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ompaosite electroless nickel (EM) coatings are

adeveloping and promising feld in the metal

finizhing industry. A wide variety of particu-
fate matier iz capable of codepozition in EM coal
ings. Wear resistance and lubricity are two goneral
categories of composite EN coatings, which have
been the most extensively developed and commer-
cialized. Thiz paper presents o more recent calegory
of eomposite BN eoatings: composite light-emitting
coatingz, These novel coatings are composites of
phosphorescent particles dispersed throughout an
clectroless nickel matrix.

LIGHT-EMITTING COATINGS

Thiz category of compozite EN coatings i a recent
and novel development in the Geld, These coatings
have all the inherent features of EMN and appear
rormral under typical lighting; bul when these coat-
ings are viewsd under an ultraviolet (L) light they
el o distinet, brightly eolored Light, Particles from
a number of different materialz, each generating
emissions of different colored light, have been soe-
cegsfully codeposited in EX. A large number of par-
Licles of naturally occorring metals as well as zolid
chemical compositiona can he used as indicator par-
Licles, '

These are “parcicles comprized of atoms or mole-
cules that absorb photons of electromagnetic radia-
tion-and remit the abaorbed energy by the sponia-
neous emusson of photons which, however, are not
the same energy as abaorbed photons or the same
wavelenghits: The phenomenon 15 penerally referred
to as luminescence, having light-emitting proper-
Lies, Luminescence 18 further classified into fluores-
cenee and phosphorescence, I the emitted radiation
continues for a noticeable time (generally between
10~ % and 100 secondz) after the incident radiation is
removed, it 15 referred to as phosphorescence. If the
emission ceases almost immediately (107 7-107" soc.
ondsl after the ineident radiation 1= removed, the
process is referred to as flunrescence,™

Figure 1 shows three aluminum shapes under 1TV
light each coated with a composite EN coating con
taining & different material, which emit red, blue,
and white colored light respectively. Figure 2 05 a
SEM of the surface of a composite EN coating incor-

Figure 1. Composite electroless nickal coatings on aluminum
armil red, blue, and white colored light under ultraviolet expo-
L=

porating  phosphorescent  particles, This  unigue
property has been developed for two main uses as
deacribed in ULS, Patentz 5514 479 and 5,516,591
They are indicafion and authentication.

INDICATION
The Light-smitling propertiez can serve oz an indi-
eator layer, warning when the coating has worn oft
and replacement or recoating is necessary. This Tea
ture makes poszible the avoidance of wear into the
part itaell, which may cavse irreparable damage to o
potentially costly part, or the production of inconziz-
tent product by worn partz such as moldzs, dies,
presses, and others,

When o composite coating with Light-cmitting

Figure 2. SEM of & composite electraless nickel coating with
incorparated phasphorescent particles.
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Figure & Dimond particles codeposited in addition 1o phos-
phorescent particles provide a coating with exceptional wear
resistance and light emilling proparies,

particles iz employed alone it s the dizappeacanes of
the light that zignals wear through the indicator
layer. Az long as UV inspections of the coated porl
result inoa light emizzion reaction, the coating's
pregence 5 confirmed. While the EN matrix of such

an indicator layer will provide a valuable degree of

wear resistance, corrosion resistance, hardness, and
the olther properties inberent to BN, these proper-
ties can be further enhanced by the simultaneous
codeposition of other parficles within the indicator
laver. These other particles can be of o wear-resis-
Lont naturee, such as diamond and silicon carhide, or
have self-lubricating properties such ss PTFE and
beren nitride

Figure 3 demonstrates one such example where
diomond  parcticles are codeposited in addition to
phosphorescent particles to create a coating with
exeepliona] wear resistance and Light-emitting prog-
priies. Such indicator layers can range in thickness
from o foew mierons o o few mils depending on the
requirements of an application.

A light-pmitting indicator layer can even be ap-
plied priov to or under another “functional” eoating
toosignal when the functional coating has woern
through, thus expoging the indicator layer. In this
case 1t 15 the appearance of light that signals wear
has oceured through the functional layer to reveal
the indicator layer, Figure 4 shows a cross section of
a aubatrate plated with two distinet lavers; fivst, a
light-cmilting indicator layer, followed by & compos-
ite EM-diamond eoating. The functional laver may
b of any materinlis} applicd by any method (o sermve
any number of purposes ranging from wear resis-
bance, corrosion resistance, and lubeicity, to friction,
conductivity, insulation, and the like.

Figure 4, Cross sectlon of o two-layered coating including a
basecoat with light-emitting properties and topeoat o elestro-
lass nickel-dinmand,

As with all varieties of composite BN, hght-cmit-
ting coatings are regenerative, meaning that their
properiies are maintained even as portions of the
coating are removed during use. This feature results
from the uniform manner with which the particles
are dizpersed throughout the entire plated laver, as
ohaerved in eross-sectional Figures 3 and 4, Thus,
even il wear bas oceurred 1o a portion of the light-
emitting conting, any portion of the remaining coat
ing will continue to display the same properties.

As with any other EN coating these composite
eoatingz can be chemically stripped, leaving the sub-
atrate ready for recoating, 1.5, Patent 5,616,591
deseribes in defail the propedure to use, regenerate,
and reuse coated parts for multiple genernlions by
cmploying the indicator laver technolop v Specific in-
atruction 15 provided for parts commonly wsed inothe
Lextile, paper, and tobaces industries, which are criti-
val dimensions, underge highly abrasive conditions,
pnd are costly to remove, mechanically restore, or
replace onee wear has oceurred Lo the bose materials,

The novel properties of an indicator layer are
especially advantageous to parts that;

¢ defy conveotional wear and thickness {esting
due to complex Fenmetries andfor specific wear
patterns,

v are difficult, time consuming, or costly bo re-
move from aszociated componeniz to Lest, or

v are expensive and require nondestructive wear
testing toavold wear into the substrate,

AUTHENTICATION
The presence of a colored light emission from a
coatiig can be valuable in aunthenticating parts from
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a distinet gource, This is especially promising for the
identification of genuine OLM parts, which other-
wizge can be routinely counterfeited,

Numerouz examples exist in the aireraft industry
where eounterfeited parts have notoriouzly found
their way onto private and commercial airerafh.
Such components may appear identical to the OEM
anthovized components, but numerous critical ma-
terial parameters are not vizible or readily verifiable
bo the technician installing the part. If, however,
such a techmeian 1z able to make an instantaneons
vizual verification of a component's authentieity un-
der exposure to a [TV light, installation of unautho-
rized components can be avoided, While 2 maching
shop may be able to fabricate a eonvincing counter-
feit part the ability to produce such a part with a
light-emitting composite EN coating iz substantially
diminished by the cechnology, know-how, and
patent rights required.

Similar benefits extend to the automotive indus-
try where the sales of counterfeit and imitation
replacement parts were recently estimated to be $12
billion.®

Further frustrating the capacity of an ungutho-
rized manufaclurer is the opportunity for the OEM
and the authorized plater to produce suthenticating
coatingla) to emit a variety of colors, The color of the
coating's emission can be changed at apecified times
or intervals by changing the type of particles code-
posited in the plated layer. Thiz potential for color
variation further enables manufacturers and cus-
tomeras to perform routine part replaccment pro-
gprams vin UV lght inspection. This feature iz eape-
cially wiable for the identification of specific
manufaciuring lots where conventional methodz of
marking are not sullicient or durable.

Thiz awthentication technology 15 further in-
tended to serve the currency and ticketing indus-
tries where connterfeiting is notorious and the prac-
tice of incorporating authenticating molerials, such
as precious metals, is already accepted. A few of the
powerful statistics on the magnitude of the problem
inn these areas inelude:

v An estimated 120 million in U.S, dollars were
counterfeited within the [LS., and another 4
Lillion were counterfeited abroad in 1994 alone
according Lo the Seerel Service,

« B0 million checka are forged in the ULE,, costing
businesses between $5 and $10 hillion according
to o recent American Bankers' Asspelation sur-
VBN,

* Losses from  counterfeited  and  feaodulently
used credit cards totaled $1.3 billion in 1995,

* Food stamp fraud equaled 5513 million in 105
aceording to the U8, government.”

For the purpose of suthenticotion the indicator
loyer peeds only fobe & to 12 microns (0000205
00005 in.) thick with o denzicy dependent oo Lhe
particles used.

Hand-held, batterv-operated UV lighis  are
readily available and make inspection for the indi-
cator layer at the operating site Fasl and convenient,

COATING SPECIFICATIONS

The most developed metal mateix of the composie
light-emitting coatings to date is EN (an alloy of
BE-98% nickel with the balance of phosphovos, bo-
ron, or o few other possible elementzl. These coat-
inge can be tatlored Lo mect the specific require-
montz of an application with the proper selection of
the nickel's alloying clementis) and their respective
percentages in the plated layer. EN 15 commonly
produeed in one of four olloy rapges: low {(1-4% P,
medium (B—-5% Pl or high (10-12% P} phosphorus,
and electroless nickel-boron with L5 o 3% B, Each
variety of EN thus provides properties with varving
deprees of hardness, corrosion resizLonee, nonm;g-
pelism, zolderability, brightness, internal slroess,
and lubricity.”

Application of composite light-emitting coatings
is subject to the same challenges involved in othor
varietios of composite EX plating sinee it requires
the introduction of im=eluble particulats matter into
the plating bath for eodeposition into the coating.
The natural ineompatibility belween an inherently
unstalble, surface-area-dependent plating bath and
an extraordinary loading of insoluble particles has
been overcome by the precise addition of particulate
matter atabilizers (FMS) a= shown in U5, Patentds
4.997 686, 5,145,517, and 5,300,330, The methods
digelosed therein have made composite EMN plating
relinble and commercially viable by modilving U
Zeta potential (or charge) of Lhe pacticles, Foe light-
emitting particles, specific PMS additions must b
made. Coatings contaming light-omilling particles
i addition o ancther variety of particles reguire
apecial PME additions or combinations

Az wilh conventional EX, light-emitting composite
enatings can be applied to numerouws subsirales inclod-
ing metals, alloys, and neneonductors with outstand-
ing uniformty of coating thickness (o complex geomet-
rice. These coatings may further be heat treatod after
plating to enhanee their hardness and their odbesion
to the subsirole. Mozt composite EM coatings can
operate at continuous temperatures of 400°C (750017,
They bhave o shear steengih oft 20,0000 fo 45000 i
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(133-310 MPa) on aluminum substrates, and 30,00 SUMMARY i M Lnl
to BO000 pei (207-414 MPa) on steel substrates” Phosphorescent particles are capable of being incor-
Light-emitting particles suitahle for composite BN porated into a variety of coatings to produce light
incorporation can be up to approximately 10 microns in emitting elfects “”"_‘]*‘-!' Ly l_'lf—.fm- Tllli'-‘i recent and
size, Development to date has fecosed on particles with novel development iz useful in wear indication and
narrow size distributions in the range of 1 to 5 microens, product authentication situations.

Depending on the particle sizes and certain plat-
ing conditions, light-emitting coatings can be pro-
duced with a particle density of up to 40% by vol-
ume, although denzities of 15 to 25% are commaon for
most commercial applications. When composite lay-
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