavis
of Imoem dimensions inscribed on i,
The slide is viewed with Lhe microscape
and the (ree distance thoror noded [or
il 1eticule with the given objecrive.
1Mis sheuld be done for racly abjective

Fiqure 9—Cross section of the crater.

February 2015 32



Figurg 19—ress section of an automotive coating showing averspray
particles in the clearcoat,

Figure 11—Cipss section of a feur-tayer autometive coating on steal.

Linis and a sheet with the factors should
Laex posted where sers can see it A
crader, but less expensive method wse-
fulal leweer possers 1s W use a plastic
nuer some of which have accurale
sralis iy 0,3 rmun divisions.

SPECIFIC APPLICATIONS

Examination of Surfacas

When specinwens can be brought
into the lab, surface deferts and Geld
lailures should frst be examined and
documented with a sloweamicroscope
Caperience ix the best teacher, Tl 10 i3
wsefl] ta bepin the wanuination at low
pewer where fomsing s casy and a
faivly large drea can be seen. The imres-
tigator can then carefielly woam up 1w
higher poswers, Lighting angles and in-
tensities should be varied aml observa
tinms made with and without caawial
lighe and a podarizer 0 as o prodoce
the Beal images of the defece or proly-
lews, Fignres 5 and 6 show examples of
surface defroly as they are seen with 4
T CTLSCI
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Examination of
Frhars, Dirt, and
thher Particles

Occasionally, a
paricle inaran a
surface can be
entified diescily,
Faramples inchiede
wild halls, st
paricles, over-
spray, A deter-
nining whether
dinlis a Mberora
chunl: of materal,
elr, TIowewer in
ATy rascs, and
pardcularly if 4
more exact identi-
fication is desired,
e particle st
be remcsed [usu-
ally with a sharp-
ened needle and
twreezers) and ob-
seEvedl O Ly owi,
‘Through the use
of a polariving
micrscope, fikber
types can be iden-
tilieed waned comn-
pared to possible
sources of such

— conlaminalion,

such as tack

claths, wipe rggs, e, papsr products,
clothing, ete."- Figure 7 shows a fibker in
a priter Thiz Abwr is well covered by
paint, but many are not, and even cov-
eped fibers often can be seprarated from
the roaling. References 9 and 1) prowide
wsetul] information on the examination
and manipulation of deleels, partion-
larly dirt.

62 prn Clea
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Cross Sections

wWith same defecs and - —
problems, viewing ot the
sirface docs nal allow Jefi-
nidon of the problem. lor
exnample, cralering, solvel
popping, and gassing fram
substrales all can peoduace
wery similar hales in coat-
inygs, It 1s important to see
where 1he hale crrginates,
whether the hole iz at the
v ol 3 Dablale, e, This is
best done by oross-section-
ing the specinen, Inthe
simplest method, the part
o el 15 eal Al cesbil an-

gles L the suface, the cut face sanded
with finer and finer papsr untll the en
ter ol the defect is reached (a sterenmi-
croscepe 15 tgelul in keeping track of
where vou are). Dependivg on the s
atian, W edge may ot mav nol Twe ol
ished. For conlings an metal, the out-
tiny ix best done with o diamond saw,
and he samding und polishing with pa-
pers and claths on @ rotaling wheel
Flowever, in auter plants, | have cu
parts aned panels wille hacksaws aod
jesveler's saws and sanded the cul edge
ary sheels of sandpaper using a figure-
cight matica and pooduced adeguate
aoss sections, Painted plasic and paint
chips can be cul with a sharp lnife or
scissors and the edpe may nol weed fur-
ther teeatrnent Fainted wrod is casy 10
cut, bt also easy Lo durmage. Sanding
of edges must be done careiylly o
aeaid smearing of details such as inter-
faces hetween the raaiing aud the
wond, wheller a stain or other coating
has penetrarmd indo e wood, et
Sunple cross sections are viewed at
00— 2005 wills a compound micra-
scope, often with hoth coaxial lishing
aned side lighting or alternating them (o
finnd the Teest ivwape, Fare 8 shows a
cratet in an industiial coating thal
lanhs deep awd uply (and appears even
wirtse to the eve). Mgnre 9 provides a
crass-seclional view at the same magni-
fication and shows hal, unlike crater
diggramns in roany pahlicacions {includ-
ing ry awn), the sides of this crater
slope very gently and 1he craler is quile
ahallowy.

sdetallurgisis aml muwst micoscopists
conwider the curfsandfpolish owllued as
ey ertide for Liein use. They prefer to
embed specimens. This involvwes cotting
a sall coupon that incudes the defer
and placing the coupon ul reht angles

Figure 1T2—Walerborme resin dispersion after aging.,
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Figure 13--Bright field images of an electrodepasition paint: () initial fill, {h) Aocculabed, {c) badly flocoulated.
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om the bottom of a small csp, to which
iy acheded wn epony, polveslen ar acrylic
rasting compound. ' After cure, the
specimen, wow enbedded in bard las-
tic, s remersmd from the cupand the
face that was at the bottom of the oup is
satcled] and polished aniil B0 is very
smaath and m excellent image can he
wewrl Bl Lhee muicroscope, Tecaose U sur-
Fxce is smoath and everything is in the
game plane, images ame sharp even at
S0 o higher possers, Pmibedding is
necegsary for the obsersation ot metal
rmicreslouwcture and b abiain dw s
photagraphs, bat s ot needed for
many, i wol most, coaling applicalions,
O daws calse practice oo preprare good
speciimens and o wet good images with
the cutfsandrodish method, b T can
bz fast and effective, Mone of the cross
gsections discussed o this arlicle were
embedded.

In addifion to the analvsis of deteces,
crss seclioas aee el in e idenifi-
ration of ditt. When vewed from the
sinrlace, wiesl Licl i palnd looks like a
Tvump, nothing mare If the baomp is
crosg-gectioned, ten tie dinl i ancoe-
g, can e seen, and often can be
identified. Figure 10 shows basecoat
cverspray dropders thad had Tannd ther
WA ITIIO AT automotive clearcoat.

Cross-seclionioug, parlicularly of em-
hedded specimens, akso is 2 good, Tt
tediows, teehoigue lor measuring filn
thickness, 11 has heew used as a referes
method tor settling disputes between
paind prcsdiiers and users and inothe
evaluaticn and calibration of thickness
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ganges. Honeever, be aveare that resing
wesed L enibedding campounds can
swwell (raint films and chanpge the thick
neas. Film thickness by cooss-seclioning
Trag Premen cod ified inoac least ane ARTM
method, A% 1 5235, “MiToscopicad
Mesureruenl of By Film TTickness of
Cratings o Wood trodoots” Fieure 11
shoves 2 cross seclion thal was used w0
mcas e thickaesses of all fouwur Lorers of
an autoimetive coating, Adthowgh the
tap laver i purple inothe rchure, it actu-
allw is a clear coating. False colors are
o nusual iy icrescope images.

Examination of Free Films

Oceasionally, coarings [l can e
examimed Decatese 1hey have delami-
nated or could be stipped lrom a sub-
sirages 1T addition, [Fee
tilms can be made by draw
iy painl clowr ar spraving
cmta a difficult to adherve to
material such ax Tellont,
polveihelene or prapylens,
o7 a steel panel wrapped
witl Teadlar® [l Yree
filma often are brittle and
diffisnll 1o baaadle, Tt they
can he examined using
transmitted light, which
analiles he wiewer to evalu-
ate plgment dispersivn
quality and detect the pres-
ence of rrystalling compo-
nenls op cunlaningnts [po-
larized light] in the final
Ll Paint chips wad de-
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P
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i
@ \
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laminataed films can be cuv with a craif
knite or sdssors and viewed in oooss
SCCLIONS.

Microtoming

An Increasingly inportant lecbicue
is the hetizental ouing of coatings into
thin (5 24 pm} slices with a mice
terne This may e dane w allie 1he
use of ransmitted light for microscopic
vaanatian ol 2 paind i, (e separate
a toproat fiom a primen ot othendse
solale one Laver of Lw coating for ex-
aminalion or analysis. Microtoming is
absolutely necessary n the investizgation
ol companent migeation foam ane laver
tn another {as 0 the migration of a
ruelamine (oo a primer Lood basecodl
ar even a cearenat).

Figure 14— Dark figld image of blue automoetive hasacoat,
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Figure 15—Autemotive coating defect composed of a rbbon of cured paint on edge.
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Examination of Liguids

samy paint problems lead to ques-
tiens aboart the quality and suabilive o
the wel paiul, e pigment dispersion
that went inta it, or he wesin or latey
Tramsmilied light microscopy at
200-300= is an fxcellenl way to look ar
these liguids. A small drop of Tiguid 1s
plared on a clewn glass slide, and then
gently covered with o glass cover slip.
Dark Mgkl Mumination usuatly is a
good way for ohsening such spedmens
and 15 panticolatdy goad for moailoring
the stahility of paints, dspersions, and
latexes with heat or other aging, For ex-
armrle, i is vasy Lo see whether
Brownian mation [4 sipn ol a stable 1a-
les o dlspersion] continues fo exist oo
has stopped o whetlwer pliase separa-

Figure 16—"Creaturc® that fumed out te he
plastic,
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Mo is cecuening, A combination of
datk field imaging and phologaphy or
olher itnage archiving can he used 1o
folloae changes in parlicle size and note
mcreases in the degree of flocoulalion,
Fignire 12 showws g waterboane disper-
sion resin that has begun 1o coalesce
inte droplets. The micelles should be
the atze of 1he smalles) paricles e the
HChare.

Pigumenl dispersions often are hetter
wiewed with hrighi field iluninstion.
Figrre 13 shows the appearance with
hright Mield dlununation of twee difter-
ent tine periods in the 13fe of 4 wouble-
some eleclrodeposiion bath: (a) inital
till, {b) flocomtaticn after several weeks,
awel (o) severe Hocouladen after several
more weeks. The resien dispersion and
oiher components are essentially imvisi-
Tede, Tar L T pigmeent and its flocoalation
are easiby seen.

Flooding and floating, nik-up, ar
other eodon problenns viten lead to the
examination of the pigments inoa painl
ar paste, The vestigator vsually is
loaling for flocenlation andfor deler-
miing wlether the plpment was dis-
persed coompletely. Lnfloruwately, in
sorme multi-pigment grinds, hath prolx-
lems co-gsisl, e pipanent will be
over-dispersed to the paint of Meceula-
tioen, whereay ancther pigmment will be
tar trom completely disprersed, Ty 1
el @ ood sltuation. but at least the
wiewer Tias found oo sehay e problem
is, Fiywre 14 shows flocoalation ina
blue aurcamative hasecoal, Tl lunge
plate-like particles are alwminom
flalees. The Mabes are ol Qocenlated,
bt exhibit a considerable wariation in

size, possibly due to degradation dur-
ing drcwlation of the palol i e auto
[lant,

A& difficulty in looking at the qeeality
of a pigrent Jispeion either in a
painl or puste 1s that any highly e
syatem (tncluding wost pastes) will
look good because there iy so much pig-
mend januned together that na Noceula-
tion can be seen. The elbwvious solution
iy (o dilute the sample. | lowews, ([ aller
dilution von sew (hat the tesultonr dis-
persion is floconlated. vou do not know
whether iU was flocoslated inohe Tinst
Mace ot voul fusl Qocculated it when di-
luting it. Lilution mos Be doae very
carelully, ideally with the praste wehicle
ot a clear version al the paint

FINAL COMMENTS

Microscopwes are very usaful tonls for
the identificarion and solving of prob-
lems, bt the investigatar must always
be aware of Lhe possibilite of being
fooled by what is seen or iy thonght to
Pave leen seen. The great thealogis
and microscapisl, Loy Green, onoe
comnmented, “Some of the things Gal
ol see Uivder e microscope ane nat
artitacts.” 'loday, we have e udvantages
ol digilel cameras and image analysis
softsware, hut meistahes sull are possible
I ix not wise o tale o queick Tooak sl
jumnp e a canclusion. The matenal in
the defect in fimee 15 Tooks very much
Tike & lwer sud it weould he mase 10 cone-
chude that this was 2o, [lowever, the
“liber” was teased out af the Coaling and
it mrned fu o Le astip or ribban of
cured paint om edge. Ko, nslead of
searching [oar Gber sources, we Foaked {ur
gources of painl chips, Nukes, or dbbons
[wlielr eslten come from trads thal hold
parts o assembiies o In an aute plan,
lialdd the hoods and deck Tils open).

Fonce looked at peculiar parfiches
that were heing apped by a filterin a
pradrel plant. What | saw is showo
Pgure 16, | thoughl that they Inaloed
like little shrimp ar niher crealures, per-
haps diatars [non diatomaceons earch,
Howvwever, after several of the “credatures”
were examined by Scanning Fleciran
Micrnoscopy {S1MY aml IR microscopy, it
w3s clear that they were composed of
polyalefin plastic and appeared to be
lunlings or scrapings fram a beaiy on
a stitrer o disperser, So, be carefil whap
vou conclude from just ywoun obsena
tinns with g micesscope. You can be
loaled!
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