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(57) ABSTRACT

Methods and devices for producing images on coated
articles are provided. The methods generally comprise
applying a layer of magnetizable pigment coating in liquid
form on a substrate, with the magnetizable pigment coating
containing a plurality of magnetic non-spherical particles or
flakes. A magnetic field is then applied to selected regions of
the pigment coating while the coating s in liquid form, with
the magnetiv field altering the orientation of selected mag-
netic particles or flakes. Finally, the pigment coating is
solidificd, affixing the reorented particles or flakes in a
non-paralle] position to the surface of the pigment coating to
produce an image such 4s a three dimensional-like image on
the surface of the coating. The pigment coating can contain
various interference or non-interterence magnetic particles
ar flakes, such as magnetic color shifting pigments.

37 Claims, 6 Drawing Sheets
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[ a methd of tabncating imaged canag, produc 20,
magoetic prioted image layer 24 s apphed 10 subsiai 22
any of the ahove prigting eatmques. e magnetzable
pigment custing 26 s then appiicd @ lguid foem over
printed image layer 24. As discussed above . imagy laver 24
may mherently coman sufficicnt agictisar i the magnctic
image in arca 28 (o offeet the dusired aneataion change in
the pigment flakes of pigmeat coatme 260 Altcenatively,
image layer 24 may be subjecied 10 an externat magnetic
force prior 1o applying pigment coaltug 26 10 subsirsie 22,
The magnetic (icld produced by image laver 24 i applicd 1o
sclected regions of pigment coating 26 while the coating, is
in liguid form, with the magnutic ficla altering the ancota-
tion of sclected pigment flakes. The pigment coating 26 is
then solidified, affixing the reorivated Nakes in a position
that is non-parallel to the surface of the prgment coating la
order 1o ensurc that the flakes are preseeved in the reorrated
position which produces the three duensional - the 1miage,
the coating is preferably solidificd by themsd procusses such
as thermal cross-linking, thermal sctting, or theanal savent
cvaporalion, or by photochermical cross-linking

it is an advantage of this method of the saventon that 1t
uses a static magnetic ficld thal does el move whibve o the
substrate while the image in the pigmen] coating s tormed
‘This approach leads 1o several bendfits over canventional
methods, tncluding: 1) providiag a higher resolotian in the
final coating image since the image is formad by the priated
magnetic image arca rather than by a diffuse magnetic forec
ot an image lormed by & diffuse magnete forec, and 2) ik
printed magnetic image arca can e magnetized by a broad
magnetic sweep rather than by a patteocd or aoving
magnetic ficld.

HIG. 2 depicts a reflcetive magneiic flake ("RMET} 100,
suitable for use in the magnetizable prpmem costing,
according to one embodiment of the inveation. The RME
100 is a three layer design having a geacrally symmctrical
thin fitm structure with & central magoctic ayor 102 and a0
least one reflecton layer vn itfice e hath ol the spposing
major surfaces of the cealral magacne layee Trous, RMI 100
comprises a magnetic laye inferdisposed between a tiest
reflector layer 104 and an opponing second euths o ey
106 By insuriing the magnete Jayer butwesa b fuchly
relleetive rellector layers, such w8 shemsinn, the septical
propertics of the reflector layers ac ot ésradee and
flake remains highly reflective. O suitable vxample of an
RMI according to the invention "as 1 coatire strycre:

gnelic ¢
The RMIT 100 can be used as a pigment llake or can b
used as 2 core section with additionsl tayers appliad (hure-
over such as in a color shilting pigment. In the case vl cor
shifting pigments, maintaining the high roflective layer i
cxtremely important to preserve high brightoess and
chrama. Viach of these layersin the coating sttuciure of RME
100 1s discussed below in greater detail
The magactic tayer 102 can be formed of any magnetic
material such as nickel, cobalt, iron, gadolingum, trburm,
dysprosium, erbiem, and their alloys or axides. For cxample,
a coball nickel alfoy can be employed, with the cobalt and
nicke] having a ratio by weight of about 3% and about 207
resprectively. This ratio for cach of these metals m the cobalt
nickel alloy can be varied by plus or minus shout 104 and
still achieve the desired results ‘Thus, coball van be present
in the alloy in an amouat (rom about 7007 0 ahout X2 hy
weight, and picke cap be preseat in the alloy 1n an amount
from zbout 1% (o about 30% by weight Other cxamples of
alloys include Fe/Si, FeNi FeCo. FuNueM. and cosbima-
uons thereof Hard magnetes of the type SmCug, NdCog,

I8
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Sm.Coy,y, Ndole (B Srle., Thlicy, Al Ne Oy, and
combuations thureof, can also be used as well as spincl
feeniles of the type Ve, 0y, Nilie,0 4, Mobe-0, Colie.O L or
warnets of the lype YIG or GAIG, and combinations thugeof.
The magocetic material may be sclected Tor its rollecting or
absorhing propuriics as well as ils magnetic properlic
When uilized to Cunction as a retlector, the magnetiv mate-
rial 15 deposited 10 a thickness so that o is substantially
apaque, When utilized as an absorber, (hu magoutic maicriaf
is depasited 10 a thickness so that it is ot substantially
opaue.

Although this broad range of magnctic materials can be
ased, the "5oit" magnets arc preferred. As vsed fercing the
term *soft magnets” refens o any material cxbibiting Feeso-
magnelic properties but having a remanence that is sulbstan-
tially zcro afier exposure 10 a magnetic foree Soft magnets
shaw a quick response to ap applicd magnetic ficld, but
retain very low (cosrcive ficlds (He)=0.05-300 Gersteds
(0c)) or zero magactic signalurcs, or relain very low mag-
autic lincs of force aficr the magnetic field is remaved.
Stmilarly, as used herein, the term “hard magnets™ (also
called permancnt magnets) refers 1o any matcrial that cxhib-
its lerromagnetic properties and that has a long lasting
remanence affer exposure 0 4 magnetizing foroe. A leres-
magnetic material is apy matensl that has @ permeabality
substaptiatly preater than 1 aod that exbibits magoctic
hysicresis propertics.

Preferably, the magnetic materials used 10 lerm magnetic
rs in the flakes and foils of the inveation have a
woereivily ol Iess than about 2000 Oc, more preferably luss
than about M0 Oc. Coercivity cefers (o the ability of a
matcrial 10 be de-magnctized by an extcrnal magnctic ficld.
“Ihe nigher the vatue ol cocrcivity, the higher the magnetic
ticld required to de-magnetize the material atier the ficld is
removed, T some embadiments of the invention, the mag-
avtic layers used are preterably “soft” magnetic material
apposed 1o tradibonal “hard ™ magnetic matoeials which have
fugher enereivitics. The

wocravities of the fols, pigmeats or colorants ol the
mavnelic color shifting desigas according to the vention
e preferably i a cange of about S0 O ta absar M0 Oc.
Phese wwrevitics are lower thar in standad recording
aatcriws, Thus, preferred embodiments of the invention
wiich usc soft magnels in magactic color shifting pigmeats
Lot magnetic non color sinfting pignicats are a0 mprove-
et over vonventional techiologies.

The magectic layer 102 can e tormed o have a suitzble
physical thickuess of from about X0 ang.slmms(,‘) 0 abxut
104000 A, and prefecatly from about 500 A v about 1,500
A, However, it will be appreciatud by those skilled in the an,
in vicw ol the disclosure berein, that the optimal magnetic
thekness will vary depending, on the particvlar magnetic
maleriai used and the purpose for its use. For example, 3
magnctic absorber layer can be thioner than a magnctic
reflector layer busud on the optical requitements for such
layers, while a covert magnetic layer will bave a. thickness
hased solely on its magnetic propertics.

The eeficctor fayers 104 and 106 can be composed of
vartous cellective materials. Prescitly proferred materisls
are one or more melals, o or more metal alloys, or
combinations thereol, because of their high sellectivity and
case af use, although non-metatlic rellective marerials could
also be usal. Nonlimiting gxamples ol sunable metallic
matenizls for the cellector layers incfude atuminum, silver,
vopper. guld, platnum. tin, wanum, palladium, eickel,
aubalt, chodium, mobium, chromium, and combinations or
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altoys thereul these can be selected nased o the color
effects desired  The reflector Tayers 04, 106 can e formed
i have 2 supable phys@al thickoess of trom about 400 Aw
about V4R A, and prefegably from about 500 A 1o about
[KLLUNY

(o a0 alicrpative cmbodiment, opposing dicleciric layers
may optenally b added o overlic rollector layers 104 and
6. These oppusing dicloctne layers add durabitity, rigidity,
and corgosion resistance 1 RME 100,

F1G. 3 deprets a magnetic cotor shitting pigment flake 120
based wpon a RME secording to one embodiment of the
wnvention, he Bake 1260 is a gencrally symmetrical multi-
tayer thin film structure having fayers on opposing sides of
4 RME 122 thus, first and second diclectric layers 124 and
126 ure disposad cespuctively on opposing sides of RMI
122, and fiest and sueond absorbee layors 128 and 130 are
dinposed respoctively on cach ol diclecinic layers 124 and
126, The RME & #s discussed hereinabove while the diclee-
triv and absorbor lavees are discussed betow in greater detait.

i

Ihe diclectne fayers 124 and 126 act as spacers in the thin

film stack siructure of Jake 120, These layors are formed 1o
have an cfective aptical thickness for impanting interfescnee
color and desirad calor shifting propertics. The dickectric
favers may b ophionally clear, or may be selectively absorb-
ing s as 1o contobine o the color sftea of a pigaient. The
wptical thickiess is a well koown aptical pacameter defined
as e peoduct 1d, where 1 is the mefractive index ol the layer
and d s the physical thickness of the layer. Typically, the
optical thickness of 2 layer is expressed 1o terins of a quarter
wave o
where A is the waveleogth at which a QWOT condition
accurs e optical thickeess of divletric fayees can range
from about 2 QWOT at a design waveleogth of about 400
3 o ahour 9 QWO a0 design wavekength of about 1 700
nm, asd preterably 26 QWO at 400 700 am, depending
upeeu the abor shith desirad. The diclectric layers typically
have a physaal thickness of abaut 100 am fo about 800 nm,
depeichng o the ealor characteristios desired

Swichle watenals o diclectric layers (24 and 126
i bade these baving & “high™ axdex ol relraction, delined
hotew as et thaa abont 165, as well as those have a
Qow ey o reltaction, which is duliud herein g about
LS or tess kach of the dicectric lavers can be tormed of
4 gl material o wath a variety of materia, combinations
ard contipurations. For cxample. the diddeetric layers can be
formad of caly 3 Jow andex material o oaly a ngh index
makrral, a mixtre or multiple sublayers ol two o mors low
mdex materials, a mixiure or mulliple sublayers of two or
maore high index malenisls, oF & anxture or multiple sublay-
e of low index aod high index nuaterials. [ addition, the
dickane fayees can e formed partially or cotirely of
highdow dicloctne aptcal stacks, which are disenssed in
lurther autail below. When a diclectric layer is formed
partialfy with a diclectric aptical stack, the emaining por-
ton of the diclectric layer can he formed with a single
malerial or vapious malerial combinations and cunfigura-
hiens as deseribed above,

Examplos of suitable tugh tefractive ixlex materials for
the diclectrie tayer include 2ine suttide (ZaS), zine oxude
(700). sicconium oxide (70, titanivm dioxide (Fi0,).
dizmond-idke carbon, iodium oxide (1n;0.), indium-tin-
axide (IT0Y, wantalum pentoxade (1a205), cere oxade
{C60,), vitriun oxide (Y ,05), curopium oxide Eu 0 ), iron
sedes such as (diiron( 1) oxide (1Fe40),) and ferric oxide
{1 .0). hatmem nitw (HIN3. hafmum carbide (HIC).
hatoum oxiic (HEQ,), lanthanum oxide (1.3:0,), magoe-

3

cal hickacss (OWOT) thal is cqual o dndik,

>3

4

z

<

M
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xiwm oxide {Mg0), acodymivm oxide (NdQO,), prasedy-
auum oxide (PO ), samanom vxde ($m,0,), antigony
trioxide (3200, silicon monoxide (Si0), selenium troxid
{Se,00,), tin oxide (S00).), agstca trioxele (W0O,), com-
binations thereof, and the Like

Suitable low relractive index materials for the dieleciric
tayer include silicen dioxide (Si()), alwminum oxide
(ALQ,), meta) Huorides such as magnesiwen Buoride
{MgF.), aluminum fuonide (AL}, cerium fluoride (CekFy),
lanthanum Auotide (.al’,), sodium aluminum uorides (..,
NazAllY, or Na,ALE, L acedymium Huaride (NdIF),
samarcium {uoride (Sml.). bariom fluocide (317, calcivm
fvoride (Cak’,). tithinm fluoride (Lil). combinations
thereof, or any other low index material having an index of
refraction of abom 1.65 or less. For cxample. organic
monomers and polymers can i ulilized as jow index
matcrials. including dicnes or alkenes such as acrylats (e,
muthacrylate), perfluoroatkencs, potyictralluoracthylene
(leflon), fluorioated chylene propyleoc (I'LEP), combina-
uons thercol, and the lik

1t should be sppreciated that several of the above-listed
dicleetric matorials are typivally present (o non-
stichiometde forms, ofien depending wpon the specific
methad used o deposal the diclectnic material as a coaling
layer, s that the above-listod compound names indicate
the approxunate stoichiometry. For example, silicon mon-
oxide and siticon dioxide have nominal 1.5 and 1:2 silicon-
woxygen ratios, respectively, but the actual silicon:oxygen
ralio of a particular dielectric coating, layer varies somewhat
fron: these nominal vatues. Such nun-stoichometric diclec-
twic materials arc atso within the scope ol the present
invention.

As mentioned ahave, e dicleotric layers can e formed
of high/luw diclectric optical stacks. which have allcrnating,
fayers of low index (1] aad high index (11} materials Whea
adielectric layer is formed ol # highflow dhiclectng s Jhe
color shift at aagle will depend on the combinal sefractive
index of the tayers in the stack . Examples of suitable stack
conligurations lor the diclectoie tayers dncinde £ H, I
EHL, HEH HUHLTHI Hoor i general (VLHE Y or (HLTD,
where a=10, as wetl as vanous mutuples and combioations
thercof . o these stacks, 1AL for exanple, jodicates diswerete
layers ot a fow dex matenal aod 2 high adex natenal o
an alicrnative cmbadiment, the highflow dickeetiie stacks are
loranud with a gradicot index of retraction For example, the
stack can by [ormed with layens baviag 3 graded index
fow-io-high. a graded index high-to-tow, a gradud mdex
How-o-high-to-low]”, a graded index [ high-to-low-lo-high]
7, where n=1- 100, as well as combinations and multiples
thereof. The graded index is produccd by a gradual vacanoc
in the refractive index, such as fow-to-fugh index or high-
w-low index, of adjacet fayees. The graded index of the
layers can be produced by changing gases during deposinon
ur eo<depositing twa materials (e, 1. and H) i diflering
propurtions. Various highflow optical stacks can be used o
enhance color shifling performance, provide antirelleciive
propertics (o the diclectric layer, and change (e possible
color space of the pigmeats of thy invention.

‘The diclectric layers can cach be composed of the same
material or a different material, and can have the sane or
differcat optical or physical thickaess for cach layer. 10 will
he appreaiated (hat when the dicloctric layers are compuosed
ol dilferent matenals or have different thicknesses, the llakes
uxhubit different olors on cach side thercot and the resulting,
mix of flakes :na prgment of paint misture wouk) show 4
acw color which is the combriation of the two colrs. e
resalting color wauld be bascd on additive coior theory of

(z\
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“Ihe present invention may be embodied in ot spocitic
forms without departing, from sts spicil or essential charac-
teristics. The described embadiments are 1o be considered in
all respects only as illustrabive and not restriclive, Phe soupe
of the invention is, therefore, indicated by the appended
claims rather than by the foregaing duscription. Al changes
which come within the meaning and cange of cquivakency of
the claims are io be embraced within therr scup

What is claimed and desited 10 by seeurcd by United
States | eters Patent is:

1. A method of producing an image in a pigment coalmy,
comprising:

applywny a magnetic printed image 10 a subsirale;

applytng, a liguid magoetizable pigment coatig, sver the

printed image, the pigment coating, comprising:

2 pigment vehicte; and

4 plurslity of goa-spherical magoctic pigments dis-
persed ia the pigment vehicle;

exposing the pigment cuating to the magnetic field of the

pinted image; and

solidifying the prigment coating on the printed image:
whereby sclected cals v, the pigment costing arc reori-
eted 10 3 nonparalie! or intermediale positun with respoct
10 a surface of the pigment woating by the magactic ticld aod
are soliditicd in the aunr-parallel or intermediate posttion 1
prduce an image on the sudace of e prginent coaling

2 e method of claim 1, wesicia the magnetic prgments
have a substantatly planiar structure

3 The method ol a1, woeran the magnutic pigments
have aa espect ratio of & wast about 21

4 The methed of claim 1, wheeein the magactic pigments
have a mullifayer Coating steucture with at least one layer in
the mulifayer coaling Structute Lomprwsing o soft magpete
matcrial.

S5 theethod of clim 1, wheredo the magnctic pigments
mclude amltilayer pigments with a coating, staclure com-
prisiog:

a ccitral magocte layer having a fisst major surface, and

an upposing sceond major surfee;

a first rellector layer oo the finst major sutlace of the

magnetic layer; aod

a sueond retlector layer on the second major surface of the

magnetic layer

6 ‘The method of claim §, wherein the firsl and seosod
reflector layors form a conliguous reflecting layer substan-
Gally surrownding 1he magoetic layer

7 he metbod of claim L, whercin (he mawictic pigmeots
inctude color shifiing multilaver pigsnents with a coating
stucture comprisig:

a augnetic corg seetion inciuding.

a ceniral magoctic layer having a fisst major surtace,
and an oppsiay sccomd majos surtace; and

4 first rellector fayer on ibe st wajor surface ol the
magactic layer, and an opposing sceond reflector
layer an the seeond major sirface of the magnetic
layer;

a lirst diclecteic layer ovedying the fiest refloctor layer,
and a sceond dicleetnic layer overlyup the second
refloctor layer; and

2 hiest absorber tayer overlying the first diclectric layer,
and a seeond absorber layer averlying the sceond
diclectric layer.

8. The method of claim 7, wherein the first and sceond

diclectric layers form a conliguous dicloetric layer subsian-

= ually surrounding the magnetic core section.

I

L8

%

$

o8

9. The method of claim 8, whereip the lirst and scconed
atworher layers form a contiguous coating layer substaatially
surconnding the continuous diclectric layer.

10 {he method of claim 7, wherein the st and second
absarber layers form a contiguons absorbing layor substan-
halty serrounding the first and second dielectric layers and
the magnetic core scction.

11, Ihe methad of claim 1, wherein the magoetic pia-
meats include multilayer pigments with a coating structure
Cumprising

a central support layer having a first major surface and an

opposing scoond major surface;

a fiest magnctic laver on the first major surface of the

suppor layer; and

4 sccend magaetic layer on the sceonG major surface of

the support layer.

12 The methad of claim 11, wherean the Best and soeond
magneuc layers form a contiguous magnetic lager substan-
tally surrounding the support fayer

13, 1he muthod of claim 1, wherein the magacti §
meats oclude muhilayer pigments with 2 coating structue
COMPpriMNg,:

a central magnetic layer having a first major surface, and
an opposing sveond major surtace;
a finst deeleciic Tayer on the finst major surface of the
magautic layer; and

a seeond diclectric layer on the second major surface of

the magnehic layer.

14. 11 method of claim 13, whercin the first and soeond
dliskeetric layers Torm a contiguons dielecteic layer substan-
{ally surounding (be magnctic layer.

15, the methad of claim 1, wherein the printed image is
applicd by a printing tcchpique selocted from the group
cmsisimg of gravurg, lataglio, fexographic, silk-screen,
and lithcygraphie printing.

16 Tt method of claim 1, wherein the printed 1mage is
applicd by a hot stamp technique using a hcal activard
scthesive.

17. Ihe method of claim 1, wherein the printed imagy s
applicd as a pre-prioted image on an optically transparcut
sheet.

18 1be method of claim 1, wherein the prited imagy is
Jormed on a carrier sobstrate and affixed 10 the subsirate,

19 fhe method ol claim 1, wheren the magoctivable
coating is hardenud by a process selected from the group
e of theemal cross-linking, thermal sctting, thermal
sulvenl evaporation, aod photochemical cross-tinkiag.
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200 A methand of creating, an image in s pigment coaling,
comprsing:

applying & mapoctizable pyoeol coaling ou a subsirale,

the prgment coaling compnsing a pigracat vehicle, and

a plurality of pon-spherical magactic pigneants dis-

persed an the pigment vehicle, the magnetic pigmeats

including multidaycr prgments with a coatiog structure

comprisi

2 wentral magactic layer having a first major surlace,
and an opposing second major surface;

a liest reflector layer on the fiesd major surtace of the
anagnetic lyer: and

1 econd rellector layer on the seeond majoe surface of
the magnetic faycr;

uxposing the prgment coating (0 2 magnelic lield; and

solidhfying the ptgment coating oo the substrate;
whereby selucted pigments in the pigment coatiag are reori-
cated to a aon-parallel position with respect 1o a surface of
the pigment coaiing by the magnetic ficld and are solidificd
in the non-parallel postion to produce an image on the
surface of the pigment coating,

21 The method of claim 20, wherein the magnetic ficld is
produced by @ sheet magnet conligured in the shape of the
theee dimensional-hke image and placed on a surface of the
substrate opposity Trom the pigment coating,

22.7The methad of claim 20, wherein the magnetic field is
produced by a DC magactron sputtering magoetic cathode

23 The method of claim 20, whercin the magnetic lick] is
produccd by a magostizable die exposed © a secondary
maguehic source.

24 The method of chaim 20, wherein the magnetic foree
is supplicd by multipte magnetic poles oriented togother 1o
from an image bekow the substrate.

28 “Fhe methud of ctwm 20, wherain the {irst and scoond
reflecton fayers form a contiguous reflecting layor substan-
lially surcounding, the magnetic ayer.

26 The method of claim 28, whercin the molidayer
pigments turthor onaprise a lisst diclectrie layer overlying
the fiest reflector laver and 1 second diclectric layer overly-
g the seond refloctor ayor

27 Ibe methed of claim 28, wherein the multilaver
pigments further comprise a first absorber wyur overlyin,
the first dwieetrie layer and a sccond absorber layer over-
tying the sceond wiclectric layor

. .a
28, A metho of creating an image i a pigment coating,

COMprsiaz.
applving a magoetizable pigment coaling on a substraie,
thy pigment wosling comprising # pigment vehicle and
a plurality of pon-spherical magnetic pigments dis-
pursed io the pigment vehicly;
cxposing the pigment coating 10 @ magactc ficld pro-
duced by a magoctizable dic cxposed to a sceondary
magnetic source, of by a DC magnetron sputtering
magnetic cathode, and
solidifying the pigment coating on the subsirals;
wherehy selected pigments o the pigment coating are reon-
cated 1o a no-parallcl position with respect to a surface of
the pigment coating by the magnetic licld and are solidificd
w the aon-paralict position to produce an image on the
surface of the pinnicot coating.
29 A methad of creating an image in a pigment coating,.
comprising:
applying a magnetizable pigment cosling on a subsirale,
the pigmuat coating oeniprsing:
4 prgment vehicle that solidifies under exposure o
seivtad clectromagaetic radiation; and

by

Mi

e

s

28
a plurality s gon-spherical magnelic mymonls dis-
prersed e gment vehiele;
postonng a dirst photoqisk over the pigment coaling,
the firs photomask aincluding wne or more voids cor-
responding e 3 paticra 1o be formed as paa of ao
imay
applying 3 test magnete ickl ko the pigment coating,
wherehy the pigments in the pigmen! coating are on-
coled m g aon-parallel posttivn with respeet 1© a surlace
of the pignicm coating;

exposng the prgment coating 19 a finsl region 1o electr-
mrgacHe 2adabion theoagh thie one or more voids o the
first ! sk, thureby solidilying the pigments in the
fiest reon e non-paralkel postiioa;

applyiag 3 sceond magnetic tickd 10 the pigment coating,
wherehy non-solulibed pigments in the pigment coat-
g uig reonented g position substaatially parallel o
a surlace of the p

removing the dirst phatomask and cxposing the pigmeat
waung, W clectiomagnetic radiation, thereby solidify-
my e semiander of the pigments i the positian
substanualiy parallel to the swrface of the pigmem
woating, ke produce 3 tinad image on the surface of the

i

sl arilig,
30 The method oof claim 29, wherein the magoetic pig-
meats comprise muttilaver color shifiing (akes.
31 The mcthod of o 29, wherein the electromagnetic
radiation s witcavadet tight
32, A method of Creating an image in a pigment coaling.
comprising,.
applving a magnclizable prgnent coating oo a substrate,
the pipment coatiag, comprisi
a pignienl vehuch: that salidifies under exposure to
ccted clectiomagictic tadiation; and
3 plaralay of ooo-spherical magnetic pigments dis-
peesid 1 the pgment vebiel
posiiomny 4 lest photomash over the prament coating,
the tiest photo:-ask i ludiog one or more voids cor
responding, s a patiern o be formed as part of 2o

unag,

wpplver, « ties aasicti Geld @ the pigment coating,
wheieby the preamcnts Ui ugment coating are oo
coted s g ova-parallel pusition with respect 10 a surtace
ul the pymment woatag,

oxpoa the przes + costing i a finst region to electro-
magnene s acation theragh the o or more voids io the

tphotemash. therehy solidifying the pigoents in the

s( region 1 the nou-pari.del positioa;

applying & secona magnetie Yield 1o the pigment coating,
wherehy Lon-soldificd pigments ia the pigment coat-
iy are ronearded o an mtermediate position dilferent
from the earparelicl posivon of the pigmenis in the
first regiou;

moving thy lisst phatomask and pusitioning a seoond
photomask wvee the pigment coating, the secood pho-
wnnesk actuding one o more veids corresponding 10 3
paticen b by tormed as pant of the image;

cxposing the pigment coating in a swond region (o
clectromagnenie radiation through the one or more
vouds 10 the sceond photomask, thereby, solidifying the
pizmunts 1n the seoord regron i the in the inleemediate
position,

applying o thied magnetic ficld to the pigment coating,
whosehy @ on-solidified pipments ia the pipment coat-
g ure feonented o a position substantially paralic] o
the surface of the pigaenl coating;

<3
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29
removing the sceom] photomask aed exposing, the pig-
ment woahing to clectcomagehie radiation, theeeby
salidilying the remamdec of the pinments in the posi-
tion substantisllv paralicl 1o the surface of the pigment
coaliog lo produce the find image vo the suglace of the
pigment coating

Iy

36, A method ol produciny images s pluzality of
substrate surfaces, compnsing
providing a plurality of substraic suttaces, the sprlaces
hang cither 2 plurality of surface rogons 00 a single
substrate or a plurality of surtaces on 3 pluraluy of
f .

33, The method of claim 32, wheren the magnetizabk
pigment coating contams multilayer color shifting flakes.
34, The methad of claim 32, whercin tie lectromagnetic
radiation & wltraviolet light,

35 A metbod of producing, images in a plurality of
subslrate surlaces, comprising

providing, & plurality of substrate surlaces, tre surfaces
being cither a plorality of surlace repions oo a single
substrate or 4 plurality of surlaces oo 4 plurality off
subsirates;
applying a magaetic prioted image o cach substrate
surface,
applying a liquid magnctizable pigment coating over cach
prinied imagge, (he pigment coating, comprising:
a pigmeent vehicly:
a plurality of non-spherical aagnetic pipments dis-
pensed it the pigment vehiele; oxposing the pigment
coating 1o 1he magactic ickd of cach printed image:
and

sohdifying the pigment coating on cach printed image;
whereby selectad pzncats i the pigmcnl wating are reori-
cated (o a non-parallel or inkemicdiate position with respect

o a surlaoe of the pigaent coating by the magnetic lield of

uach printed image and are soliditicd in the non-parallel or
intermediate position Lo pronduce inages on e surlace off
the pigment coating.
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applying a liquid magnetizable pigmunt coatiog 1o cach
subsleate syrface. cach pizmen coating compsing:
a pigment vehicle; and
a plurality of non-sphencal . apoctac pigments Jdis-
persed in the pigmeat vebic

providing a plurality ol magactic Held providing devices,
cach of the devices atigacd with ong of the prgment
coatings;

providing magnctic shiclding matcrrals @ bluck magnetic
inferlercoce belween the magnet field providing
devices:

exposing the pigment coatiigs To the magnatie lickds of
the magnetic ficld providing devices: aod

solidilying the pigment coatings

wherehy scleeted pigments 1o the pighient coatings are
reoricnted 10 & oon-pacallel of wiermadiate position with
respuct to a surface of the pigment coatings by the magaelic
ficlds and are solidificd inthe gon-parallst or interoediate
pussition o produce images o the sarlace ol the prgment
coatings.

37. The method of claim 36, whercin the plurality of
substrate surfaces comuprises 2 shiect of bakoaotes,




