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the world 1o provide long-term cor-
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The protecove propercies of MIC
derive from ils flake-like particle
structure and cliemical inertness. For
optimum  perfermance, the particle
sizes range and Make thickness are
MICH
noprowiding maximum

critical. The effectiveness ol
PPEEIMENLS
durahiloy hias been established by
several aurhonties and has been
wee|| documeisted

Conventional MICH paings based on
drying ol media continue (0 give
excellent servive, bul more ad-
vaneced coatings are nesw availahle
to cope withe the increasingly de-
manding recurements of modern in-
dustry, These days, MICr s 0 valu
able ingrechent in high pedormance
comtlings Pased on mucsclitico alkyeds,
phenolic resing, acrvlics, vinyl
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Pavii-patck PRy resins,  moisiure-
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direct application to metal sw
faces 4.5.7-10 L2 15,16

Most indusirial Fecilities i Aus-
ralian are close o thie coast, andd sl
structures -.||'ll.| cyuipment e ux-
posed 1o severe conditions incloding
maring, heavy industoal, light indos
rrial, and chemical envirommenss n
acldition, uliravicler hghe iy conoen
rrations are very high, atscking al-
most all kinds of awgume coatings.
MIC-pigmented paints have been
wiclely wsedd in Auseralin [or sevenl
decades with ourstanding perfor
mainee in ol existing severe condi-

tions, imclucling jero piles capuosed

o s cnvironmenis, 10010
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chased Tor the repainting of the
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lathy revsed anel mal cadffic, s been
prroected woarly MIC-pigmenied coat
ings since i was buile 1221310
Althoel MG has been
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medium, the ability to withstand se-
vere weathering for extremely long
periods is 2 unigue feature of MIO-
pigmented coatings. In addition, ex-
tensive accelerated laboratory tests
on cathodic disbondment have
proved that carefully formulated
MIO coatings based on epoxy resins
are compatible with cathodic protec-
tion in the form of sacrificial anodzs
or impressed current. 19

synthetic MIO

In the UK, attempts have been made
over a numwber of years to syntheli-
cally produce MIO. These attempts
eventually resulted in the commer-
clal development of a synthetic MIOD
pigment. To promote this new prod-
uct, the technical staff of one manu-
facturcr has recently published sev-
eral papers claiming superiority of
the synthetic MIO compared 1o the
naturally occurring MO pigment.

To investigate such claims, a com-
parative microscopic examinaton of
natural and synthetic MIO pigments
has been carried out by independent
specialists in Australia. Participatirg
in the research were a consulting
firm for process mineralogy; the
metallographic investigations depart-
ment of an Australian steel compa-
ny; an Ausiralian coating manufac-
turer; and the author, formerly with
BHF Steel International in Australa
and now a private consultant in cor-
rosion technology,

One sample of MIO pigment com-
prised a processed, naturally occur-
ring MIO. The second sample was of
a syntheticzlly produced MIO, Ac-
cording to established criteria, both
of these meaerals sanisfied reguine-
ments for pigment-grade MO, Al-
though the methods in this study
followed the procedures outlined in
the relevan standards, 2 comparn-
tive evaluation required more exen-
sive examination procedures.

This article outlines the proce-
duress followed for the comparative
microscopic examination of the MIO
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pigments in question, 11 also reviews
the cross section examination of the
epoxy resin-based MIO coatings ap-
plicd 1o a steel substrate and pro-
vides details of the results.

Structure, Shape, and Color of
MIO Particles

When a test portion of the pigment
is viewed under @ scanning electron
microscope (SEM) using a magnifi-
cation of about 250x, the structure
of the particles corresponds to the
lamellar structure shown in Fig. L
When a test portion of the pigment
is viewed by means of ransmimed
light and an optical microscope
using a magnification of about 200x,
the particles are siown 1o consist of
sharply defined, angular, ruby red
translucent platclos with clealy de-
fined fracture planes.2.7.13.20

Characteristics of MIO Pigment
MIO is & natural mineral ore known
as specular hematite, It is meallic
gray and is similar in crystal habit to
mica, which gives rise to the de-
scription “micaceous,*1-3,5,10,14-16,21
Its distinguishing feature is a tabular
crystal form, which can be easily
fractured to give very thin platelets
of good chemica stability even at
high temperatures, 2-4.12.14-16,22
Suitable processing of the crude ore
produces the required size range of
gray, flake-shaped specular particles.
They are composed mainly of Feyls,
which is used as pigment in the
paint industry.10.12,15,16,24
Although MIO is found in various
pans of the world, the actual particle
morphology, follewing processing,
may.nol be miczceous, MIO pig-
MENts CAn vary in composition, par-
ticle size range, ancd particle shape
depending on whether they are pro-
duced symhetically or, in the case of
refined natural oxide, on the loca-
tion where the ore was mined. The
ore used in protective coatings
should contain a least 85 percent
continued
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FeaOz and an cxtremely  low
amount of water-soluble salts, and
have a fully developed lamellar
structure, 1-3,00,15,21 23

Microscopic examination of MO
pigment from various deposits re-
veals that the parnicle shape can
range from flake-like {varying in
thickaess) to complately granu-
lar. 27121518 some pigments cone
sist of fines and variously shaped
particles. The world standard for
MIO today is the Waldenstein region
source between the provinces of
Corinthia and Styria in Austia 2 The
is the largest and best known de-
posit of MIO, and the quality and
quantity of the as-mined ore ars
unique 1 35.1415.21,22.24 e e
thin flake structure and "soft® texture
is a natable feature of Austrian
MIO.> The Austrian standard grade
is similar to that found in the earljer
Cnglish "Grcat Rock Mine” i South
Devon (no longer available commer-
cially).23.8

[n the last few years, severl alter.
natives, including synthetic MIO
Tig. 2} lave ecome commercially
availablz. These alternatives, howey-
er, have obvious differences in their
physical properties. To ensure thar a
high level of corrosior prevention is
miiniained, it is necessary to charac-
terize the physical properties of the
alternatives anc evaliuzte their effect
on the corrosion protection of
stee) 7.14,15,21

Mechanism of Protection

The protective action of MIO is
ascribed to close packing of the
pigment platelets within the paint
film. The platelets form overlapping
and interleaving multi-layers, posi-
tinned renghly parallel to the coarced
substrate, 5. 10.21.25.28 oy ding
the edges (Fig. 3). 12,14-16,21 Al DpHi-
mum pigment valume concentration
(PVC), the pigment layers form
a tomgh, lamellir seal that aces as
an effectve barier, The layers im-
pede penetration of moisture,
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Fig. 2 - SEM of
spnthalie MM
showing limiad
development of
dlisarct lammellar
n‘.bcphobg:,r_ Hgh
content of line
irrﬂgu'ul malerinl

is presert olong with
accular forns,

SUBSTRATE

F-rg 3- SEMIIlusmﬁl‘E
the coaling thickness
oed the arizniotion of
Mh.‘ﬂ“}' Dccl.lrrl'r'g
MID) pipmesnt on o
rounded edge,

BASLS, And COrrosion promoters
{and, hence, incresse corosion pra-
tectivnd; improve film strength; re-
duce polymer swelling: and mini-
mize blistering. 13%,12,2% Maistire
vapor can pencirale the paing film,
but the lamellar retwork structure
alae permis vapor to be dissipaed
without forming blisters (Fig, 4).24
The pigment Nakes alsa provwicle
mechanical reinforcement anc a
strese-relieving effect that result in
enhanced coheson and film intepri-
vy, MOy improves alhesion, applica-
tion olerance, recoatability, and cn-

rounded edge

vironmental resistance of heavy-cluty
melustrial coatings. It also improves
abrasion and chemical resistance.

The flaky paricles on the upper sur-
face shizld the medivm undermeath
from ulravioler degradation and
other agents that lead 1o paint film
ceterioration 1.2.3.10012,22,25,26
Should the upper surface of the
cottingg b damaged, sucocasive lay-
urs of pigment will present them-
selves 1o the atmeosphere as barricrs
te actinic radiation ;nd maoisture
penetration, thereby preserving the
effuctivencss of the Glm.! This leaf-
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Fig. 4 - Diagrom of coating containing lamellorshoped MID showing how

pigmend loyers impede penelration of moisture and pollution. The interleaving particles also
reinforce and strengthen the paint film. Moisture vapor can penelrale, but the structure also
permits vaper o be dissipoted without farming blisters.

ing prevents chalking and film ero-
sion. and maintains the protective
action of the medium,

With the introduction of airless
spray painting technigues, the pro-
tective properties of MIO-pigmented
paints are remarkably improved,
since more regular and more even
coatings can be achieved. Airless
spray painting results in beter {low
of spraved paint compared to brush
application. The movement of a
coating during and after application
and before the film is formed assists
the flaky MIO particles in achieving
parallel orientation. However, for
maximum benefit, the paint should
be vigorously applied so that the
flaky particles can easily align them-
selves in overlapping layers and thus
permit the pigment to exert its full
protective value. It is believed that
such MIO platelet arrangements. in
applied coatngs are a function and
interaction of flake thickness,
weight, size, and density.!

Examination Procedure
Preparation of Slides

The preparation procedure adopted
for the examination involved oil im-
mersion slides as normally used in
conjunction with AS 2855-1986.20
The same procedure is also recom-
mended in 150 10601:1993(E).23 The
“dry™ slicle examination procedure in
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the 15O standard was not adopied
hecanse the material clusterad signif-
icantly across the slide. This cluster-
ing was more pronounced with the
finer materials. As a result, the suit-
ably dispersed portion was not
found to be representative.

During initial slide preparation,
the behavior of the 2 sample materi-
als differed, Following initial place-
ment of the cover slip, maximum
sample dispersion was facilitated by
applying a circular movement to the
cover slip, under light pressure. This
procedure thus yielded the develop-
ment of a near monolayer of parti-
cles for observation, During prepara-
tion of the natrally occurring MIO,
movement of the cover slip was
generally smogth, with increasing
stiffness (an effect of surface ten-
sion) as the material was dispersed.
The synthetic MIO gave a gritty feel
to the cover glass motion and did
not develop the stiffness found with
the natrally ocourring MIO.

Examination of the synthetic MIO
sample suggested that this behavior
wias accounted for by equi-dimen-
stonal {i.e., non-lamellar) gangue
(rock) and iron oxide particles, in
particular, those associated with the
coarser end of the size distribution.

Both the natural and synthetic
MIO samples were screened to pro-
vide 3 size fractions (#33, -53 438,

and -38 micron), The screening
comprised an initial dry separation,
followed by wet spray rinsing of the
+33 and +38 screen contents. The 3
size fractions from each sample
were dried and weighed.
Preparation of the oll immersion
slides was carried ot for each size
fraction using progressive random
increment sampling methods. These
methods were previously used for
fine materials and had been shown
to produce good repeatability, The
behavior of the predominant finer
size fraction of the synthetic MIO
showed a marked improvement in
distriburion and dispersion.

Examination and Evaluation
Assessment of the MIO materials
was aimed at determining the rela-
tive differences in content of thin
iron oxide lamella. The basic fea-
tres shown in Table 1 were adopt-
ed for assessment. Each could be as-
sessed with reasonable consistency
and provided the basis for compari-
son between the 2 MIO materials.
The contents of each constituent
{Table 1) for each of the size frac-
tions were determined using petro-
graphic point counting procedures,
An automatic mechanical stage and
counter was used. Duplicate prepa-
rations were counted, and 600 to
800 constituent particles or points
per slide were assessed. For each
analysis, the magnification and illu-
mination conditions originally used
for determining the characteristics of
the components were kept constant,
This comparative evaluation also
included SEM photomicrographs of
typical areas from each sample at a
standard 250x magnification o illus-
trate the comparison of particle mor-
phology through photomicrography.
Cross-sectional photomicrographs of
coated test panels are also included
in this comparative examination pro-
cedure, These panels show the typi-
cal features exhibited by the natural
continued
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Table 1

Constituents of the MIO Samples Tested

Description

Component

i Y ;
Type B—distinet ruby red, lending towards deeper
blood red coloration af the thicker ead of the ranshicent

T

renge of plalelet thickness

Black, spogque groins representing wary theck plolelats
or granylar material; ro judgement on relative ickness
can be mcld't:; doas WWF

T
L ﬁ-;ﬁgﬁ‘;ﬁ'

e b & MICOoeDuE oF

kemellar marphalogy
g2
Cither tn“gm(m F:nluri:s.’ or companants nol ulhil;md:l.
Table 2
Weight Percent of MIO Retained by
Sieve Size
Sieve Size Wi, Percent Retained

Hatural MIO

Synthelic MIG

micrometers (mils)

o% R
ﬁ'&p reteh

38015

a1

"Residuol or undersize

MIC and the synthetic MIO pig-
ments within the applied coating,

Eesulls and Discussion

Table 2 pives the weight percent re-
tined for each MIC materal for the
separate size fractions used o derer-
mine the relative content of the
components (Table 1.
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Table 3 shows the results of the
quainmiative point count analysis for
the 3 size fractions. For each sample,
the analysis for the original or as-re-
ceived sample was calculated From
the individual size fraction resuls,
From the resulis, the Tollowing com-
ments can be mace,

confinuad
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Table 3

Quanfitative Volume Analysis

Slze W, Porcent T ycant Ll Brown lamella
Fraction Retained Type A Type B (Thick Platelets)

Wi Percen|
Resained

Translucent Lamella

Typa A

Voluma Parcent

Brown Lamella
[Thick Platelets)

Type B

LU

Gangue Other

Full 3ample

"Acicvlor or seadlelike marphalogy

* The naturally occuring MO ex-
hibits a much wicder sive distribution
than the synthetic MIC, with around
45 percent of the panicles greater
than 38 micrometers (1.5 mils), The
content of thin, translucent lamella
(Type A and B) Is uniformly distrib
uted across the full size range at lev-
els of 65 o 71 percent (Fig, %), The
-38 micron natural MIO (55 percent)
kas a hgher content of translucent
lamellar with a much lower content
of superfine and irregular shaped
particles than the synthetic MIO.

* The synthetic MIO comprises a
much narrower size mange than the
naturally ecourring MIC with 8] paer-
cent of the particles less than 38 mi-
crometes (1.5 mils), Within this size
fraction, the content of translucent
lamella s relatively high at around
3£/ Joursal of Protective Coatings & Linings

59 percent. This content, however, is
11 percent lower than the natural
MIO for the same size fraction. The
average size of the material within
this size fraction appears 1o he
smaller for the synthetic MIO than
for the naturally occuring MIO. For
the size fractions greater than 38 mi-
crometers (1.5 mils), approximately
19 percent of the wnal material, the
synthetic MIO is dominated by
cpacue malerial with a relativety
low conten: of translucent lamella
(Fig. ).

Figures 7 and & Qlustrate the typi-
cal Features of the representative
MICr materials in an applied coating,
The photomicrographs are represen-
tative of cross sectinns from test
panels. The MIO materials were pre-
pareed using an epoxy resin base asd
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applied to the test panels. All as-
pects of e preparstivn of MEO-pig-
mented paint and its application
were closely supervised by technical
personnel. Average coating thick-
ness ranged between 120 ard 140
micromerers (3 and 6 mils), 17e fig-
ures show the differences in size,
distribution, and the degree of
lamellar or micaceous charcter ex-
libited by the 2 MIO materials.

Conclusion

Resnlrs of the abave evaluation
show that the naturally occurring
MIO material exhibits a far more
well developed micaceous morphol-
oy than the syathetic MIO. The nat-
uzally ocourring MIO is chameoterized
Iy a wide size distribution and z
uniform content of well defined,



Kraft leC hemical

Fig. & - Maturally
accurring MKD -33+38
micramatar fraction [wil
immersian, fransmitted
||g||I] Sample exhibits
uniform contant of thin
lomellar micaceouws
jran cxida.

Fig. & - Synthetic MED
-53+38 micromater
fraction |ail immersicn,
transmitied light|
Somple axhibils
dominant opague
moderial with redativety
I cnntant nd
acceptable translucent
lomealla: :.|u|prx{

platalats.

Figy. 7 - Cress saction of fest ponal cooted with noturally occurriug 810, MIO plotelets
axhibit o consistent landency towards parallel 1o sh-porallal orantation with respect fo the
steel substrate.

Fig. B - Cross sechon of test paned coated with synlheri-; WMD), Fine MIC platelets tagather
wilh the more granuler iren axide companents exhilsl o more randam esentation within
the cealing layer. Extended porallel or svbparallal arientation of the MID companent wos

generclly absent throughaoul all af the crass weclions axamined
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thin micaceous iron oxide amella
across the full size rmnge.

The distribauion and orientation of
ruturlly ocouwrring MICH pigment in
the dapplied coating, cven on the
edges, provides maximum protec-
tiom to the substruee, The syatheric
MICY s mch fioer than the naorlly
accurring MO, with both the major
proporticn in terms of siee and ac-
ceptable famella thickness at less
than 38 micrometers (1.5 mils)

Relatively large proponions of su-
perfine particles are present in the
examined synthetic MIO. Such su-
perfines may not conform o mic-
ceous o limellar morphology. The
equi-dimensional or non-lamellar
shaped pamicles dominating in froc-
tions greater than 38 micromerers
(1.5 mils1 may reduce the effective
ness of :l'|1|l|1':.'i.| coniings consicler-
ably, The egui-dimensional shaped
Copagquel material reduces the
btk ¢volume) of hmellar pigment,
and, consequently, proportionately
fewrer promective platelets of MIO are
distribuined within the applied coa
ing (Fig, 31, Such granular-shaped
particles associated with the coarser
end of the size distribution may
interrupt  the developmenr of
parrallel orientation of the el
shaped plarelers

Finally, microscopic cxamination
of a sample of o syothetic MIC pro-
vided sufficienr information to con
clude that this material would have
difficulty in conforming 0 the re-
guircments proescribed by Avsialian
Stunchiged 2855-1986. Therefore, the
syathetie MIC must be considered
unsaitable for use a8 o pigment in
inclustrial coutings for long-tenm pro
tection, especially in severe, corro-
sive environmenis, Initial resalis of
current comparative weathering rests
(6 months exposure), within a
coastal environment, would appea
to confinm this view. Results of these
westhering tests will e made avail-
absli For pubsliciinon soon

continued
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