APPARATUS AND SYSTEMS FOR COATI NG OBJECTS FI ELD OF THE | NVENTI ON The
present invention relates to apparatus and systens for coating objects,
and, nor ewpanddudsarly, relates to continuous belts andpsyatsesvs/obgre1 coati ng
obj ects. BACKGROUND & DI SCUSSI ON I n the manufacture of products, such as
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pi pes, and the IAMBARNTUS ANDYSYSTERIS FOR'COAPING aBJEQTS onal role in
the final assenbly. In order to prepare these parts for final assenbly, a

coating material is typically deposited on at |east portions of the part.
In many instances, the entire part is coated to provide a finished

appearance to the part and/ r; ' ﬂgi@g to the underlying
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exanpl e g4 s can be spread and | oosely placed on a flat netal mesh
conveyorm%{erﬁét) lOP%?:%N gh-speed coating. The parts are transferred to one or

nore additional belts prior to the parts being processed through a drying

unit. I'n many instances, BACKGROUNDaY DISCIUSIION in close proximity to or

engage each other while passing through the coating and drying systens such
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final assembly, a coating material is typically deposited on at least portions of the

part. In many instances, the entire part.is coated to provide a finished
appearance to the part and/or provide protection to the underlying substrate from
15 damaging effects as a result of use, wear, and/or environmental conditions.

Because of the substantial number of small parts employed in the
manufacturing industry, various coating techniques have been employed for
depositing material on these parts at high speeds. For example, small parts can
be spread and loosely placed on a flat metal mesh cohveyor belt for high-speed

20 coating. The parts are transferred to one or more additional belts prior to the
parts being processed through a drying unit. In many instances, the individual
parts come in close proximity to or engage each other while passing through the
coating and drying systems such that when the coating is applied over the parts
and dried or cured, two or more parts may adhere together at the point of

25  engagement (known as a “touch point”). These coated parts must then be
separated from each other with some degree of force that, typically, results in the
removal of at least some of the coating from each of the parts at or around the
touch point. Touch points may also be formed when a part touches the side of
the conveyor. Additionally, even if no contact is made between parts or the

30 sides of the conveyor, contact is still present between the part and the conveyor



si des of the conveyor, contact is still present between the part and the
conveyorbelt that it is resting on, and a touch point is present at each
poi nt of wonb@oross7th the belt. This is particul arly thecraseonsn2s721

el ectrophoretic coating processes that require the conveyor belt to be in
el ectrical contact with the part to supply the necessary charge prior to or
at the tinme of coating. At the very least, the touch point provides an
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15 QUality standards, the supplier employing this"bo‘a‘ﬁ'n’g technique may find it
- necessary to incur time and cost consuming efforts to sort and scrap non-
conforming parts. o
Apparatus and/or systems that can rﬁéterially reduce or avoid the
shortcomings discussed above and/or improve\éoating and manufacturing
20 efficiency, while providing a coated part that meets or exceeds functional and

aesthetic quality requirements, are desired.

SUMMARY OF THE INVENTION

The present invention provides a continuous system for the
application of a coating to an object. The system comprises a continuous belt
25  comprising at least one supporting member positioned to retain the object
thereon, a drive member in operative engagement with the continuous belt, a
coating unit in communication with the continuous belt, and a drying unit in
communication with the continuous belt and the coating unit and arranged such

that the object is coated and dried on the continuous belt.



that the object is coated and dried on the continuous belt.The present
invention also provides a continuous belt for coating an object through a
cont i nuouwsOzo@X20857Syst em conprising at |east one supp@ctiusgoosmpedrer
positioned to retain the object thereon, the supporting nmenber conprising
at | east one bl ade nenber conprising a plurality of projections, at |east
one of which is positioned to contact the object. The present invention

al so provides a cop hredersinRehtior lsoGRalides sacorithiuetis Beltrforgbatingant i nuous
coating system The continuous belt conprises: a first continuous
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respects, ‘the present invention provides processes for the el ectrophoretic
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15  the plurality of projections; and a pair of side members cbupled to the first
continuous supporting member and the second continuc‘)us'supporting member,
at least one of the side members being electrically coupled to the plurality of
grounding members.

The present invention is also directed to procésses for coating

20 objects. The processes comprise positioning the objects on a continuous belt
comprising a supporting member positioned to retain the object thereon,
conveying the continuous belt with a drive member such that the continuous belt
passes through both a coating unit and a drying unit, coating the objects on the
continuous belt with the coating composition, and drying the objects on the

25  continuous belt.

In other respects, the present invention provides processes for the
electrophoretic application of an aqueous electrodepositable coating composition
to objects on a continuous belt comprising a supporting member positioned to
retain the objects thereon. These methods comprise: feeding the objects on the

30 continuous belt; positioning the objects on the continuous belt, wherein the

supporting member comprises a blade member comprising a plurality of saw



retain the objects thereon. These nethods conprise: feeding the objects o
the continuous belt; positioning the objects on the continuous belt,

wher ei n twe 28eqaRessvi ng nmenber conprises a bl ade nenber eoammS2EisOES7a1
plurality of sawmeeth arranged to contact the objects; conveying the
continuous belt with a drive nmenber such that the continuous belt passes

t hrough both a coating unit and a drying unit; electrophoretically coating
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BRI EF DESCRI PTI THE W N The far. i t he
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under st agde Wishb&eR%roliderst Bletricancuntalt poriohb pentdeting teelegtrical n t he
drawi ngs: FIG 1A 1s a perspective view of one enbadi nent of the continuous

belt of ¢dndagimeston of theesideanembewith ghe &irst pebardty & the eleskpAs #@ vi ew of
one por tion, of kS GRAIAY RikinBS teenfSting! thdShAR &R ESUPThG théBlectrical
15 contact portion of the side member to the plurality of projections.
It should be understood that this invention is not limited to the
embodiments disclosed in this summary, but it is intended to cover modifications

that are within the spirit and scope of the invention, as defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

20 The foregoing summary, as well as the following detailed description
of the preferred embodiments, will be better understood when read in
conjunction with the appended drawings. In the drawings:

FIG. 1A is a perspective view of one embodiment of the continuous
belt of the present invention;

25 FIG. 1B is a perspective exploded view of one portion of the
continuous belt, as illustrated in FIG. 1A;

FIG. 1C is a perspective exploded view of one portion of the
continuous belf, as illustrated in FIG. 1A;
FIG. 2 is a side elevation view of the continuous belt absent the side

30 and guide members, as illustrated in FIG. 1A;

4



FIG 1Cis a perspective expl oded view of one portion of the continuous
belt, as illustrated in FIG 1A FIG 2 is a side elevation view of the
cont i nuousobedrozedsgent the side and guide nenbers, as ilPCuatseaspesen Fl G
1A;FIG 3 is a top plan view of the continuous belt, as illustrated in FIG
1A; FIG 4 is a side elevation view of one enbodi nent of the bl ade nenber
of the continuous belt, as illustrated in FIG 1A} FIG 5 is a side

el evation view i Hgsi@hiae pldrViely ofitné bonaandusiousadilistratedfh GIGLA absent
t he side and gui de nenbers entering or exiting the coating unit (not shown)
of the fdesent invention; FIG 6 is a side elevation viewillustrating
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It is to be understood that the Figures and descriptions of the present

invention have been simplified to illustrate elements that are relevant for a clear
15 understanding of the present invention, while eliminating, for purposes of clarity,

other elements. Those of ordinary skill in the art will recognize that other

elements may be desirable in order to implement the present invention.

However, because such elements are well known in the art, and because they

do not facilitate a better understanding of the present invention, a discussion of
20 such elements is not provided herein.

In the descriptions of the present invention, the invention will be
described and illustrated in the form of an apparatus for depositing a coating on
an object having a particular configuration. To the extent that this configuration
gives size and structural shape to the object, it should be understood that the

25  invention is not limited to embodiment in such form and may have application in
whatever size, shape, and configuration of objects desired to be coated. Thus,
while the present invention is capable of embodiment in many different forms,
this detailed description and the accompanying drawings disclose only specific
forms as examples of the invention. Those having ordinary skill in the relevant

30 art will be able to adapt the invention to application in other forms not specifically



what ever size, shape, and configuration of objects desired to be coated.
Thus, while the present invention is capable of enbodinment in many

di f f er entwbanem2o8shi s detail ed description and the accompanseeug/oes7ani ngs
di scl ose only specific forms as exanples of the invention. Those having
ordinary skill in the relevant art will be able to adapt the invention to
application in other fornms not specificallypresented herein based upon the
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approxi mations t fmay vary dependi ng upon the desired properties sought
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ordi nary roundi ng techni ques. Notw thstandi ng that the numer nges and
par anet etgedsietthe ggecification and claims are to be understood as being moéIF din &M
instances by the term “about”. Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the following specification and attached claims
are approximations that may vary depending upon the desired properties sought
20  to be obtained by the present invention. At the very least, and not as an attempt
to limit the application of the doctrine of equivalents to the scope of the claims,
each numerical parameter should at least be construed in light of the number of
reported significant digits and by applying ordinary rounding techniques.
Notwithstanding that the numerical ranges and parameters setting
25  forth the broad scope of the invention are approximations, the numerical values
set forth in any specific examples are reported as precisely as possible. Any
numerical values, however, inherently contain certain errors necessarily resulting
from the standard deviation found in their respective testing measurements.
Also, it should be understood that any numerical range recited herein
30 s intended to include all sub-ranges subsumed therein. For example, a range of

“1 to 10” is intended to include all sub-ranges between and including the recited



forth the broad scope of the invention are approxi mations, the nunerical

val ues set forth in any specific exanples are reported as precisely as
possi bl e.wongoamossri cal val ues, however, inherently contaTrSe@siasial errors
necessarily resulting fromthe standard deviation found in their respective
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st any NOgecessarily adjacent to the surface of the substrate. For example, a coating can
be deposited directly on the substrate or one or more other coatings can be
applied therebetween.
As used herein, the term “object” is meant to include all articles that
may suitably be placed on the continuous belt as set forth herein, particularly
20 those that may be coated for subsequent use. The term “object” is meant to
include, for example, industrial, automotive, and aerospace small parts that may
be used in the final assembly of products, such as, for example, stampings,
castings, seat and clamp assemblies, bolts, clamps, conduit, pipes, and any
other bodies employed in manufacturing. For illustration purposes only, and
25  without intending to limit the scope of the present invention, the object is
illustrated as a bolt with integral washer.
As used herein, the term “retain” and like terms means to keep or
support.
The present invention provides continuous systems for the
30 application of a coating to an object comprising a continuous belt having in

certain nonlimiting embodiments at least one supporting member positioned to



castings, seat and cl anp assenblies, bolts, clanps, conduit, pipes, and any

ot her bodies enployed in nanufacturing. For illustration purposes only, and
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is illustrated as a bolt with integral washer. As used herein, the term

“retain” and like terms means to keep or support. The present invention
provi des conti nuous systens for the application of a coating to an object
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15 many different forms, this detailed description and the accompanying drawings
disclose only specific forms of continuous belts as examples of the invention.
Those having ordinary skill in the relevant art will be able to adapt the invention
to application in other forms not specifically presented herein based upon the
present description. For example, in one belt embodiment discussed in detail
20  below, the belt may be formed from a series of belt segments that are affixed to
one another by means of coupling devices to form a continuous belt of a desired
length. The belt segments can be of any desired length, and the belt segments
that form the belt need not be of a uniform length. At least one supporting
member, such as a blade member, and in some embodiments a plurality of
25  blade members, may be affixed to the belt and act to accept, retain, and/or
convey, objects. The supporting members may include projections taking the
shape of, for example, a saw tooth cross-sectional profile that contact portions of
the object. In embodiments where the object is a bolt, for example, surfaces of
the bolt, including the bolt shaft, need only be in contact with the belt apparatus
30 atone or more relatively fine projection points along the length of the bolt.
Therefore, relatively small and, possibly, substantially invisible or unrecognizable



one another by means of coupling devices to forma continuous belt of a
desired length. The belt segnents can be of any desired | ength, and the
bel t segmeotzeodzeds7f orm the belt need not be of a uniforoTiusagsi2s7at | east
one supporting menber, such as a blade menber, and in sone enbodi nents a
plurality of blade menbers, may be affixed to the belt and act to accept,
retain, and/or convey, objects. The supporting nenbers may i ncl ude
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i nventi on. belt” 10 may be attached at | east one
that other conflguratlons such as, for example, an angled configuration, may be
employed and that such modifications are intended to be included within the
scope of the present invention. On belt 10 may be attached at least one
supporting member 12. The supporting member 12 may be in the form of
20 various conveying surfaces such as, for example, at least one and, typically, a
plurality of, blade members 14 to retain and/or electrically contact objects 20.
Supporting members 12 may include projections 21, as outward extensions,
from its base. In one embodiment, supporting members 12 have a thickness of
about 0.06 inches (about 0.15 cm). Belt 10 may have an open bottom portion,
25  as illustrated, to, for example, provide a greater degree of belt flexibility, to aid in
drying and cooling the coated object, and/or to avoid retention of coating material
as belt 10 travels through the coating system 50, described below.
When employed, blade members 14 may be positioned on belt 10
and may include a plurality of projections 21 (FIGS. 1B and 1C), at least one of
30 which acts to at least partially support or contact objects 20 at points of relatively

small surface area to minimize touch points. When coating system 50 is an



supporting member 12. The supporting member 12 may be in the form of
various conveying surfaces such as, for exanple, at |east one and,

typi cal | ywoaomaossii ty of, blade members 14 to retain amrdiars2@seetmeical |y
contact objects 20. Supporting nmenbers 12 may include projections 2 1, as
outward extensions, fromits base. In one enbodi nent, supporting nenbers 12
have a thickness of about 0.06 inches (about 0.15 cn). Belt 10 nay have an
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belt 10, and may be formed of a resilient electrically conductive material. In
certain embodiments of the present invention, blade members 14 may be formed
of a resilient, durable, and conductive material, such as stainless steel or mild
steel, which may, if desired, be further hardened by heat treatment. Blade
20 members 14 may be secured to belt 10 by any manner known in the art. For
example, and as illustrated, belt 10 may include one or more coupling devices,
such as elongated pins 22 passing through blade members 14, with elongated
pins 22 engaging side members 16 by, for example, tabs 19 extending
therefrom. Any suitable fasteners may be employed to affix elongated pins 22 to
25 side members 16 such as, for example, rivets, bolts, screws, and the like.

Blade members 14 may be arranged in any orientation suitable for
electrically contacting and/or retaining objects 20, such as, for example, in an
orientation substantially parallel to each other, as illustrated. The blade
members 14 may be spaced apart such that the distance between any two blade

30 members 14 is less than the length, width, or height of objects 20 to be coated,

to prevent passage of objects 20 through belt 10. When belt 10 includes side
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certain enbodi nents of the present invention, blade nenbers 14 may be
formed of a resilient, durable, and conductive material, such as stainless
st eel or wWDl2docaress?, which may, if desired, be further Rardsoedoksr2zheat
treatment. Bl ade nenbers 14 may be secured to belt 10 by any manner known
in the art. For exanple, and as illustrated, belt 10 may i nclude one or
nore coupling devices, such as el ongated pins 22 passing through bl ade
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parallel to each other, as illustrated. The bl ade_nenmbers 14 may be spaced
apar 5 sydacermant ofiebjests 2riodeeraiednoring enpgratipnabbat ABdheough ¢aatingss t han

the length, widt ar. hej | ect t : :
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arrangenent thereto such as, for exanple, dia
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10 tibr ouglsterndd0.ng system 50. Guide nenbers 23 that are shaped and oriented

el oyet gui de. bR alRg ThBIE: S lG SraraG: 4 Aan BRI R < 14 so
that obi pehinAficRibelfbilotBidioofh 8 bi¢ of deMRPpbHiohHI T dreréiees on bel t

10 as be travel s through coating system5 best illustrated in
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openisng gaistingHdviveo2m wiible, &4 MdetraRD & ad éldryateepiri 22. bf this
embodiment, the cross sectional diameter of elongated pin 22 may be sized
slightly smaller than the diameter of the opening to aliow blade members 14 to
freely rotate around pin 22 at pivotable portion 15 as belt 10 changes its direction
of travel from, for example, a generally horizontal to an angled direction of, for
20 example, 15° to 20° from horizontal, such as when belt 10 travels into or out of
coating unit 74, described below. In addition, each biade member 14 may
include a slotted portion 17 that may be an open or closed notch at an end
opposite pivotable portion 15. Slotted portion 17 may have any height suitable
for receipt of elongated pin 22. The notch height may be slightly larger than the
25  cross sectional diameter of elongated pin 22, and the notch length may be any
length that allows relatively free pivotable and/or lateral movement of blade
members 14 of belt 10 at an end opposite pivotable portion 15. For example,
elongated pin 22 may allow blade members 14 at slotted portion 17 to freely
pivot, expand, or coniract as belt 10 changes direction, such as when belt 10

30 - travels around bends through coating system 50.
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coupling device 22, which, as illustrated, is an elongated pin 22. In this
enbodi ment, the cross sectional diameter of elongated pin 22 may be sized
sl i ghtly woabdenrogshan t he di anmeter of the opening to al Powusb@de2srenbers 14
to freely rotate around pin 22 at pivotable portion 15 as belt 10 changes
its direction of travel from for exanple, a generally horizontal to an
angled direction of, for exanple, 15 to 20 from horizontal, such as when
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partlal independent movement of individual segments of belt 10 through the
coating system 50.
It is contemplated that the belt components, such as blade members
14 and elongated pin 22, may be adjustable and positionable to retain objects of
20  varying sizes such that a single belt 10 may be employed on a production line to
coat a series of different sized objects having, for example, differing diameters,
lengths, and the like. In this form, belt replacement could be reduced or
substantially eliminated between runs of various sized objects (e.g. bolts of
differing diameters or lengths) or entirely different objects (e.g. a run of bolts
25 immediately followed by a run of clamps).
When the process for coating objects 20 is an electrophoretic
coating process, belt 10 of the present invention may include at least one
electrical grounding member 28, and typicaily includes a plurality of grounding
members 28 positioned along belt 10 to insure a satisfactory ground for the
30 electrical circuit in the process. When employed, electrical grounding members

28 may be positioned at a bottom portion of belt 10 below blade members 14
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pin 22 fromthe open end of slotted portion 17. In this manner, the

st aggered, overl apping arrangenent of blade nenbers 14 allows relative and,
at | east ,wpantd/bssindependent novenent of i ndividual segoEnissooshnzgreit 10

t hrough the coating systemb50. It is contenplated that the belt conponents,
such as bl ade nenbers 14 and el ongated pin 22, may be adjustable and
positionable to retain objects of varying sizes such that a single belt 10
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bl ade ne as illustrated. Typically, (l;;rogndi ng nenbers 28 may be
fornmed of an el eddmunding/mesnirs Z8vpayprevideladidgealicontantirorshdelli t h t he
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conduct i MacHRbRY Edhneds fo elongated pin 22 by grounding connectors 29, such as ,
grounding cables, that provide electrical conductivity through grounding
members 28 to elongated pin 22 and through side members 16. Suitable
grounding cables may be lug-to-lug flexible braided grounding cables identified
as Modeil 69925K32, commercially available from McMaster-Carr Supply
20 Company, Atlanta, Georgia. Grounding connectors 29 may be held in place by,
for example, rivets, bolts, screws, and the like to provide electrical contact
through belt 10. Grounding connectors 29 may also be formed of an electrically
conducting material, such as mild steel, stainless steel or aluminum, so that as
belt 10 is conveyed, such as by rotation, by a drive mechanism, grounding
25  members 28 may contact one or more components of coating system 50 to
electrically ground belt 10.
It is contemplated that various other support members 12, as
conveying surfaces, may be employed in the present invention in place of, or in
addition to, blade members 14. Suitable support members 12 may include, for
30 example, grating strips having a plurality of projections, such as those
commercially available under the tradename GRIP STRUT, from McNichols
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as alum num stainless steel, or mld steel. Gounding nenbers 28 may
provide el ectrical contact through belt 10 by any neans known in the art.
For exanpWwe,2ogviaessdi ng nmenbers 28 may be el ectrically ceomast@d/onsr2i

el ongated pin 22 by grounding connectors 29, such as groundi ng cables, that
provide el ectrical conductivity through grounding nmenbers 28 to el ongated
pin 22 and through side nenbers 16. Suitable groundi ng cables may be
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15  through connectors 29. Coupling devices 22 are electrically coupled to at least

one of side members 16.
At least one of side members 16 is electrically coupled to conductor

72. As such, objects 20 being conveyed by belt 10 may be electrically charged
by conductor 72 due to the electrical coupling of conductor 72 to the projections

20 21 supporting object 20 through side member 16, pins 22, connectors 29,
grounding member 28, and supporting members 12. As shown in Fig. 7,
conductor 72 is electrically coupled to side member 16 prior to side member 16
entering the electrodeposition tank of coating unit 74. In one embodiment,
conductor 72 is electrically coupled to side member 16 through one or more

25  wipers (not shown), such as copper leaf springs. Exemplary wipers are
disclosed in U.S. Patent No. 3,669,870 and U.S. Patent No. 3,607,711, the
disclosures of which are expressly incorporated by reference herein. In one
embodiment, electrode 72 maintains electrical continuity with side member 16
through the wipers.

30 In one embodiment, belt 10 is a component of a continuous coating

process wherein objects 20 and belt 10 are moved through a coating unit 74 and
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supporting nmenbers each formng a continuous |oop of belt 10, such as | oops
13A and 13B illustratively shown in Fig. 3. In the illustrated enbodi nent,
each row w0 2bdcadessmenbers 14 is coupled to a respectivePcouskéosg2gtevi ce 22,
illustratively pin 22, and is coupled to a respective grounding menber 28.
G oundi ng nmenber 28 is electrically coupled to at | east one coupling device
22 t hrough connectors 29. Coupling devices 22 are electrically coupled to
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el ect rod@%@%ﬁﬂdf%ﬂ@@r@m@@ eleghic 6‘h'?t?ﬁhli3@t§ﬁ’%nt‘ﬂe§§r%e 48 't hr ough
the wi pe@ miidt RGBS REMOAYS bdfiol PasBeBARRN ORI fOM | nUouS

coating &erno | ects and t 10 noved "t hrough a coating
uni tj74 andsubseqgueasitd gmbbdimuett, a diiedi argl/ancuregoatingds seredvediemn, t he

t f belt 10 includ . |
lni 66 SBeBABPET 4RO BIPYIURARAICEDRR SNSRIy e A e dured
coat | N9, TRIUQsri¢ BRRIRDRPEE SHE MerhBBr 6 @@im@@a \bitﬁldeﬁrﬁtqmlér@ 14 and

obj ect s prior to receiving additional objects 20 for coating. Further,
as st at edf dlectode 78 adddpcaiioraprier teeihieraideimamberid G reatednd i @mkofes, such

Rt EUEREEIG R ety L L R

15 member 16 is electrically coupled to electrode 72 the plurality of projections 21,
and hence objects 20, are electrically coupled to electrode 72. In one example, -
electrical contact between side member 16 and electrode 72 is proximate to a
position just prior to wherein side member 16 is reentering the tank of coating
unit 74.

20 Turning now to FIG. 7, the continuous belt 10 of the present
invention may be employed in a continuous coating system 50 that may include
a drive mechanism or system 60, 82 in operative engagement with belt 10 for
rotation as an endless system through an optional pretreatment unit 70, coating
unit 74, rinse unit 76, and drying unit 80. Coating system 50 employed in the

25  present invention may be any system for coating objects 20 known to those of
ordinary skill in the art and may include, for example, electrophoretic or
electrodeposition coating systems or processes. Although any continuous
coating system may be employed, for illustrative purposes only, and without
intending to be limited to any particular embodiment, the continuous system 50

30  will be described and illustrated in the form of an electrodeposition coating

system for coating metallic objects 20.
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coating, and/or to pronote electrical contact between el ectrode 72 and side
menber 16 prior to side nenber 16 bei ng passed through coating unit 74. In
one enbodvoendc/02085dri ed and/ or cured coating is renovedpCrarse@sadeseenber 16
to provide an electrical contact portion, such as bare nmetal. The

el ectrical contact portion of side nenber 16 is contacted with a first
polarity of electrode 72 at a location prior to the side nenber 16

reentering the tapkoahh &®fidt$90 Why bémarifallg¥BH JnieBeha0etontimiouee t he
f de nmenber 1

el ectrical contact pofrtion of si is electrically coupled to

el ect r odeatitg skistepi 60 dypicallyoincivdep @r ohjast feedingamachanis® ¥bj¥ct s 20, are

electrically coupled to electrode 7 Ln e | cont act
bet ween €74 nﬁEﬂﬁ%‘?t'% (° r?ﬁgﬁwpoq})ﬁe% to g’g&(}g?&tﬁgk §89®b§ﬁ%%@€@%rgnﬁj] ust
prior t [EinBlugiede: ABPEEGT54L 6or feceR@T 8bullicadeoftabidctsR0g antliong ami t 74,
Tur ni ng%%}evﬁt}gl FIG 7, the conti nuougﬂgjelt 10 of the preseﬁt, i r?\?gntion may

be efipl oyerd ¢anveyernd® fardirnspesinthebiegts EemSRASAOHIAR $IHRITVNY WHS ve

mechani gsm_or. ste : hn j ]

e iR O o RIS S BRARIBIERY cHhidhbrel o8, baen
coat i ng dgnblit Mét limites o, Wbélt ¢onveyot, alchidinganvieyof@ pledatntgnsggdrem 50

enpl oyed in the present invention may be ang system for .c aéi ng objects 20
klnovvn t @ravibseonieyer and4hg likgi Fpeﬂwg{rﬁ@cl&@m ﬁh%fm%y ?‘ﬁ%l"ﬂfglé,e?or exanpl e,

el ectro i o B i ' : i gesmses. Al t hough
any conlt%l%ﬁt(fgh{slg%%asto ﬂh’?%@?%%ﬁg;yb@%”e%%@%ﬂ, f'b?rqbljﬁgltg Pative pur poses )
onl yp ardnmueytosé ontd beltl8g Reedbwy mecharidnt 52 aayd, yaets spacificallitbodi nent, t he

conti nuous syst 50 will be scri ped L Llus t 0t f

1 et o8NS e: hnaerc ISR EnPT BPechuty A\ GEEAN ity eI S, Al  hough
0bj ect S i EiulTP BBsERA WRlihdn{ il PG dielduchs, faNdiamSlEsic@slrbamimy,st em SO
typicall'y includes an object feeding nechanism52 for recejving, orienting,
and/ or frandomgmabjecthat mayavaid piling. offabients 20nert hakildmFeding cal | y

oS BEe e3P iR Ao B A 8L L dpingne o
queys in the art, or may be assembled from various conventional hopper, sorting, and
conveying components. For example, if objects 20 to be coated are threaded
bolts, suitable bolt hopper, bolt sorter and bolt conveyor mechanisms are
commercially available from Spectrum Automation Company, Livonia, Michigan.
It is contemplated that various object feeding mechanisms 52 may be employed
20 in the present invention.
In particular, the path of each object 20 on conveyor 56 is along a
path that is in general alignment and engagement with belt 10, such that objects
20 may be placed and retained on one or more projections 21 of blade members
14. The projections 21, such as in the form of saw teeth, act to support and/or
25  retain objects 20 on belt 10 and provide contact therewith at one or more fine
points along their length. As objects 20 are fed from feeding mechanism 52 onto
belt 10, objects 20 travél along a path of the belt 10 as it is conveyed, such as by
rotation, by drive mechanism 60 and/or 82. The drive mechanism employed in
the present invention may be any known mechanism for driving known
30 continuous belt conveyor systems, or it can be of the type that is shown in the

Figures. The drive mechanism 60, 82 may be in operative rotational
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to a pick-up point at belt 10. Conveyor 56 may be of any conventional type,
such as, but not limted to, a belt conveyor, a chain conveyor, a platform
conveyor ,we 2gv602085y conveyor and the |ike. Feedi ng nechaoiraise&a/onsry1 al so

i ncl ude a conventional sorting device 58 for orienting or distributing

obj ects 20 from conveyor 56 onto belt 10. Feeding mechanism 52, and, nore
specifically, conveyor 56 may feed a plurality of objects 20 onto belt 10

by meth ‘ﬁ@a@@Hen‘fQﬁWbéle'B?% e%@kﬁ'@m{ t§'thdde bf‘orﬂ"}%r?rsklll intsdaps, for

exanpl e, 'n“a stream ng, random manner that may avoid of obj ects 20
on bel t sui6h aéehtle)@m}ﬁehbynamnsenwjﬂl@?mlﬁaﬁatﬂ@@gﬁﬁ@’émheirﬂlﬁé?ﬂﬁ @h may be

h
convent aaraORBsERanheel2 Shoeert Bl e RIBHG (o HEBARLURYS |
obj ect s {fn bP chEInGRBH R ra eRtcnafRpstasktAstidiy, the terngthlof begt! 10 foampeide bol t

sorter and bolt conveyor nechanisns are commercially avail abl e from

Spectr urmeveroent ﬁodmeltﬂ)&padycomsamwnﬁy ton th%}én?o IThﬁ" §P@%P§Pﬁlt 4PedSt hat

event: GRRvRRee Y i BEREN ST 62, rBlbe B B PEGE thi it TFoREAIRR, | ¢
al ong aé%%bblatlbﬁwltrﬁtherbrmm%tahhlah b@;emwmaawd bemwmm cmm/byuem 10, such
t hat objects 20 may and retained on one or é&i grog ectlons 21

of bl ade‘\lﬂ”@hﬂﬁlértbeﬂte qfﬁéa\{ﬁl 6’Jf belt18iBroygh cagfng Hystem A Ysaw t eet h,
act to ﬁ'%féo?ﬁ Lo AR Rin- ﬁl’?l‘itﬁ'!q:%rﬂﬁbﬁﬁﬁeﬁwtgocd?ﬂlnl%hg lih@ ep?’BS‘lhcﬁf Vr'nggjb%ont act

t her ewi at  one or ol nts al on herr ects 20 are
f ed 10r opérizeicdoatrt: 0 Haek mnrﬁmuw(bStmdeterSLper rrm]uﬁebs 20 travel along a path

f the belt 10 t b [
20 and/or 82 ThdisvEsTRL RIS WETeTackss R Fopnay sllecthotils PBn my be
any knovwgje bﬁ&b&@ﬁn@pmee@g LNAVs SREAHREPJRRIoh doivigyRocsssst ens, or

It can be of the type th I's shown in the Fi %ures The drive mechani sm 60,
82 nmy Heeli 10 opthreapriesent invantiommayrigalydawideasiamenipetiicel gpuadipdneans known

convent | BAESS 3P0 BRA PP & BHEARY B are e BResmb il 3 BB RospTbet upee
82 grgagm id nkare 8 satisciBryesend fortheklgbttedi tirchig in the process.

Before depositing coatings on the surface of the object 20, it may be
necessary to remove foreign matter from the metal surface by thoroughly
cleaning and/or degreasing the object surface. In this regard, optional
pretreatment unit 70 may include a cleaning system that prepares the surface of

20  objects 20 for coating. The surface of the object 20 can be cleaned by any
physical or chemical means known in the art, such as mechanically abrading the
surface or, as is typical, cleaning/degreasing with commercially available alkaline
or acidic cleaning agents that are well known to those skilled in the art, such as
sodium metasilicate and sodium hydroxide. Non-limiting examples of suitable

25  cleaning agents include CHEMKLEEN 163 and CHEMKLEEN 177 phosphate
cleaners, both of which are commercially available from PPG Industries, Inc. of
Pittsburgh, Pennsylvania.

Following, or in lieu of, the cleaning step, the surface of the object 20
may be rinsed with water, typically deionized water, in order to remove any

30 residue. Optionally, the metal surface can be rinsed with an aqueous acidic

solution after cleaning with the alkaline cleaners. Examples of rinse solutions
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formof chain nmenbers extending substantially the length of belt 10 to
provi de novenent to belt 10 and, consequently, to objects 20. The speed of
belt 10, e 20@meessed by drive nmechani sm 60, 82, may be a@&CTasgospeszdithat is
i n operative association with the speed at which objects 20 are being fed
from conveyor 56. Although the rate of travel . of belt 10 through coating
system 50 nay be at any rate, in certain non-limting enbodi nents,

conti nUOM%Iuld'er‘rﬁlldPbPQHSE%%'&ldF@&SIe%ﬁeI%eéJ&f ﬁ?%@ﬂll&e%ﬁr@%@%luﬂbﬁwe ( 1.5
meters per m nute i scussed above, when the process for coating

obj ect's Q@nmraallyeaeauam@mdesmrweomalhygm@ddaefﬁ exane avetal

el ectrode on, coatin t 1 rese tLon m
i ncl ude B i{g@ngp]rgcg[sg %&%Cégﬁd?ﬂ%%ﬁe%éa&ig's'”&nﬂ% ?&%ﬁ%ﬁ% W g
plurali tﬂaéﬁ"n bﬂqﬁémeﬂsﬂbﬁéﬁeﬁ&sm@@&fth@@lﬁjéct)zo ke bthidi® tdrapémsuee a
satisfactory groun for e electrical circuit in the process. Before

depos t:c ng coat i rigptiomaltyhe phasphete- basqdw?rasfﬂaémenter CORVeFSiPNH®alBEessary to
Gogr eas! (3T PHEPBBHLES t1d 8Pkl o0 WHeN ot 25 efide e huAc kuBa 68, 00 2001 '

70 nmay i 8oltatsle phosphate m\&ysbamotahﬁg cpnmmsnemstuheluele rtm@@aamdiwnm s 20

for coating. The surface of the object 20 can be aned any physical or
cheni cal 2FesHE 36606 RWSPH@teatqpt'o%anQQ'fWé’c‘H@hPE‘%@F)’@%F%’I eFEe sur f ace

or, as 'éalE?ﬁPﬁ Gban é%l@fﬁ”éﬂ% JECEET @t.ﬁa@aﬁs <Mdns é’éadédéhbéda' kal i ne

or aC|d|ccean|n agent are we ovvntot ose skill nthe art,

suchl(s sokil&rﬁaten‘alsio‘sl@,a'gé W&Mﬂ;&&gﬂwﬂcﬂ4ﬁ930m23815ﬁ&an® exanpl es of
sui tabl e cﬁégtaﬁ(gg agents include CHEMKLEEN 163 and CHEMKLEEN 177 phosphate
cl eaners f which are commercially available from PPG | ndustri es,

Inc. of PittsburghdriREHT¥hEARM Eﬁéh@mm B epldyedittofry ah@forc! eani ng
step, the surface ofnyt ggﬁo bj ectgﬂil:ne l e rynsegm\%ﬁ tyh vvgter ) typically

dei oni zegraksaépbjeicts %@srthey) paeﬁﬂveug%pm’ré%atmﬁﬂt uit § opaen i, being met al
i ace ERgR oL e b eI AR e B B BB iRy 1o vt
aci diz ckeawgts tiosehsidifed imethdidriirRiyid éinplaeiddn petieatoment unit 70, such
as for example, infrared, electron beam, actinic radiation, convection, induction,
and combinations thereof. Pretreatment unit 70 may also be hooded, as
illustrated, depending on the cleaning soiution employed.
Objects 20 to be pretreated with a cleaner and/or a conversion
20  coating can be conveyed through pretreatment unit 70 by any of the
mechanisms known to those skilled in the art, such as any chain driven
conventional flat-wire or chain linked continuous belt, a barrel, and/or a basket,
among other means. In certain embodiments, objects 20 are conveyed through
pretreatment unit 70 by a chain driven balanced weave belt (which comprises
25 alternating left and right hand spirals joined with crimped connectors), such as is
supplied by Cambridge International, Inc., and Ashworth Brothers, Inc. In certain
embodiments, the balance weave belt has elongated loops which allow a
supporting member to pass through the balanced weave.
Following the optional pretreatment stage, and prior to or upon
30 entering coating unit 74, objects 20 may be charged by a conductor 72.

Electrical current is applied on one polarity from conductor 72 to the
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commercially avail abl e and conventionally used in, for exanple, netal
pretreat ment processes. The object 20 may be air-dried using an air knife,
by fl ashiwg 20ddfo2085¢ wat er by brief exposure of the objeeCcTaB2e05/02872i gh
tenperature. Optionally, a phosphate-based pretreatnent or conversion
coating can be applied to the object 20 when object 20 includes a netallic
substrate. Suitable phosphate conversion coating conpositions include those

known | rblé@l‘?o@ééﬁos(i:tgcﬁﬁgatﬂsar?d RGhBIPPRERE oLagf?% top J:dr?dmﬂ'\/éib%ﬁ 109, hdni ckel

i ron, nmanganes I'um magnesi um or Cco Usef ul phosphati ng
conposi ttherebyaioeoljestsrdtbdd the pib@ssiefttbaprogant inyara®ngobjesh 4055833 939;

4,941 ,930; 5, 238,50 653,,790. . A _dryinal h ' ' b
ool oy ecP 8 @IS oes B taing St it aD e A SR SoRThBELR, et r oat men
unit 70 Qekebdd ande &%Jrfdiéﬁéﬁ@ﬁo&@&hé’c%biiﬁﬂmér@e@%bh%dé@hb 74. Any drying

and/ or preheating nethod known to those skilled in the art may be enpl oyed
i n prset releciedepasitiablercpatingctprapositien.exanpl e, infrared, el ectron beam

Bretreat mont - unt 1C9GSAY B8 PRSP AT e BERSRERSSRIIIERE 0 o1 ¢ e
cl eani notheidilddR’ Epsreiachf thbickstddPobitalile dontiastiueld placétd m cl eaner

and/ or a conversion coating can be conveyed through pretreatnment unit 70 b
any of twtﬂébw&maﬁrﬁéeﬂﬂéﬁbg’ endusve agrdp asd ¢athe g‘rﬂo,” RAFSRIGLT A chai ny

driven c t] l, of = Wi ' | e ' , a barrel,
and/ or ﬁ'gé@{%&ﬁ@ﬁgﬁéﬁ %?mdee%@%%eg.gﬁ?%atﬁer éugH e 5%'il‘lt(r)rméﬁ]tés)l,eth%bj ects 20 are
onvry edelebirodgbogiable eavnpesitionwill déposiy irra shhstantially eontbalcuscednneave bel t
c

(which conprises alternati ng lLeft and right ha?nﬂti spirals joined with

cri mped eBiRebiseER0 sendng 38 sithes thepnede gl they PPE@QePﬁFQWH(RW onal, Inc.,

and As h"‘@lh%fhﬁrtﬁ’é BSﬁl\%ﬁisiéi%ﬁ-if l'aﬂid?ﬁééll@id? c%’ﬁf_@ﬁﬂ:iagﬁ eotrodepobitdimace weave bel t

has el ongated | oops all ow a supportin m‘:)er to pass through the
bal ancedAiteawgh affpkLitablayottage opay beasmpleoyrd tacharge congyetiveabelt 4P or to or
vpon the voltage employed may be dependent on the size and shape of object 20 to
.15 be coated, and the applied coating material. Electrodeposition is usually carried
out at a constant voltage ranging from 1 volt to 7,000 volts, and typically between
50 and 500 volts. Current density is usually between about 1.0 ampere and 15
amperes per square foot (10.8 to 161.5 amperes per square meter). If the
coating material used is anionic, belt 10 is supplied with an anionic charge,
20  whereas if the coating material used is cationic, belt 10 is supplied with a cationic
charge.
Coating unit 74 may contain an electrodepositable coating material,
drawing such material from, for example, a pump well, a storage unit, such as a
feed tank, and may be positioned to coat all or a portion of objects 20 on belt 10.
25  Coating system 50 may also employ a recirculation system that allows coating
unit 74 and the storage unit to be in fluid communication. Any electrophoretic
coating unit may be employed in continuous coating system 50 of the present
invention, such as, for example, an electrodeposition tank, and the like. As
illustrated, coating unit 74 includes an electrodeposition tank. In addition, in
30 certain embodiments, coating unit 74 may comprise an electrodeposition tank

that includes means for agitation of the electrodepositable coating material
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entering coating unit 74, objects 20 may be charged by a conductor 72.

El ectrical current is applied on one polarity fromconductor 72 to

t heel ect rwoep@#i208s6n bath and in the opposite polarity troTtuseoosoesiacti ve

belt 10, and thereby to objects 20. In the process of the present

I nvention, object 20 serves as an electrode, typically the cathode, in an
electrical circuit conprising the electrode and a counter-el ectrode that

are i ”“%'Ec?r%lﬂ r;(hgre%l %al»'@seaﬁqgg, ggg?f?&?%v b&Br&iaRbt BEnsaMBRHdtionn of

General I'y, he process ying the el ectrodepositable coating, the
aqueous tiké sfetmideposition lianle by feedinie pus cleabiodepositakie cpaling mgiedaldata n

contact with an electrically conductive anpde and. cat . .nassage of

an el ecte\rgUEtQ’fﬁrppémonSgtaﬁ%@]ﬁ}en oup ke %Ogg}%%bag',n%a#@g 'J'ﬁﬁ@gﬁppﬁm 019 t he

el ectr Oéﬁﬁﬁﬁbﬁ %Eé;?bé@i%@@dtﬁéé? tiakihg BRIFORD, tation n@as tiestoprdfitael y cont i nuous
e obj

manner omn t ect 20 serving as either the anode or the cathode
depefidi rdeatrodeposition tahks, byinsbiling oaerssarsangs oadisghargeddei oni cal | y

el ectrod sitable.. Al theugh ._S] : to charge

conduct iSectiAqPosga o e ah s fi (PR 39 pBRAnE BN g

shape ofqpbject 20 to be coated, and the applied coating material.

El ectrodeposition is usually carried out at a constant YOl t(f.ge angi ng from
ARG 8.2

1 volt to 7,000 vidiaelectipdergsiiQrubatp RRRREHOB D3yHke SHW ent
densi Ly Lol U BERRTHe 88imd oPHETRLENPRJRrf Y B8 dobmayar e oot

( 10.8 B res per’square neter e coating rateri al’ used is
ani qoi ¢, artehiaylddnprissg pésircus\phhsadispersed in arhaggeousimediass. iThet he coat i ng

material used is cationic, helt 10, .is supplied wt .cationic charge.

Coat i ng fefinousphase iegHdas ﬁt%g'ﬁ-fer@m%’@@BE%W'BBP%G@d@?'?ﬁ&aﬁa@i’?%ﬁ% dr awi ng
such mater| JPeBR idr 1 ding taticnieh as a

f eed tan% égﬂr?gién’%gbgégép%@%??ng%atﬁo coa?&gjlulbn'oc?’g gf)?}?)?:on o_fatl)bj ects 20 on
bel t 10.elEcaddeypsigbleecodihgnenmpositorenphe electrastsiposiiabieicoatisgst em t hat

e SRR Ko s Mo iy S e AL o
systigm SGh@h dubigRiget®Rbiving functional groups reactive with the active hydrogens
of the ionic resin.

As used herein, the term “reactive” refers to a functional group that
forms a covalent bond with another functional group under suitable reaction
conditions.

20 Non-limiting examples of anionic electrodepositable coating
compositions include those comprising an ungelled, water-dispersible
electrodepositable anionic film-forming resin. Examples of film-forming resins
suitable for use in anionic electrodeposition coating compositions are base-
solubilized, carboxylic acid containing polymers, such as the reaction product or

25  adduct of a drying oil or semi-drying fatty acid ester with a dicarboxylic acid or
anhydride; and the reaction product of a fatty acid ester, unsaturated acid or
anhydride and any additional unsaturated modifying materials which are further
reacted with polyol. Also suitable are the at least patrtially neutralized
interpolymers of hydroxy-alkyl esters of unsaturated carboxylic acids,

30 unsaturated carboxylic acid and at least one other ethylenically unsaturated

monomer. Yet another suitable electrodepositable anionic resin comprises an

20



I nvention, such as, for exanple, an electrodeposition tank, and the |ike.
As illustrated, coating unit 74 includes an el ectrodeposition tank. In
addi ti on,worno@meanb&rn enbodi nents, coating unit 74 may CceOpUSI@sMARS721

el ectrodeposition tank that includes neans for agitation of the

el ectrodepositabl e coating material stored therein. For exanple, agitation
may be provided at or near the bottom of the el ectrodeposition tank by

f eedi ng RR-SGfddIQLGRATIL, abs,l % GERicid GortBIrig ah dIRreRiHah@BA At | oned

al ong the bottomportion of the coating unit  74. I'n addition, agitation may
be di recalcmhydemesma\’eir@wcnbem arlionicelectrodeositehte tesm g@mpAsition

el ectrodeposij tion. t I ncl udi n er. arran C he

el ectro&® Isteétﬂ‘B(e ?rﬁgof@artegmoglsq:aoé %%&éﬁ%]%%%t%%% E:joatl ng
bel t 10,y Eaﬁalﬁh@@ @%@mélwag ezFtdt C@P@Qﬁ\b%lm T&End ok Mo, ﬁuesima a tank
as one enbodi ment in the systems of the present invention,

pol yfrer “?h Qtheresid Boepipnaleclymers eauglspr used speh §§cﬂ>hi0ﬁpﬁﬁt'%eous
nmear um e re
can comps i BnPtaeed stiEhetrhptLe A el bARRLTGRTRRAEA" I

typi cal jn#&aktl oni ¢ el ectrodeposi tabl e coating conposition. The

el ectrodepositabl e coating conposition typically co ctive
hydr ogen group- cét a&n@ieﬂgg ig neantdBahtheRplymen s ﬁgb%g%@f?jyﬁ%ﬁﬁ Ag functional

groups & ﬁgsthnY( YA hég%na}ﬁfrfﬁ \hg ﬁ%ﬂgt &in BQ%?&E’JrEd WF%eriSf%l vaged

herein, ¢ Cerf reaceiVe unctronal group that rns a
COVabentm onuitablé bolent. hEhe fnilms*.m mwbsgy ofip pohydser iswart iabicatiosat itson

condi tions. Non-| t f I trod bl
conpos! melesulauraiae haslod Bhiyrer; Ay i CHTIaE ST LR dhSpr R o

el ectrog Frﬁ’iﬂgéb ﬂ@‘gnﬁ‘)@&fﬁﬂél thIPﬁQi/é‘%nrlﬁﬁin&c F¥ ey aso PiigH td meF m ng

resins suit r use in a 1 oni ¢ el ectrodeposition coating conpositions
are basewmeasunel i zed, carboxyllc aci d contalnlng pol ymers, such as the

\rM_e? ﬁt ;ogi g;?gg§;|%h 16 eﬁgr%creotfo Re VbR sty Y Wit Uarty bigaddHid y acid ester
15  polymers are known and can be used in the compositions of the invention so
long as the polymers are “water dispersible,” i.e., adapted to be solubilized,
dispersed, or emulsified in water. The water dispersible resin is cationic in
nature, that is, the polymer contains cationic functional groups to impart a
positive charge. Typically, the cationic resin also contains active hydrogen
20 groups.

Examples of cationic resins suitable include onium salt group-
containing resins such as ternary sulfonium salt group-containing resins and
quaternary phosphonium salt-group containing resins, for example, those
described in U.S. Patent Nos. 3,793,278 and 3,984,922, respectively. Other

25  suitable onium salt group-containing resins include quaternary ammonium salt
group-containing resins, for example, those that are formed from reacting an
organic polyepoxide with a tertiary amine salt. Such resins are described in U.S.
Patent Nos. 3,962,165; 3,975,346; and 4,001,101. Also suitable are the amine
salt group-containing resins such as the acid-solubilized reaction products of

30 polyepoxides and primary or secondary amines such as those described in U.S.

Patent Nos. 3,663,389; 3,984,299; 3,947,338 and 3,947,339.
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anhydride; and the reaction product of a fatty acid ester, unsaturated acid
or anhydri de and any additional unsaturated nodifying materials which are
further rwecved208svh pol yol. Al so suitable are the at | eastuspasiesibki y
neutralized interpolymers of hydroxy-alkyl esters of unsaturated carboxylic
acids, unsaturated carboxylic acid and at |east one other ethylenically
unsat urated nononer. Yet another suitable el ectrodepositable anionic resin

conprises anal ky%ﬁ{agng It frRibChtaihin® resthsV@dicsibBdGpdivaidrengedn al kyd
resin and an am neal dehyde resin. Yet another anionic el ectrodepositable
resin cdnpositinatiorcwitpra losked isedyanraterairipy agantsiThedsogqysingls camhese

e b Bk Rl S Rblegt B2 ol e bR it s o
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resins suit e onium salt groupcont al nl ng resi ns SU_Ch as ternary

sul f oni uNos&B4@3garcbetusedi MYse uselubindhe ejeclredenasitablesqsiivsi um
salt-gr o&g)mggg}&gri]él 'oP &ergrseisgﬁf in]:/grr\tioenxg@!h%Setp%%ﬁR/ely charged resins that
15 contain primary and/or secondary amine groups. Such resins are described in
U.S. Patent Nos. 3,663,389; 3,947,339; and 4,115,900. U.S. Patent No.
3,947,339 describes a polyketimine derivative of a polyamine such as
diethylenetriamine or triethylenetetraamine with the excess polyamine vacuum
stripped from the reaction mixture. Such products are described in U.S. Patent
20 Nos. 3,663,389 and 4,116,900.

In one embodiment of the present invention, the cationic resins
suitable for inclusion in the electrodepositable coating compositions useful in the
present invention are onium salt group-containing acrylic resins.

The cationic resin described above is typically present in the

25 electrodepositable coating compositions in amounts of 1 to 60 weight percent,
preferably 5 to 25 weight percent based on total weight of the composition.

As previously discussed, the electrodepositable coating
compositions which are useful in the present invention typically further comprise
a curing agent which contains functional groups which are reactive with the

30 active hydrogen groups of the ionic resin.
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described in U S. Patent Nos. 3,793,278 and 3, 984, 922, respectively. O her
sui tabl e onium salt group-containing resins include quaternary anmoni um
salt grouweocom@issing resins, for exanple, those that areTfuseovsg2g7zpm
reacting an organi c pol yepoxide with a tertiary amne salt. Such resins are
described in U S. Patent Nos. 3,962, 165; 3,975,346; and 4,001 ,101 . Also
suitable are the am ne salt group-containing resins such as the
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of the present inl&h
15  an active hydrogen-containing anionic electrodepositable resin in amounts

ranging from about 5 percent to about 60 percent by weight, preferably from
about 20 percent to about 40 percent by weight, the percentages based on the
total weight of the resin solids in the electrodeposition bath.
Curing agents that can be employed for cationic electrodepositable
20 coating compositions include blocked organic polyisocyanates. The
polyisocyanates can be fully blocked as described in U.S. Patent No. 3,984,299
column 1 lines 1 to 68, column 2 and column 3 lines 1 to 15, or partially blocked
and reacted with the polymer backbone as described in U.S. Patent No.
3,947,338 column 2 lines 65 to 68, column 3 and column 4 lines 1 to 30. By
25 "blocked" is meant that the isocyanate groups have been reacted with a
compound so that the resultant blocked isocyanate group is stable to active
hydrogens at ambient temperature but reactive with active hydrogens in the film
forming polymer af elevated temperatures, usually between 90°C and 200°C. |
Suitable polyisocyanates include aromatic and aliphatic
30 polyisocyanates, including cycloaliphatic polyisocyanates; representative
examples include diphenylmethane-4,4'-diisocyanate (MDI), 2,4- or 2,6-toluene
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suitable for inclusion in the el ectrodepositable coating conpositions
useful in the present invention are oniumsalt group-containing acrylic
resins. TWe 20&t(20857Cc resin descri bed above is typicallyPpraseons/ozsr2t he
el ectrodeposi tabl e coating conmpositions in anmounts of 1 to 60 wei ght
percent, preferably 5 to 25 weight percent based on total weight of the
conposition. As previously discussed, the el ectrodepositable coating
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at oms s @hPalycaRicRGiene diolsand triols NGQIPH sAuivalant FRiRgEale” thanth net hanol

bei ng p(r]cegegélrsgqj 'fgq'(ﬂopl ast resins are comrercially avail able from Ameri can
Cyanam -under the trademark CYMEL and from Monsanto Chem cal Co. under

t he 1tor ademar k REF éepilyisbbpamate mpingstgeris angtypipaily uititized iryporjehciorut i | i zed
in conjunction with an active hydrogen-cont ai ni, ani onj.c .

el ect r od#ifd&he eRIIQNIG ERFIR N AMOYHTH FAYING, Pﬁb?f”ﬁ%ﬂ%ﬁ?%op%‘srwgﬁhtto about
60 perc bARs: f\RERRL YefdMttARSWeidht REtERNbated dpoHe 40 percent
by wei gﬁ‘%%rctgﬁté\gggﬁ%%ggd;ggsﬁgggegeon t he tot_egal? mﬁght ofa the resin solids in
t he el ecweigtiepbtie iotal resintsolids preseragompositicnt. can be enpl oyed for cationic

Fe)IO|e>c/it gggigﬁ; tegfol ﬁ}égaﬁé&% &S 8§iiti5}1§) of tﬂenﬁtle%gﬁt fﬁk/8ﬁ§5"ﬁi afd mie(form of

15 an aqueous dispersion. The term “dispersion” is believed to be a two-phase
transcoating, translucent or opaque resinous system in which the resin is in the
dispersed phase and the water is in the continuous phase. The average particle
size of the resinous phase is generally less than 1.0 and usually less than 0.5
microns, and may be less than 0.15 micron.

20 The concentration of the resinous phase in the agueous medium is
at least 1 and usually from about 2 to about 60 percent by weight based on total
weight of the aqueous dispersion. When the compositions of the present
invention are in the form of resin concentrates, they generally have a resin solids
content of about 20 to about 60 percent by weight based on weight of the

25  aqueous dispersion.

Electrodeposition baths useful in the present invention are typically
supplied as two components: (1) a clear resin feed, which includes generally the
active hydrogen-containing ionic electrodepositable resin, i.e., the main film-
forming polymer, the curing agent, and any additional water-dispersible, non-

30 pigmented components; and (2) a pigment paste, which generally includes one

or more pigments, a water-dispersible grind resin which can be the same or
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pol yi socyanates can be fully bl ocked as described in U S. Patent No.
3,984,299 colum 1 lines 1 to 68, colum 2 and colum 3 lines 1 to 15, or
parti al | ywbl2owkeossand reacted with the pol ymer backbonepra3/use®snesred in
U.S. Patent No. 3,947,338 colum 2 lines 65 to 68, colum 3 and colum 4
lines 1 to 30. By "blocked" is neant that the isocyanate groups have been
reacted wth a conpound so that the resultant bl ocked i socyanate group is

stabl e tfraeht ﬁgnfﬁ@mmgmn%rmﬁgwemﬁa,aé;strcﬁ\ahy,tadmg sechbg h active
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2,4- or dafsdcd'8h9Ehissocyanate (TDI), including mxtures thereof,

p- phenyl ene diiSocyanate, tetranethylene and hexanet hyl ene diisocyanates,
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of phenyl.net hane:4,4" - dii t. I i te.
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i ncl ude WéigphBayédeh heaewdight oft thd elesrodapeasition baticyanat e prepol yners with

pol yol s such as neopentyl glycol and trinethyl olgggpan .and with rgg]gl ymeric
t

pol yol s such as peRsiéepivaieicthenaupaissmadivn may i ARAIA ratio
reater 1 : Yy '
g it ugan @da?@s%afﬁ]g@i@gwsj.mn@uag PRHBORS IEHdIBeteRt s are

typi cal | d”in-con hthe cationic resin i n anmunts
r angiong dthers dnavketiniesp diheamefdrredboslesging sobrendsincludecalcabolsy palydisnei ght

percent to 45 wei ght , based t.h i.ght of th I i | i
P csont EBhEEONERo PRI CAARSID SevBDS IDFBAS StProReneh BT ent | on are.
in the fonmnekafd %?E')?\B\ﬁwé?'ﬁﬁ%f%%en%nb?éfﬁﬂéﬁ&@ﬁd prépylens glhebl eved to

be a two-phase transcoating, translucent or opaque resinous systemin which
t he resiand thd monbethyl,spenciadylsrs manehexyletharsesf 6tbyleneghecatodhPnuous -

ItO Egﬁei_ ylgﬁﬁ\ﬁﬁéfﬁ%?eqlg%ri& gcl)lee/ﬁa{]éqeﬂ §fe HGels SbOOVS.ANARE25 Deleit'sabhy ! ess
15 as from about 0.05 to about 5 percent by weight based on total weight of the
aqueous medium.

As discussed above, a pigment composition and, if desired, various
additives such as surfactants, wetting agents or catalyst can be included in the
dispersion. The pigment composition may be of the conventional type

20 comprising pigments, for example, iron oxides, strontium chromate, carbon
black, coal dust, titanium dioxide, talc, barium suifate, as well as color pigments
such as cadmium yellow, cadmium red, chromium yeliow and the like.

The pigment content of the dispersion is usually expressed as a
pigment-to-resin ratio. In the practice of the invention, when pigment is

25  employed, the pigment-to-resin ratio is usually within the range of about 0.02 to
1:1. The other additives mentioned above are usually in the dispersion in
amounts of about 0.01 to 3 percent by weight based on weight of resin solids.

The present invention may also employ non-electrophoretic coating
compositions. Suitable non-electrophoretic coating compositions can be any of

30 a variety of coating compositions well known in the art and the specific

composition utilized is generally based upon the final appearance and
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mcrons, and may be less than 0.15 nmicron. The concentration of the

resi nous phase in the agqueous nediumis at least 1 and usually from about 2
t o about 8O 2pevmesst by wei ght based on total weight of e/ usqusoesT21

di spersion. Wien the conpositions of the present invention are in the form
of resin concentrates, they generally have a resin solids content of about
20 to about 60 percent by wei ght based on wei ght of the aqueous dispersion.

El ect rogﬁggﬁﬂnfahea g@ngﬁéﬁie%ﬁs?bdiw thB&sRf eFBRExampRtheRoar e typically

supplie two conponents: 1) "a clear resin fe_ed, whi ch i ncl udes
gener al |glectraphaxreiiv eodtjniy co@positinn sani beya lignidccaativgtaasaReaiten abi'e resin,

i.e., the main.filnformng pol r. the curi Ntq, .; addi ti onal
wat er - disaoﬂi_garpﬁr%‘l"%?terﬁﬁﬁi Sf%en? 8§W§8Frﬁ8ﬂ Q‘?m@ﬁaﬁ‘gg) tse{“%%g%@ﬁ%{- paste, which
gener al |gjeétRsiiHiEEC BOSLR cOMDBSIbASRAG Shose Ysttferth th BSrBateneNgr.i nd resin
whi ch can be the same ordifferent fromthe main-fjilmformng polymer, and,

opt i 6nal6,§76,828i whicksisdnedrpasataghereig byrreferepee §1 kg eatively. El ect r odepositi on

bat h conponents : i ' ' i-¢h
conpri ses water g%%{e?rﬂ&é@v%&%@%%rt?%{j%%:&\?grﬁsggdﬁﬁﬂé% egﬁ@c}g@ggi tion
thgl |0; ﬁrbfrﬁafrﬁ?rﬁtﬂinii W&ﬂb}o@aghg?ng 7r4e$>i2elg 1@ angipariculady blade mentbens
W thin e range of abou to t L.ght, b
PN AT AL TR T S AR
al so_cont gl BocRBheSEEs 8PL V0 deBRIdnGIRAIAH HoRBofith 1B Rirer nCl ude
g, talcohbl's, e

hydrocar esters, ethefs an etones. The preferred
coal @sci gugatingl T4 Asdestdluatratatoing; | Q &, polotatde pokiinroheandSieited i ¢

" ophor deton e IRAYD GHTaRBiRe Y I PEs BRSO RA B0 and ¢ he
conl escl A Y B e o O s Stian o from
about 0. 58t 10 fresbuenterpend exits boativg ghit 7danken the eeating il ¢hemployha
aqueous (g)eaqunlér?ank, as illustrated. As a result, coating materials in coating unit 74 may

15  be readily applied to each object 20 positioned on belt 10.

Coating unit 74 may also serve as a reservoir to collect excess
coating material from the exterior surface of objects 20 as the coated objects 20
are carried away by belt 10 after coating, to prevent waste thereof. In this
manner, the electrophoretic coating may be deposited upon objects 20 to a

20 desired thickness based on various factors, such as the speed of belt 10, the
composition of the coating material, the temperature of coating unit 74, and the
like. Typically, the temperature of coating unit 74 and coating material is
maintained in the range of 21 to 38°C. Coating times through coating unit 74
may vary considerably and depend on voltage, temperature and composition of

25  the coating material, desired film thickness, and the like. Typical coating time is
2 minutes, and may range from 30 seconds to 5 minutes.

The excess coating material may be rinsed from coated object by
one or more rinsing units 76 positioned downstream from coating unit 74. Air
knives (not shown) may be employed to remove excess rinse water from objects

30 20. Rinsing unit 76 may include a recycle system for returning excess material
to the mother tank for reuse. Deionized water, municipal water, and/or permeate
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As di scussed above, a pignment conposition and, if desired, various
additives such as surfactants, wetting agents or catal yst can be incl uded
in the diwpengimmss7The pi gnment conposition may be of thecTarse@sioesianl type
conprising pignents, for exanple, iron oxides, strontiumchromate, carbon
bl ack, coal dust, titaniumdioxide, talc, bariumsulfate, as well as color
pi gnents such as cadm umyellow, cadmumred, chrom umyellow and the |ike.

The pi grgaih Mt@ﬂ&ra%nts%téih S'B%gy 28 us'éd%wﬁhwgqnaree@,égg nifteftal from
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of reS|ndggédchbniﬂmﬁnmggggﬂynlnventlon may al so enpl oy non-el ectrophoretic
coating conpositions ui'tabl e non-el ectrophoretic coatlng conposi tions can

be afy of a vari &36lt 3 W@@rmt%%ﬂtar@nQDR%W"Wﬁ@ﬁﬁ iobIet&28rt and the

specific

P chEATBEhHE I PO B g AbdoiBaTaoliRgn S0 ALigly appear ance
nonel ect Fgplothel teems daky’ ﬂ@rmms‘uwmgr mnntwdedltoummlddedmth dyingapdsi ti on
or in solid particulate form

, . a t t Sui t abl
&gneIGe(ét cWiihrlatene em&pfiﬁge%tﬁﬁ)gieﬁreﬂgg%ﬁ* 2 @bggldn@g%wiln\hr?@ S. UIDa? ent(:a
7 | I t
Ref er 11 e ianG Sl PRI PateF fof| ﬁ“&?"%@ﬁ‘f‘?@%’@?ﬁﬁ%ﬁ%hé? g
pr et roeat gearhbiemit terﬁﬁena‘lﬂr@ ardat fargedidining at elbeatedﬂ@mpmdw% {focul arly bl ade

S‘SSP?Tinéé‘%naeaé)oéﬁﬁpﬁ%b@%(éa&c‘;&%‘f&@ CTnEIERR Grod § A Mkl o)
from hor in%;mateaé é;eﬂhbeéleét‘?@éddwd 'ebb{éct 24 to Aserbesi tconkitivwisr stiffasienttoFl G 5,

pi vot abl e port| nd slotted portion 17 of bl ade nenbers 14 all ow bl ade
menber s ismmimo-mnafﬁnmm@wr@ ns 22 to provide relatively free

gl o ToveTent AR B eRFR e A SRSk A eRleh RS o2l ng,
a regyl t compakitiod, EBt,ebiclired icBripveitiong slmlltmédn Bwat any crosslinkable or
co-reactive components of the composition are at least partially crosslinked or
co-reacted. In certain embodiments of the present invention, the crosslink
density of the crosslinkable components, i.e., the degree of crosslinking, ranges
from 5% to 100% of complete crosslinking. In other embodiments, the crosslink
20  density ranges from 35% to 85% of full crosslinking. In other embodiments, the
crosslink density ranges from 50% to 85% of full crosslinking. One skilled in the
art will understand that the presence and degree of crosslinking, i.e., the
crosslink density, can be determined by a variety of methods, such as dynamic
mechanical thermal analysis (DMTA) using a Polymer Laboratories MK Il DMTA
25  analyzer conducted under nitrogen. This method determines the glass transition
temperature and crosslink density of free films of coatings or polymers. These
physical properties of a cured material are related to the structure of the
crosslinked network.
Generally, the electrodepositable coating compositions which are
30 useful in the present invention are applied under conditions such that a

substantially continuous coating having a dried film-thickness ranging from 0.3 to
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be readily applied to each object 20 positioned on belt 10. Coating unit 74
may al so serve as a reservoir to collect excess coating material fromthe
exteri or wonbh@oeoss? obj ects 20 as the coated objects 20praraseasnesdl away by
belt 10 after coating, to prevent waste thereof. In this manner, the

el ectrophoretic coating may be deposited upon objects 20 to a desired

t hi ckness based on various factors, such as the speed of belt 10, the

oS5 Dass ' ! ! ! !
conposi t3 Gl %é;?ocgggyrbra{a%m&%%uamﬁﬁohﬁm%af.grrﬁné)hmm@ pBg uni t 74,

and the T [ e tenperature of coating unit 74 and coating
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i
m nutes. The“excess coatl ng material may be rinsed from coated object by
one 6r madiatiohnedmegctiont induetipnsand @@mblr@amgthﬁaﬁf-fF@hﬁmPﬁeﬂg%)ﬁ@t 74.
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t hr ough i I'n order to provi ose non- pol | uting
systiem fBebtpetddrrangigrfromtBtetoc240@decomtis. diitaroatively, thei ceadidgisindse s 20

through dryi i i i i
her oi 1 tHESHGIS MiAJed CUTg tRpyies 28 JiegeT KPRV SreiBl: BEHENGA bot b
dryi ng %\éjridﬂjgér{@g\r% flrgm%;f‘oaﬁgi@%@baﬁag or hitnEseMticpdapebidied peekirmetal i s dried

by driving subs tia the sol vent and/or water fromthe coating
ei t her bgmpaptrarangingfroamBDet to EapYT HUGPE to R8BYCY.oFeeroametaliicat

e evet o LSTBRLE 8 Gl BB R T b8 0GB R 10
20 1 t headedn HesHticaBe sebséttate! iployed. ' : .
in one embodiment of the present invention, a cooling unit, such as a
refrigeration unit, a series of blowers (not shown), water misting nozzles, and/or.
a water bath, may be positioned after drying unit 80 to lower the temperature of .
objects 20 for handling and transport. Air may be blown over objects 20 at any
20  suitable velocity and temperature, and may range from, for example, 150 to
10,000 ft/min (0.8 to 51 m/s) at ambient. Typically, the cooling unit reduces the
surface temperature of objects 20 to below 120°F (49°C).
After exiting drying unit 80 and passing through the optional cooling
unit, objects 20 may be released from belt 10 by manual or automated means.
25  Suitable releasing means include mechanical assistance and/or gravity assisted
means wherein as belt 10 is conveyed over drive wheel 82, the movement of belt
10 around drive wheel 82, with the aid of gravity, acts to release each object 20
from belt 10. As belt 10 is conveyed around drive wheel 82, belt 10 may be
rotated, for example, from a horizontal position to an angled position, such as,
30 for example, at a 90 to 180 degree angle, as belt 10 make its return to the
feeding mechanism 52. Although belt 10 may be conveyed around drive wheel
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crosslink the co-reactive filmconmponents. Al so, as used herein, the term
"cure" as used in connection with a conposition, e.g., "a cured

conposi t iwn,2006ah6857 mean t hat any crosslinkabl e or co-reattise@soesTpDnent s
of the conmposition are at |least partially crosslinked or co-reacted. In
certain enbodi ments of the present invention, the crosslink density of the
crosslinkabl e conponents, i.e., the degree of crosslinking, ranges from 5%

to 100%gs aPQH?%ﬁ%I% i @86 bigdifent 8f BEhREsEEIAHIRIM, She BRgletsfoss i nk

density ranges m 35% to 85% of full crosslinking. In other enbaodinents,
t he crogstativn maydiet 1357 degressf soithaiahjecs 20umay fallicleat pbRalt 1AI@sRE!t one

skilled jn the art w |l wunderst t hat, the, pf. C ree.

crossl i nwizl%pvqyeg_e,\royﬁg #‘VSM?‘%%% %W?&at@@rﬁﬁ&d@t g'&(riﬁt%gg p@?/t 'dﬁ 13riet y
of et hoglgy sipHER pRsticly TADF BliRCMBMIRS 1uhalowBbladaahymberd DMi®) using a
Pol ymer Laboratories MK I11 DMIA anal yzer conducted under nitrogen., This

met hod cauthstantisdy fraedy mtatssanoundslengated @ipa? yMaralativpimavenant fiergltthsi ty of

free filns of coati B qalt ey 'Ig?‘eas rﬁ@é?'agﬂ |tp{qup élﬁ{irSFatQ a cured
mat er i am@y@%%ﬁg@taé%gf?g %Iltie s%sr uggﬂge ofé‘q E°CFssT i N eg etwork.

Gener al | yrouhbRirReaghssl @2pasd bther eetpainheels; @syihsttateds Thiirefeasmed amskef ul in
the present invention are applied under condition uch that a

subst ant¢eateq obisets ROGNRY Heit be genasitaryindegepiasie g‘f’ %&%@%ngangi ng from
0.3 to2. ' <0 oty rSe) | mils
(15.2 ton'E@.e hﬁﬁcés%w@?e(?@r}tﬁ}@déo@@%ﬁu%fobﬁ Im%w Sfaﬂcs:ée]gngfb@gréﬁ%cﬁés) 20. Any
met hod kieeding methasiensi2 foreeceipt bhadditibnalfohjests ) foneupppitiand coati ng may

be enpl oyed,  such as, for exanple, ,infrared, electron beam actinic
radi ati orrﬁte'&téﬂﬂ/@'@ﬁ?\%'ltﬂ h"rﬁ%‘@f‘g@rﬂd W% onbi nati ons thereof. For exanpl e,

drying unit 80 Of%g?ﬂﬁaq%éﬁ’ 5 B el dBBY cleBRIngYUMESs, duckadgant to the

coating by the co I'on of infrared radiation and convection. |In one
enbodi nertatable brispy as dhistrateds thatecieans thersurfasecefglhip kxnteduserbWlgppPi ed by

Fhocty SUGPER LT g v ot LR BB s % 200
secopys. mRinhissraat Xd ¥bjetle2® pabI ftOreeaVieadditional objects 20 for coating. .
In embodiments of the present invention that employ a rotatable brush, as
illustrated, the rotatable brush may be formed of any suitable material that
effectively cleans the surface of the belt 10, and may include individual resilient
bristles, such as carbon steel wire bristles, that provide effective cleaning of, for
20 example, the tips of the saw teeth and therebetween. One or more additional
cleaning units, such as a rotatable brush, may be employed after the release of
objects 20 to reduce coating buildup on, for example, side chains 16, to enhance
belt 10 to conductor 72 contact.
Although the coating system 50 set forth above has been described
25  as applying a single coating over objects 20, it is contemplated that more that
one coating may be deposited on objects 20. For example, two or more layers
of coating may be deposited on objects 20 by adding additional coating and
drying units to the coating system 50 described above, or by running coated
objects 20 through the coating system 50 one or more additional times, or by
30 running objects 20 through a combination of coating system 50 (when

electrophoretic) in conjunction with one or more non-electrophoretic coating
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cured using infrared curing techniques as are well known in the art,
typically for a period ranging from5 to 300 seconds or a tinme sufficient
t o obt ai rwe 2p@aikosset al t enperature rangi ng from 3000F t @C5AGRH5(018Y90C t o
2880C). For non-netallic substrates, the tinmes and tenperatures nay be

adj usted and depend, at least in part, on the particular substrate

enpl oyed. I n one enbodi nent of the present invention, a cooling unit, such

s 2, LelysRaRair Bbf o SURRGUEA & cblPILERIGN®O, shevsthingRlteé M sting

nozzl es /or a water be positioned after drying unit 80 to
| ower tmsoappen@n‘meacmtmgowéem @seto‘orthaabweng regrélyt Masisaime: of gue may be

bl own over 0 0.at..any _suitable | oci,t. and may
range frrgﬁjthdo(P @msg thf%)ﬁlggfdst%@yéﬁt ?Hgﬁgﬁapﬁté%d%e@qwﬁfh at anbi ent.
Typi cal | §6ophst theYrésshtumidntiopduces the surface tenperature of objects 20
to bel ow 120Q0F (490C). After exiting drying unit 80 and passing through the

opti énal cool i ng Uhe Presspf bwestion allaws isbjeds éabesopieshabioh sP§eEs manual or

andor - gheadt Pad b O R ER e T LG g TR IS ool =TV
wheel 8Zsurfdt@sml &eemarret d??bmehﬂlsérdamﬁgéﬂibyepWVMQ aXuppotting he al d of
gravity, acts to rel ease each object 20 frombelt 10

t 1
conveyedﬂgmhm@aamg/@n%émor@zan%m sone grabodmends atFéWA?’fyog SR I e froma
hor | ZO”t@dnt8&a¢5lh&%|6@%ﬁ% %'Si%ltf’?gf RRSHLED, Tﬁé’FéTa % al] ot uﬁé a 90 to

180 degree an eits returnto |ngrre anlsm52
Al t hioughmbgirhiniMizethe heuchopoieyeon Me)ub}dzctjrpmmomaamagrwnd aitef e, in one

enbodi nrent o he resent invention, e angle of rotation ma 135
degr ees, reggaI GLeYden @ WQWOJ‘%%%?pglfcaﬁ@lr‘tOfﬁS@QOﬂ@ c\éfgn%onveyed
around dgj %&%&ée §|2th Aé&t' Y& tcaitReph, ik ﬁe@enﬁmv@hﬁeh@%\ﬁd@@étsy@fer% and

slotted portlon 17 of mbers 14 al | ow bl ade menbers 14 to
subst antﬁoalcbgt|mg objects onatsmglemntﬁneo@&gatt #aropigh the cepting endwdryiegdnovenent

thereto pr. ans_f Lt 10 t 0
freely r%rl" gﬁ%&oﬁ%d’e&q f\%& bgﬁé@ns%é %? 8%1&‘ %?gggﬁﬁé'vﬁ?f ?ﬁﬁ]é)& the'
i1 ugs r ag @ cebss th@ldbzécﬁcin@nsemﬁbaﬂmhmmosmzmdmmmh@@f@ﬁs deposited in
receptacle 84 for packing or for

previous prior art coatlng techniques.

Whereas particular embodiments of this invention have been
described above for purposes of illustration, it will be evident to those skilled in
the art the numerous variations of the details of the present invention may be

20 made without departing from the invention as defined in the appended claims.
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further processing. Continuous rotation of belt 10 returns belt 10 back to
the feeding mechanism 52 for receipt of additional objects 20 for support
and ret enwpDanodiressewi t h for coating and dryi ng. Coati ngPEYAtSeonsH287ony
include a cleaning unit 88, such as a rotatable brush, as illustrated, that
cleans the surface of belt 10 to reduce buil dup of coating on the belt
surface and/or to pronote electrical contact between bl ade nenbers 14 and
obj ect s i t .vi ng additional objects 20 for coating. In
enbodingﬁ&¥QEF9F%£9%F§Zg%t invention that enploy a rotatable brush, as
illustrated, the rotatable brush may be fornmed of any suitable materi al
that effectivel | eans the surface of the helt 10 .and j ncl ude

| ndi vi dubl - eACPPEREOYS ?%%QFBB Pr@afcﬂp@gca@aw?ﬁ %?%‘E‘lg QranoReet ) es, that
provi de &ﬁﬁﬁﬁgkgp cl eaning of, for exanple, the tips of the saw teeth and

t her ebet ween. e or nore additional cleaning units, such as a rotatable
brusts, may bea eaplimyats bélt eomprisingaitdeast ame BHRAFtRg prerberresiianetbat i ng
bui | dup on, . f.or, ex side chains 16, to enhance belt 10 to conductor 72
contact¢94PFﬂ83§ﬁosﬁgkggﬂ?Pﬁg system 50 set forth above has been descri bed
as appl yi ng ag gtipgInfertipat imapstutive ehpagémerdwithtthe soatimicnpbelt;ed that nore
that one coating nay be deposited on objects 2Q0. For exanple, two or nore

| ayers of coa®icAgtingyniidn eepwaynieationwishthe canibruqis befliald additi onal
coating and dryi bt i I or by
Funni ng. coat ca bhfia Pl '3 gomuhificrR ki (1Y EbAmadlJesEphd TH E0atky

addi tg onahit bhdesrangedhyuchuithat the ailjgetds so2d dmddhied endbetvontiniiaus of coati ng
system 50 (when el ectrophoretic) in conjunction with one or nore

non- el ecP@l phoretic coatingsystens either prior or subsequent to coating
system 50. Accordingly, the description of the coating system50 set forth
above is nerely illustrative of one nethod of enploying the coating system
50, and 2s noThe systededf clairhilyihersis tbe sppportinghaepruss semprises @ least The

Var ous BERDs Beast SBetoHaird 8 HdalSicigRoRE Bhe bbb

15 thereon.
3. The system of claim 2, wherein the plurality of projections are a plurality of
saw teeth.

20 4. The system of claim 2, wherein the continuous belt includes a plurality of

blade members arranged to retain the object thereon.

5. The system of claim 4, wherein the plurality of blade members are

arranged in a substantially parallel orientation.

25
6. The system of claim 5, wherein the continuous belt includes side
members extending substantially the length of the belt, each blade member
being positioned substantially parallel to the side members.

30 7. The continuous belt of claim 6, wherein the side members are chain

members that operatively engage the drive member.
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surfaces will be marred or, otherw se danmaged, by providing a supporting
menber having one or nore, and in sone enbodinents a plurality of, small
cont act papnv&s/@bssng the | ength of the object. The rel atcralsgoosmed7kl cont act
points may mnimze the touch points on the object, pronote electrical
ground after repeated coating cycles, and/or pronote the application of a
snoot her coating on the surface of the object. In addition, the present

i nvention provides a systemfor coating objects on a single continuous belt
through the coating and drying units wi thout the need for belt transfer. As
a resul t8. t heThepystetreof daim ilnyherein ke suppertisg roembes conjpEises fay be nore

Lechni quataiis: Bade sarpet o ibnbba st onp eferBindins BATHLS hoen

descri beghriHeRus ﬁfén%rﬁﬁ&éépﬂfekﬁe‘nﬂﬁ@tﬁb%&ﬁmd h.wi |l be evident to those
skilled 1n the art the nunerous variations of the details of the present

i nverdti on may be made without departing fromthe invention as defined in

t he appepded £ ai ns. uy S . i ] for the

appl i catTon ofh%sg%sﬁH%gCll[aﬁ" %W(F%Ettﬁe 8%%@?'@@%5%%%8%%%% bel t

conpri si paraty beBlate MMEMBE RN Fachrgade Memnbgrasormprising a pivotable portiba obj ect

t hereon; a drive nenber in operative engagement W Efg the continuous belt; a
coati ng amd slotted emiRmieashi RN cANtigw el JAreeRi¥e SNRIPPIAREAPIR Tt yi ng uni t

i n commupj Ny ] ng% S it~and arranged
such tha&b%%é{’%ﬁfdyg%i%%@?géhan rl?e@%ﬁwgﬁu%iﬂl%%ntl ryt?gu%ség'gteeltr? 2. The
systm of claim1l, wherein the supporting nenber conprises at |east one

bl ade nenber conprisin lurality. rojections f ti th
obj ect ther eo_ﬁh‘angySt?ﬁbgga§FrBﬁ1v We&%/'aﬁﬁ? g,“p{}\ﬂéﬁn& 'Hgmp?@rrﬁf%ﬁpggé?;?ngf ©
Proj ecti gfa|RY 6f SaR'tobRl BihYe MerhBYts!RRARY a repeating cross sectional profile.

11.  The system of claim 10, wherein the repeating cross-sectional profile is in

15  the shape of a pruning blade.

12.  The system of claim 1, wherein the continuous belt further comprises at
least one electrical grounding member positioned to be in electrical contact with
at least one component of the system.

20
13.  The system of claim 12, wherein the at least one component is positioned
to be in electrical contact with a plurality of grounding members spaced on the
belt.

25 14. The system of claim 1, wherein the coating unit comprises an
electrodeposition tank comprising means for agitation of an electrodepositable
coating material stored therein.

15.  The system of claim 1, further comprising a cleaning unit comprising a

30 rotatable brush.
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4. The systemof claim2, wherein the continuous belt includes a plurality
of bl ade nenbers arranged to retain the object thereon. 5. The system of
clai m 4, wber@/nogshe plurality of blade nmenbers are arr 0gas$2005/028721
substantially parallel orientation. 6. The systemof claimb5, wherein the
continuous belt includes side nenbers extending substantially the |l ength of
the belt, each bl ade nenber being positioned substantially parallel to the

side menfper S-a donthifo S feeBEINGLh dted iftidligh-a ¥biRRidusidigiagde member s

are chai n nenbers 5@ operat i ve'P@ engége the™drive nenber.8. The system of
cl ai m 1,systesn etompriging abjsast ong suppbeingcmephes @osiiopedrtalretan 8ie bl ade

b t | east,. | appi n ' b
el ongat CPRNSREOBrdIe B HRSHEE MeSar, CONPARS 2] 1ot oBR RAGF R E8her oi ¢ ne
support idwnﬁﬂ%’rﬁ)@é pthgf%w SFesrofechbHS AtibAstPndbwRichRS beEBonedtd chhtade merber
a pivotable

conpri sing portion and slotted portion, each portion configured
t o réceithie objeat! ongated pin for operative novenent of the continuous belt
t hrough the conti nuous system 10. The systemof claim 1, wherein the
supporting nmenber conprises a plurality of saw tooth bl ade nenbers having a
repeati iy cr ofse s&triudte! bl s dldien 18, lwhdiein gxss@pparting Ineermbédincludessei n t he
repeating cross-sectional profile is in the shape of a pruning blade. 12.
The systapiupaliteofblade mambess arreneed i fetaiioihe ofdeet thareder conpri ses at
| east one el ectrical grounding nenber positioned to be in electrical
contact with at | east one conponent of the system 13. The systemof claim
12, p¢hergs.n ttige abntirersis keteofcdaiponZnvhemeintiss plusalitd of prdjectionschreca ri cal
contact with a plurality of grounding nenbers spaced on the belt. 14. The
syst em cplugalisy W {@fthei n the coati ng unit conprises an el ectrodeposition
tank conprising nmeans for agitation of an el ectrodepositable coating
material stored therein.

19.  The continuous belt of claim 18, wherein the plurality of blade members

are arranged in a substantially paralle! orientation.

15
20. The continuous belt of claim 19, further comprising side members
extending substantially the length of the belt, each saw tooth blade member

being positioned substantially parallel to the side members.

20 21. The continuous belt of claim 20, wherein the side members are chain

members.

22.  The continuous belt of claim 16, wherein the supporting member
comprises a plurality of blade members comprising at least one overlapping

25  section and connected by an elongated pin extending therethrough.

23.  The continuous belt of claim 16, wherein the supporting member

comprises a plurality of blade members, each blade member comprising a

pivotable portion and slotted portion, each portion configured to receive an
30 elongated pin for operative movement of the continuous belt through the

continuous coating system.
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15. The systemof claim11, further conprising a cleaning unit conprising a
rotatabl e brush.16. A continuous belt for coating an object through a
cont i nuousOoEI20857Ssyst em conpri sing at | east one supp@®criusgooseasyer
positioned to retain the object thereon, the supporting nmenber conprising
at | east one bl ade nenber conprising a plurality of projections, at |east
one of which is positioned to contact the object. 17. The continuous belt
of claim 16, wherein the supporting nenber includes a plurality of blade
menbers arranged to retain the object thereon. 18. The continuous belt of
cl ai m 124.whéfhe contireiopis el dftojaint 19y whersin thessaprortingimgmabet y of saw
teeth. 19. The continyous belt of claim1 erein the rality of bl ade
renber s CAaPRasA Bttty ch satoeBhpiRaf enten ParRaR tnpaihd sy The

cont i nuQiestiBRAltprBfilec! @i m 19, further conprising side nmenbers extending
substantially the length of the belt, each saw tooth bl ade nenber being
posi ti oned substantially parallel to the side nenbers. 2 1. The continuous

belt of ai m.,20 erei e e I : The
continu ben1- *ﬂe 8?%%%%{1&vﬁiélﬁb?%ﬁpﬁ§@@gﬁ)%ﬁcéé%'ﬂﬁe er'é'%%t'r?g%lses a

pl urali tpfomte iBlimeife sRApEeoSpLAY bisdag at | east one overl apping section and
connected by an el ongated pin extending therethrough. 23. The conti nuous

belt of claim 16, wherein the supporting nmenber conprises a plurality of

e oAt A SRR AIAAS R TBBlnG SFRENELAGdH 4 SbAMEROGSA 20T =L Ot ! e

porti on, ion configured Yo recelve a ongated pin operative
novegentsysternheormprisinguous bel t through the continuous coating system 24.

The continuous _belt of claim 16, wherejn the supporting nenber conprises a
plural ity of & COBINIHSEHPRAEHIG MEmash Aol 8 SeBRY RN o s SURRRI G al

Pr gfsis'_ gérgtélﬁqgﬁglﬁ@ce%@tédé%ea%p%?ﬂ frorffthe irétBorinublis s8pPoriRg memeat, ng
each of the first continuous supporting member and the second continuous
supporting member including a plurality of projections configured to support the

15 object;

a plurality of grounding members coupled to the first continuous
supporting member and the second continuous supporting member ét spaced
apart locations, the plurality of grounding members being electrically coupled to
the plurality of projections; and _

20 a pair of side members coupled to the first continuous supporting member
and the second continuous supporting member, at least one of the side

members being electrically coupled to the plurality of grounding members.

27. The continuous belt of claim 26, wherein the first continuous supporting
25 member and the second continuous supporting member each includes a plurality

of blade members.

28.  The continuous belt of claim 27, wherein each of the plurality of blade
members is arranged in an overlapping arrangement with two adjacent blade
30 members, each of the blade members including an open-ended slotted portion to

receive a pivotable portion of one of the adjacent blade members.
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profile is in the shape of pruning bl ade. 26. A continuous belt for coating
an object through a continuous coating system conprising: a first

cont i nuouwsoEPNss7TNng menber and a second conti nuous suppEUS2eVg/oasEber

| aterally spaced apart fromthe first continuous supporting nenber, each of
the first continuous supporting nmenber and the second continuous supporting
menber including a plurality of projections configured to support the
object; a plurality of grounding nmenbers coupled to the first continuous
supporting nmenber and the second continuous supporting nenber at spaced
apart | @t i ofise cohiinynus kelt ofclaim §Bowhdreig the phetable Ponipredieeach cal | y

o e filde ReesRphaaruRieibisboss LR rlialy hais Rl ualt BEnfFRRELR o

support 'é‘alrtgﬁﬁm?{)f tré«?el | asd cQﬁ‘%Lﬂfustmﬂt $h@9ldf§lftg@f%|@béiﬂg%baptdd teal |y

coupled to urality of grounding nenbers The conti nuous belt of
cl ai 26thev¢&u’r@ﬁ side merhberst, threspestve piupierch blgdawmeaberheinghe second

5. The (EoRVERLBIRS BRPRR IO hO i aNA R, D70 b ade

menbers is arranged in an overl apping arrangenent with two adjacent bl ade
nmenbers, each of the bl ade nenbers |nclud|ng an open-ended slotted portion
to recei¥® a pheepabneoysobelf ghclaim gRewserein h%@fLH@@MtOfIQIr%‘HBj'%nbers 29. The

conti nuo [ bl ade
menber i@‘%gﬁ%ﬁ%ggéfébgﬁg]té% loWS—i & gnfbr{&ethg ﬁf&n@ Eéexpgn@ t?‘gﬁgver se to
a difeect agdiy sédandetortfnuoos smppbrtrmembebebaced lapaxp)lfnmnathet plucdlitpofs bei ng
coupled to the pair of side menbers, the respective pin of each bl ade
member bRIORFNOBEei ved in the open- ended slot of the respective adj acent

bl ade nmenber. 30. The continuous belt of claim29, wherein the plurality of
groundi ng nenbers are coupled to a | ower portion of the first continuous
support &tnbeThe continuous belt of claim 30, wherein the plurality of grounding

members are coupled to the plurality of pins through a connector.
15
32. A process for coating objects with a coating composition, comprising:
positioning the objects on a continuous belt comprising a supporting
member positioned to retain the object thereon;
conveying the continuous belt with a drive member such that the
20 continuous belt passes through both a coating unit and a drying unit;
coating the objects on the continuous belt with the coating composition;
and
drying the objects on the continuous belt.

25 33. The process of claim 32, wherein the supporting member comprises at
least one saw blade member comprising a plurality of saw teeth arranged to

contact the objects.

34. The process of claim 32, wherein the supporting member comprises a

30 plurality of blade members arranged to retain the objects thereon.
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and the second continuous support nenber spaced apart fromthe plurality of
projections. 3 1. The continuous belt of claim30, wherein the plurality of
gr oundi ngwoentsanressar e coupled to the plurality of pins trorasgisa2grennect or.
32. A process for coating objects with a coating conposition, conprising:

positioning the objects on a continuous belt conprising a supporting nenber
positioned to retain the object thereon; conveying the continuous belt with

a drive @e"b%eﬁ%%%eg%‘f claltf 3A0WHeRMA U BRide RRPSSSS s anaigeatif aa coat i ng

unit and a dryi unit; coating the objects on the continuous belt with the
coat i ng sabstanéinlly parallehdrieintption. t he obj ects on the continuous belt. 33. The
process of claim 32, wherein the supporting nmenber conprises at | east one
saw bl ade nenber conprising a plurality of saw teeth arranged to contact

the obj egls. 13k prbk8sSLPERHR I wheibii tRe supherthigmehbes coptprisesa menber
conprises a plurality of blade nmenbers arranged to retain the ohjects

t her don gihﬂalifymfl t}dad&mlnlbeﬁsc parhrbiatle meshar conMpisNaPIYRIARIEROTHPR ar r anged
i tant]j : i ; i 32,
wher o n KIS PR, BashinatdrE R fda 16 feosiF af o TRRpB RirFIE T 52

bl ade MeyHepAtNEORRIVERiSH ORtHY ysitmdlogs@iti i on and slotted portion, each

portion configured to receive an elongated pin for operative novenent of
the continuous belt. 37. The process of claim 32, further conprising

DT et padd (Tt BRcRSE B RiEifiad, fullfler Gffbiidlag péeatitly hENDIpEIRgRRE 167 Cf 2l m

37, wher retreating s onpri ses yi ng a phosphat e- based

pr etjpeatiperbatingisteyg. 39. The process of claim 32, wherein the coating
conposition conprises an el ectrodepositable coating conposition conprising
an active hydrogen groupcont ai ni ng

38. The process of claim 37, wherein the pretreating step comprises applying

a phosphate-based pretreatment coating.

15 39. The process of claim 32, wherein the coating composition comprises an
electrodepositable coating composition comprising an active hydrogen group-
containing ionic resin and a curing agent comprising functional groups reactive

with the active hydrogens of the ionic resin.

20 40. The process of claim 39, wherein the ionic resin comprises a cationic

resin.

41. The process of claim 39, wherein the coating composition comprises:
(a) a first component comprising the active hydrogen-containing ionic
25  resin and the curing agent and
(b) a second component comprising a pigment.

42.  The process of claim 32, further comprising curing the coating on the

objects following the coating step.
30
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ionic resin and a curing agent conprising functional groups reactive with
the active hydrogens of the ionic resin. 40. The process of claim 39,
wher ei n tWe 20@i2e85resi n conprises a cationic resin. 4 1PCThs2@s028936 of
claim 39, wherein the coating conposition conprises: (a) a first conponent
conprising the active hydrogen-containing ionic resin and the curing agent
and (b) a second conponent conprising a pigment. 42. The process of claim

32, furtfer coHPpicdas ofeldinmd, Wherert thatddtinghgepbbRpriseEol | owi ng the
coating step.43." The process of claim32, wherein the coating step

conpr i sealeerepharefitopating coating. 44. A process for the el ectrophoretic
application of an aqueous el ectrodepositable coating conposition to objects
on a continuous belt conprising a supporting nenber positioned to retain

the obj egf s tApFE&SLs fol thePeREEBEhG@ABEpRIitatior! 6Fsh Bguédgs obj ects on the
continuous belt; positioning the objects on the continuous belt, wherein

the suppelecirodepasitoble eeating %@P%lm%ﬂéob@ﬁﬁe@n eciaptinypug Paltpl ural ity of

saw t eet us belt
with a a&?rﬁéﬁﬂ@%d?&pg)@gﬁ@ Er?e%m!}%} con nuouspﬂéﬁ%{é ngets?gggﬂfeﬁr ouqﬁebot h a
coati ng prdcts@odmpriding:ng unit; el ect rophor etically coating the obj ects on
the continuous belt with the agueous el ecgrodepoa tabl e coati ng

conposi ti on; ferdingr hermpiests %b?‘@%t'%o‘ﬂ?n eont i nuous belt. 45. The process
of claim a4, eﬁg\\f&{&a.ﬂg&ﬁgomﬁ?@&om@%ﬁu@ sHdiengRe. enrthgsw ket i al ly

paral l el ori ati o rocess o alm 44, urt onpri si ng
pr etreat megdeneoaiprseissa biaderm&mbeh eompasingy ptLarpIJty of saw teeth arranged

to contact the objects;
conveying the continuous belt with a drive member such that the
continuous belt passes through both a coating unit and a drying unit;
electrophoretically coating the objects on the continuous belt with the
15 aqueous electrodepositable coating composition; and
drying the objects on the continuous beilt.

45.  The process of claim 44, wherein the blade members are arranged in a
substantially parallel orientation.

20
46. The process of claim 44, further comprising pretreating the objects prior to

the coating step.

47. The process of claim 46, wherein the pretreating step comprises applying

25 aphosphate-based pretreatment coating.

48. The process of claim 44, wherein the electrodepositable coating
composition comprises an active hydrogen group-containing ionic resin and a
curing agent comprising functional groups reactive with the active hydrogens of

30 the ionic resin.
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47. The process of claim 46, wherein the pretreating step conprises
appl yi ng a phosphat e-based pretreatnent coating. 48. The process of claim
44, wher eW0 206v02e85@ct r odeposi t abl e coati ng conpositi on ecmus2@s®2&nl acti ve
hydr ogen group-containing ionic resin and a curing agent conprising
functional groups reactive with the active hydrogens of the ionic resin.49.
The process of claim48, wherein the ionic resin conprises a cationic

resin. S Thendp SHcl&ihPh8) WherelhfeSbRic RBIFEGthpRSes 8BRABAIC On

conpri ses (a) I rst corrponent conprising the active hydrogen-cont ai ni ng
i oni ¢ remEsin.and the curing agent and (b) a second conponent conprising a
pignment. 5 1. The process of claim44, further conprising curing the
coating on the objects following the coating step. 52. A process for

el ectricgh, COopRsi F@ce%ss%f‘&lﬁh 15, RheriMiRCédatgy BMpPosiAnh coHpHisebel t to a
first polari té an el ectrode during a continuous el ectrodeposi tion

coat ifg pr ocekd adfirst epmpgnghleemprisingithe Brive bydiegenrordainindiopies belt are
coated ipn |y cured, the process conprising the steps
of : engaﬁqsﬁbgﬁgih%ﬁ%égﬁggﬁé he continuous belt to propel the continuous
bel t; renmoving )& Sl @@apbm@qtfddwmﬁsmg alpti@m@aﬂber to provide an

el ectrical cont act portion; contacting the electrical contact portion of

the side menber with the first polarity of the electrode at a | ocation

et "2kt TheBroREacss aRTAR! Afet BEmbRSIg APhCRBRARAgIane oot [ o]

cont act port| on e nmenber to ections. 53. The
process objectsfolivwing theesagtingtdtep.st ep of renoving a cured coating fromthe
side nenber to provide an electrical contact portion includes the steps
52. A process for electrical coupling a plurality of projections on a continuous
belt to a first polarity of an electrode during a continuous electrodeposition
coating process wherein a plurality of objects and the continuous belt are coated
15 in atank and subsequently cured, the process comprising the steps of:
engaging a side member of the continuous belt to propel the continuous
belt;
removing a cured coating from the side member to provide an electrical
contact portion;
20 contacting the electrical contact portion of the side member with the first
polarity of the electrode at a location prior to the side member reentering the
tank; and
coupling the electrical contact portion of the side member to the plurality

of projections.

25
53.  The process of claim 52, wherein the step of removing a cured coating
from the side member to provide an electrical contact portion includes the steps
of
positioning a brush proximate to the side member;
30 brushing the side member to remove the cured paint to produce the

electrical contact portion.
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of positioning a brush proximate to the side nenber; brushing the side
menber to renbve the cured paint to produce the electrical contact

porti on. 5%0 200v2p850cess of claim 52, wherein the step ofcraispéosngs7ehe

el ectrical contact portion of the side nenber to the plurality of
projections includes the steps of: providing a plurality of grounding
menbers which are arranged generally transverse to a direction of travel of
the continuous belt, the plurality of grounding nenbers being coupled to a
plurality of blade nmenbers each of which includes a portion of the

pl uralitp4of phejprocesmef claiml 52owpkieig thdﬂetqu ofrciupling diie glemtniciing menber s
to side ne

are coupF@gPaP{)pgéllogv@q% cfe*fc&s@%ﬁgrttﬁéh%p "WV‘V{}%{S&QB l%mgwéqbngpgggger >
apart frampgshss: plurality of projections.
5 providing a plurality of grounding members which are arranged generally
transverse to a direction of travel of the continuous belt, the plurality of grounding
members being coupled to a plurality of blade members each of which includes a
portion of the plurality of projections; and
coupling the plurality of grounding members to side member.
10
55. The process of claim 54, wherein the grounding members are coupled to
a lower portion of the plurality of blade members spaced apart from the plurality
of projections.
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