2 2 SEP 2005 METHOD AND APPARATUS, W TH REDUNDANCI ES, FOR TREATI NG
SUBSTRATE PLASTI C PARTS TO ACCEPT PAI NT W THOUT USI NG ADHESI ON PROMOTERS
[ 0001] This application is a continuation-in-part of U S. Patent
Application No, 09/836,659, filed on April 17, 2001, and presently

pendi ng. FI ELD OF THE | NVENTI ON [ 00021 The present invention generally
relates to nmethods and apparatus' for treating plastic substrate parts to

accept paint and, nore particularly, to a nmethod and gzpflgpusﬂ%,{jor
treating plastic substrate parts to accept paint w tho#t 'ntj hesi on

pronoters that allows, for exanple, plastic substrate parts having fiat
regi ons, undul ations, and recesses to be properly treated. BACKGROUND OF
THE | NVENTI d\dEI%D RRPARAE USr WITH MEDSNDAVMEIES, FORTREATINGGUBBTRATE a practice
to prepare a BASTEIARTAIP ACSEPT BAINE HEIGHTABINGARIESEON BROMOTHRS A surface
properly prepared is nore likely to produce a desirable result and remain
properly painted for a long term Preparation techniques vary dependi ng on

the material t pai.nted, .the type of  pringer aj nd/ or pai nt which
will be used, @%@?mﬁlﬁsé?ppgdﬁlonésp%?%@néf?w HP p@ftgfklllg‘ %&F%p@ﬁﬁnﬁﬁe conditions to
whi ch t he dambdeadrdd R oMl 20D PRIsEq) GlhingMONg Others. [Quud] In the
past, with respect to autom)blfes and” aut ohobil e parts, plastic played a
mnor role and typically could be prepared such that the plastic part was
nol ded in the desired color. As plastic has becone a nore inportant
product in the autonobil e i ndEstD QF THEMNVENTIBNS as interior and exterior
doors, dashboards and ot her body panels and protective equi pnment, such as
bunpers and dd8%02yuafitppressaiiwerioregeneraliceldss tampthedstantanpattes' feal . - Typical |y,

exterior er stic garts, especially. in nodem vehicles, are painted to match
or aest het'PRAP PYSIE siBaRarts {piacqeot ppinbang, regrppasticyly, to 2 method and apparatus

for treating plastic substrate paris to accept paint without using adhesion promoters that allows,
for example, plastic substrate parts having flat regions, undutations, and recesses to be property

treated.

BACKGROUND OF THE INVENTION

[0003] In the art and science of painting, it is 3 practice to prepare a surface that is
to be painted to receive paint. A surface properly prepared Is more likely to produce a desirable
result and remain properly painted for a long term. Preparation techniques vary depending on
the material to be painted, the type of primer, stain and/or paint which wilf be used, the manner |
of application of the paint and the conditions to which the painted item will be subjected, among
others.

{ouoa] in the past, with respect to automobiles and automobile parts, plastic played
@ minor role and typically could be prepared such that the plastic part was molded in the desired
color. As plastic has become a more important product in the automaobile industry, such items
as interior and exterior doors, dashboards and other body panels and protective equipment,
such as bumpers and- door guards, have been made of a plastic materfal,- Typically, exterior

plastic parts, especially in modem vehicles, are painted to match or aesthetically contrast, with
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the body of the autonobile. [0005] in order to speed production of parts,
and reduce costs, plastic parts are now typically nolded in one col or
(such that only a single run of nolding is needed for all colors offered
in a vehicle nodel) and then painted to match the desired vehicle color.
This allows for |ess planning and nore availability of parts for all
colors of a vehicle nodel, and typically greater nunbers of color

conbi nations to appeal to the tastes of purchasers, @:12 rgrrp AE@T s manner of
produci ng parts allows an adequate supply of replace 5arf or
subsequent body repair needs on any color vehicle. 100061 A probl em

ari ses, however, in producing painted parts, in that the plastic

materials, used as body parts, typically nmust have a snooth surface in
order to he acceptable. . Smooth surfaces are typically not anmenable to
painting.B@QPﬁTEEBP%?Bﬁweor ot herwi se placed, on snooth surfaces,
especially th it | r.alkl tick to the
surface and ngéﬁgﬂﬁp@gh%%hggkgﬁ%%géﬁ%igyg%W%%gﬁgF%kamﬁ%gﬁfﬁQ%gﬁﬁerciaIIy
undesi r ablygic419 #ialdba in oNOENIR (M thi by ABRSuNAWRIHRE R Rede i sladiok0 stem this
probl em such as abrading the surface prior to painting or adding

adhesi ves pff@dtGina aehicpmdg!) atdahgd dbirkkd toinfated the @esirkdvegjiel chidre Thiaallols o 'stick to
the item being painted, none of these has proved effective. [0007] It has
been f oundkss laning lhed mere awfiabditygpf pefite fongjl colatset 4 wehicle sgedh aagtypicrigeredter a family
of multifunctional am ne-containing organic conpounds, on plastic parts,
whi ch hav8uBsePf cilgicemiragonsag ?%%Tog@at esOpUBasER, FutiRe s Megn¥ At pl asti c.
See, for ex le, U S. Patent No 22,161 t et agl. (the "'161

batent ) PHALDRPYE YRR murR R P RO Ry SbareR ey HHE  surtace of
pol yners ~fPased materials to control surface and interface
chenistryﬂagﬁ %@ﬁ%%ﬁ@@ggstructure. The ' 161 patent discloses a nethod for
oxi di zi ng t he ;6iakf aCg pRble aridds) W Er, AR didng BhihtBdpd e Histifeafiom th a
grafting chem cal, The content of the ' 161 patent is incorporated by

r ef er encemaltias, Udddss 8yl patatypically agst hdve b winboth Sehcefirodrddn tdteraedeptabig. 0008] It has
been found, however, procedures which enploy the use of grafting -2

Smooth surfaces are typically not amenable to painting. Paint sprayed, or otherwise placed, on
smooth surfaces, especially those with low surface energies, generally does not stick to the
surface and may be peeled or chipped off, which is a highly commercially undesirable result.
While various means have been provided fo stem this problem, such as abrading the surface
prior to painting or adding adhesives, such as epoxy, to paint, in order to get the paint to stick to
the item being painted, none of these has proved effective.

[0007] it has been found that the use of a grafting material, such as those in a family
of multifunctional amine-containing organic compounds, on plastic parts, which have been
oxidized, allows paint to better adhere to the plastic. See, for example, U.S. Patent No.
5,922,161 to Wu et al. (the 161 patent") that discloses a method of modifying or tailoring the
surface of polymers and or polymer-based materials to control surface and interface chemistry
and motecular structure. The *161 patent discloses a method for oxidizing the surface of a
polymer and treating the surface with a grafting chemical. The content of the 161 patent is
incorporated by reference into this application as if fully set forth herein.

[0008] it has been found, however, procedures which employ the use of grafting
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2 2 SEP 2005 chemicals added to plastic parts which have been oxidized are
typically only generally applicable to sheets of plastic. Further, there
is a potential for the devices and nethods used to oxidize the plastic and
apply the chem cals to sheets of plastic typically do so in such manner as
to cause areas of the plastic sheet to be treated nore than once, because
of inadvertent overlapping, wasting chem cals, causing the |oss of
production time and potential cohesive weakeningir1t?§; ver treated
areas. [0009] In one plastic sheet treating operatioz 2085 r burner,
having a large area w th many burner ports is used. The burner device is
noved over the plastic sheet, overlapping sone sections of the sheet in
novenent. I n the operation of such a system the burner oxidizes the
‘plastic sheet, and then a ing chemcal is %grayed onto the oxidized

Dl st o, " (GHASRE 1O BRRC BRI M6 P G AT ABUEr S ich s wi ¢ h
pai nt, adhe IICV est? sfbeﬁtofgﬂg%ﬁﬁ O@We@qaa JQS tésngaq?or tl'teaﬁxﬂ_t%?er ero\%lvgause%finenabl eto

adhesi on b 0 I'nclu pai nt" Castic parts

typically ape @anamgﬁa épBl&Hé%hén%a@t@éheQé @@rabﬂe o ﬁ% so in SRR Ffah: gy_ i n

aut onobi | e appl1cations l'astic parts ar 'y constructed in al

shapes andg cad dleddRelHd Abdtio Bifset th B@@afeahb@fﬁﬁano%ewcél%ohﬁd@éﬁbﬁes and ot her
contours. The use of such treatment devices and net hods, as descri bed

above, ar ezverlam“n‘gewhstiu@cﬁmmisecansnrtgmlusabﬁwddu@mtlmmandmmtdﬁiﬁirnormsast| C parts.
Further, treatnments such as di pping or spraying have been found to be

i nef f ect i wealgsing héheoxdrdaeiedarsdy ocess cannot pre-treat the non-linear |
sections of the plastic part, causing the sprayed grafted material to be |

wast ed. [ 0011][9958} t hiBrone P‘FStﬁé%eeH@éWQPW'EI“ taﬁéifa“ith'@%@%"r@ﬁ 3534268 treat i ng

tus of t nber . of 1 h be rel eased int
P at mosBHEPEN LR o e T AL hRveS ig R e P mont of

plasti cs. I Sohchs HIREAN Movgmt CREE obaRn UGS sggermrﬂg%%gozﬁg%fer utilized

to prepare a plastic substrate part to accept pal probl em
that exi st plabticdeh&ss @R theh agaftifg :mamal Islsprajedhtb tHERLBied DIk, oRmbareONCe the

part is treated it is typlcally difficult, wthout sophlstlcated tests, to
di scer n athgipfabtEferiuriber processing, such as with paint, adheswes or other coatings. The sheet is
thereby made amenable to adhesion by other chemicals, including paint.

[0010]  However, plastic parts fypically are not made in the form of plastic sheats,
especially in automobile applications. Plastic parts are generally constructed in all shapes and
with undulations, indentations, openings, crevices and other contours. The use of such
treatment devices and methods, as described above, are ineffective to treat the variations in
modern plastic parts. Further, treatments such as dipping or spraying have been found to be
ineffective as the oxidation process cannot pre-treat the non-linear sections of the plastic part,
causing the sprayed grafted material to be wasted.

[0011] Further, it has been found that the use of prior treating apparatus often cause
large number of taxic cﬁemicals to be released into the atmosphere as a resuft of the shot-gun
approach 1o the treatment of plastics. This is especially the case when adhesion promoters are
utilized to prepare a plastic substrate part to accept paint.

[0012]  Another problem that exists in present piastic part treatment methods is that

once the part is treated it is typically difficult, without sophisticated tests, to discem a difference

.




3 2 2 SEP 2005 between the treated part and an untreated part. |In many

i nstances, itens that have been treated have been confused with itens

whi ch have riot been treated, causing a waste of naterials and tine in
retreating, and, generally, an over weakening of the surface of the part
which is re-treated. [00131 Anot her problem has occurred in that in a
typical systemused in any field where a supply of chem cals nust be m xed
and propelled, there is a tendency for machinery to break down and/or need
general mai ntenance, during a work cycle, so that itzcgrBE/przlﬁg nom nal |y
and continuously. Typically, a chem cal-application system mist be shut
down for repair or so that chem cals or other conponents can be
repl eni shed or so that nornmal maintenance can be conpl eted, stopping

Do O ML SRS e dRlng, roplenahed L EpaLd or ol niained,
t | | j s ; i nt i t hout
a0 oL Us L0 LB (BB 6y LIRS oA ELSpd AR Bkl 1 Lo

Openi Ngs, nGkmMs GRGinRMreRbdRRY, atOfntrdySan PerwatkeRh@ Slthesudatl st thafsf pParts to be
effectively treated. In accordance wth one aspect of ny invention, | have

desi gned ahignisGieeatddur ner device that allows a desired portion of a
substrate plastic part to be flane treated and sprayed with a graft

cheni cal at suUg&ehnt fadthey problem Bagrpecurpdie thetiea ybigal silsteowisedyjn aitieldi on of pai nt,
or other coatings, to the part.mLOOISI . Such a nethod and apparatus has a
nunber of “B¥e e ErRely ohdemice's gus be mixpdgnd propgliad: fhege isqlsadepat i meshinesy tof all |

shapes and_sizes can be, prepared to cept paint. cond he et hod
di scl osed grﬁgékr %ole ajidor peat eln?:rg] ci'q ei'ngengnr? e’gdﬁr\l/’}g Fom E?ecﬁ?l% P ggfttrcf'éﬂ%# y manner. For

exanmpl e, g} and BRinGEEly" APRR éléhlaae.-cg-gé,p%a%d Que GlbBE L ARage ated with
utilizing adhesion pronoters such as, for ex rrprpe, the di scharge of the
active solepgindr stithiad dhareidalé or otigPdomBbneRtd BER QS IdpleRiBifed OF skt BSnaN

maintenance can be completed, stopping production while the system is being replenished,

repaired or maintained.

SUMMARY OF THE INVENTION

[0014] | have discovered and invented a method and apparatus for treating plastic
substrate parts to accept paint without using adhesion promoters that allows all undulations,
indentations, openings, crevices and other contours in the plastic substrate parts to be
effectively treated. In accordance with one aspact of my invention, | have designed a unique
burner device that allows a desired portion of a substrate plastic part to be flame treated and
sprayed with a graft chemical at substantially the same time thereby allowing adhesion of paint,
or other coatings, to the part.

{0015] = Such a method and apparatus has a number of distinct advantages. First,
plastic substrate parts of alt shapes and sizes can be prepared to accept paint. Second, the
method disclosed herein is practiced in an environmentally friendly manner. For example, all of
the environmentally deleterious effects associated with utilizing adhesion promoters such as, for

example, the discharge of the active solvent utilized in typical compositions of adhesion
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-4 2 2 SEP 2005 pronoters are conpletely elimnated. This allows, for
exanpl e, the manufacturer's capital costs to be reduced because, for
exanple, there is reduced need for abatenent systens that reduce the

di scharge of solvents to the atnosphere. [0016] Third, this nethod and
apparatus is suitable for use in large, commercial scale applications. For
exanpl e, in accordance with one enbodi nent of the present invention, a

pl astic bunper fascia can be treated to accept paint i£ ﬁggroxi mately forty
(40) seconds per part or less. Fourth, the use of thi&2nmetRa2i08nd
apparatus significantly reduces over-spray so that smaller anmounts of
graft chem cals can be utilized. [0017] Further, the system in one

enbodi nent, is made such that every inportant conponent has a redundancy

that allo mmFsl%ré &nﬁfé%ﬁ/%ﬁrﬂinm. |Tﬁ§s ‘élﬁtmis,lfrgrie%p%f thé ﬁ\gﬁ{ffarc%%r@gﬁffg 50@‘55
e 0018] The

conponents 1s made or repairs or maintenance 1s performned.

system f g cheduced tecausp i@ egintpreithe st ogtiveaambedabr aomBmdrosystapiinktosdutg of al |
system conmponents on site and fromrenote | ocations so that the system can
be noni t otfedischargeph saivedts &ritld Bmosperaist ed | ocal ly or renotely. [0019) O her.
obj ects and advantages of the present invention will becone apparent as

t he descri pti d®#pk oc Edigsthis prRinEFENDEmERIU T seiberor TN BRAVPRBECRI0020) Fig. 1
is a schematic view of the thod of the present inyentiop, [00211 Fig. 2
S 5 SchoraeRHER dior PRERE TR TOHe Wi o ET R R Ee PRy co ot

t he presegg ' %% i §% ' i.S . I, Lve~view of a burner of
) t .
the bror S apiR 6k Hein el b6 Fhocd Ocon pu P BOARBBTIgh Folelfcter ° ¢
accor dance i s Ot HRASE BT et shdpREES Gkl BRIk O 28] Fig. Sc s
a schematic view of a burner in accordance with one enbodi nent
that smaller amounts of graft chemicals can be utilized.
[0017] Further, the system, in one embodiment, is made such that every important
component has a redundancy that allows work to proceed while refilling of required chemical
components is made of repairs or maintenance is performed.
[0018]  The system, further, in a preferred embodiment allows for monitoring of aff
systert components on site and from remote locations so that the system can be monitored,
repaired and/or adjusted locally or remotely.

[0019] Other objects and advantages of the present invention will become apparent

as the description proceeds.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]  Fig. 1 is a schematic view of the method of the present invention;
[0021] Fig. 2 is a schematic view of the operation of one embodiment of the device
of the present invention;
[0022] Fig. 3ais a perspective view of a bumer of the prior art;
[0023] Fjg. 3b is a perspective view of a bumer in accordance with one embodiment
of the prasent invention;

{0024] Fig. 3c is a schematic view of a bumer in accordance with one embodiment
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-5 2 2 SEP 2005 of the present invention; [0025] Fig. 3d is a perspective
vi ew of one preferred enbodi nent of the burner of the present invention;
[0026] Fig. 3e is an exploded perspective view of the burner of Fig. 3d;
[0027] Fig. 3f is an elevational view of the distal end of the burner of
Fig. 3d; [0028] Fig. 3g is an elevational view of the distal end of the

m xi ng chanber of the burner of Fig. 3d; [0029] Fig. 3h is a perspective
view of an alternative distal piece for the burner of ig Sﬁ,;'g [(0030] Fig.
3i is a cross-sectorial view of the distal piece of ﬁg %Eu ﬁen al ong the
plane of line i-i of Fig. 3h. [0031] Fig. 4 is a perspective view of an
itemto be treated by a device of the present invention; [0032] Fig. 5is
a Series of diagrammtic views of the device of the present invention in
use on an contoured itemto be painted; [0033] Fig. 6 is a perspective view
of the ar M EFPEEeRdWERioPr eat nent, equipped with the burner of Fig. 3c being

used on an it Lo be treated: [0034] Fiqg._ 7 is a perspective view of the
arm and burneiwg?] Fi '39- %8 A5 34“{5@@%0{1@"63%@”@? frafod BWPFtB%bLmer%{n itemto be
treat ed; [hQQ%s'?e]ntﬁWaﬁonB is a perspective view of the armand burner of Fig.
6 shown being readied to treat an indentation in an itemto be treated;

[0036] Fig. 9pdozsja Pag.3RRGhieXfodkd fnpedivd iy AALERY oty Bgr of Fig. 6 shown
| owered into an indentation in a first pre-treatnment” inter-cavity

posi tion; [OO0BIMR7IF oFig. BOis aiselevatvral vipw of tha/distsl eedef 0F birhe opFigregnd bur ner of
Fig. 6 shown in treating
[0028] Fig. 39 is an elevational view of the distal end of the mixing chamber of the
bumer of Fig. 3d;
{0028]  Fig. 3his a perspective view of an altemative distal piece for the burner of
Fig. 3d; |
[0030] Fig. 3i is a cross-sectionial view of the distal piece of Fig. 3h taken along the
plane of line i-i of Fig. 3h.
[0031] Fig. 4 is a perspective view of an item fo be treated by a device of the present
invention; |
{0032] Fig. & is a series of diagrammatic views of the device of the present invention
in use on an contoured item to be painted;
[0033] Fig. 6 Is a perspective view of the arm of a robot freatment, equipped with the
burner of Fig. 3c being used on an item to be treated;
[0034] Fig. 7 is a perspective view of the arm and burner of Fig. 6 shown treating the
flat portion of an item to be treated;
[0035] Fig. 8 is a perspective view of the arm and bumer of Fig. 6 shown being
readied to treat an indentation in an item to be treated;
[0035] Fig. 9 is a perspective view of the arm and burner of Fig. 6 shown lowered
into an indentation in a first pre-freatment inter-cavity position;
[0037] Fig. 10 is a perspective view of the arm and burner of Fig. 6 shown in treating

the walls of the indentation of the item to be treated;
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the walls of the indentation of the itemto be treated; -6 2 2 SEP 2005
[0038] Fig. 11 is a schematic view of an apparatus that is used to

manuf acture glass fiber preforns; [0039] Fig. 12 is a schematic
representation of the fluid preparation and delivery systemof a preferred
enbodi nent of the present invention; [0040] Fig. 13 is schematic
representation of the control systemof a preferred enbodinent of a
preferred enbodi nent of the present invention; [0041]éf§g %3ﬁwbs a nore
particul ar schematic representation of the control sy n$£ fédipg. 13;
[0042] Fig. 14 is a schematic representation of the nitrogen supply system
of a preferred enbodi nent of the present invention; [0043] Fig. 15is a
schematic representation of the clean water supply systemof a preferred

enbodi ment of present.inventjon: [0044] Fig.. 16 (s a _schenatic

repr esent ationt[@gslt hg'slgf'mﬁsas?ﬁe;??tﬁd‘e%’ﬁllrﬁ??p anﬁ*%l“@’fﬁ@fjt“éﬁa“u%%ﬁ%@?%nt of the
pr esent ini‘(t%P;BrEfQu‘ﬂ%s- [0045] Fig. 17 is a schematic representation of an
additive dispenser of a preferred enbodinent of the present invention;

[0045] Fig. 18jjosgia sx:gﬂemtaisaqemg@rr@ﬁeemm @ he@lid frooaRel dnti ¥@ively spenser, for
providing a desired chemcal mx to the application el enent of the present
i nvent i on; sysB047§ prefieged eb®odiserdofftieovesetimvdntianf a preferred process of fluid
delivery of the present invention, [0048] Fig. 20 is a flow chart of a
preferred procé¥40lof Figak3 iagchameficadptesentation df B cartroisyrem ghaesiered i nvent i on;
[0049] Fig. 21 is a schenatic_rePresentatjon,of anot her preferred
enbodi ment emEodimgat of a preferred embodiment of the present invention;
[0041] Fig. 13a is a more parficular schematic representation of the control system
of Fig. 13;
[0042]  Fig. 14 is a schematic representation of the nitrogen supply system of a
preferred embodiment of the present fnvention;
[0043]  Fig. 15 is a schematic representation of the clean water supply system of a
preferred embodiment of the present invention;
[0044]  Fig. 16 is a schematic representation of the fluid mixing tanks of a preferred
embodiment of the present invention;
[0045]  Fig. 17 is a schematic representation of an additive dispenser of a preferred
emboadiment of the present invention;
[0046] Fig. 18 is a schematic representation of an additive diSpénser, for praviding a
desired chemical mix to the application element of the present invention;
[0047]  Fig. 19is a flow chart of a preferred process of fluid delivery of the present
invention;
[004B]  Fig. 20 is a flow chart of a preferred process of making a graft solution of the
present invention;
[00491  Fig. 21 is a schematic representation of another preferred embodiment of the

method of the present invention;

[0050]  Fig. 22 is a chart showing test results of the use of the device and method of
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met hod of the present invention; [0050] Fig. 22 is a chart show ng test
results of the use of the device and nmethod of 7 2 2 SEP 2005 the present

i nvention; (0051] Fig. 23a is a graphic representation of information shown

in the chart of Fig. 22; and, [0052] Fig. 23b is a graphic representation

of information shown in the chart of Fig. 22. DETAI LED DESCRI PTI ON OF AN

| LLUSTRATI VE EMBCDI MENT [ 0053] While the present invention is susceptible

of enbodi ment in various forms, there Is shown in thz gqﬁﬂiqg§5a nunber of
presently preferred enbodi nents that are discussed i reater det ai

hereafter. It should be understood that the present disclosure is to be
considered as an exenplification of the present invention, and is not

intended to limt the invention to the specific enbodinments illustrated.
|t shouldtggrfugﬁpeg.understood that the title of this section of this
application ?efkté?TBﬁ Description of an Illustrative Enbodi nent") rel ates

Lo 2 edulr ey of rhoa it ShALSRRAY BRI i pRi byl d not be

found to limt the subject di scl osed hereln. erring to

t he draw mgsandFi g. | shows a schematic view of one enbodiment of a factory
10 utilizing the nmethod and device of the present invention. In such a
factory 10, a [0082] d EQ. 28hys dueaphiv aepleadnlabiont dbinfactatiad dhywrr: thel v obffig.i t em 14 or
device that will be subsequently treated and painted in factory 10.
Factory 1@&2further conprises a |oading station 16, deionized air points
19, a robotic flame treatnent section 18, a hold and index station 20, a
primer application station 22, a base coat station 24, a clear coat

oL on B o oy BN AR | S RS, T, Lreseer "
detail bel ow. 50531  while the present invention is susceptible of smbodiment in various forms,
there is shown in the drawings a number of presently preferred embodiments that are discussed
in greater detail hereafter. 1t should be understood that the present disclosure is to be
cansidered as an exemplification of the present invention, and is not intended to imit the
invention 1o the specific embodiments llustrated.. It should be fuﬁher undersiood that the title of
this section of this application (*Detailed Description of an Hlustrative Embodiment™} relates 1o a
requirement of the United States Patent Office, and should not be found to imit the subject
matter disclosed herein.
[0054] Referring to the drawings, Fig. 1 shows a schematic view of one embodiment
of a factory 10 utilizing the method and device of the present invention. In such a factory 10, 2
moid 12 may be available to actually produce an item 14 or device that will be subsequently
treated and painted in factory 10. Factory 10 further comprises a loading station 16, deionized
air points 19, a robotic flame treatment section 18, a hold and index station 20, a primer
application station 22, a base coat station 24, a clear coat station 26, an oven 28 and an
inspection station 30. Each of these station will be described, in relation to the function
perfoﬁned, in greater detall below.
[b055] Mold 12, in one example, comprises an infection molding apparatus that is

adapted to produce a variety of plastic substrate parts (item 14) that are to be treated and then
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[ 0055] Mbld 12, in one exanple, conprises an injection nolding apparatus
that is adapted to produce a variety of plastic substrate parts (item 14)
that are to be treated and then -8 2 2 SEP 2005 painted. In a notor vehicle
application of the present invention, nold 12 is adapted to produce a
variety of -plastic notor vehicle conponents such as, for exanple, a bunper
fascia, a body side nolding, or the like. It should be understood by those
skilled in the relevant art that nold 12 produces anyzq%gﬁﬁj%( bstrate
part desired, irrespective of the application in which®t pIQ iC
substrate part is to be utilized. [0056] In a preferred enbodi nent of the
factory of the present invention, a flash tunnel 32, which can utilize
de-ionized air, is provided for sending item 14, for drying, between
stations whi rovide coatif ch as..the prijner. i cat | station 22
and the ba&&'§ oﬁF““@WJ?W%%a @3§Pﬁ§¥%P%“ﬂ%ﬁﬁePRFﬁ eFﬁ%@?g‘@“@%ﬁ Fngs are

al Toved 0, PHAPE!alictholorREHd co goergh@s&ﬁéé, for ShafiBle] AbubnD& rREQGRAW €. 1t s to

be under st oo e 1lTustra configuration of tfactory 10 is one of

many possi fleendifHaf bRl | 1RSuId BN HdérSiodd®l okt sRidasin@ledark bihitaloiaon to the
scope of the present 1nvention. It will be understood, by those having

skill in therddeteevmnilass §ubsttateaiart sestrby, sesrottvn st tesapplichtieain woioathe st ati on 26 and
base coat station 24 can be configured so that both steps can be

per f or med, plasholiubstateaiatt is to be utiii48é sane station in a factory. [0057] It is to
be further understood that an item 14 to be treated in factory 10 may be

constructed oul®8?fe 1 2 prRigrecEpgyigent Sftth%f?ﬁ?"wqéﬁppfeé?ﬂt E‘?’e“ﬁ%ﬂ‘?é e, Wwithout
depart o 10 J0us, scope, S e Bl oSt pvontLan, b L Use of Lne
onto a | Oas‘?étié‘r% HeB bl &Qtinﬁgﬂh@% oy FiR&%bp!QﬁfB@%t%doHSzérfd%‘b'a&ecoat“ove' scope
of the present I nveéntion, MRy be a conveyor belt of systemor may be a

fixed deviigigr 501 AR KRhRBintetRdflakrboathbs H58I0RSHAS HlopRPbry Bfiortdife MkoCcedure, item
14 is treated with a cleansing chemcal w pe and Is passed through flash

tunnel 32.stdptin ths procedre. 1 Bdesesihtasioddhiad the Mestrated enfiglvbtioray foerytio dahed w t hout
being chemcally w ped, or may be chem cally w ped w thout

of many possible configurations, and is not intended as a limitation to the scope of the presant

invention. 1t will be understood, by those having skill in the relevant art, that such stations as

clear coat station 26 and base coat station 24 can be configured so that both steps can be

performad, individually, at the same station in a factory.

[0G57] It is to be further understood that an item 14 to be treéted in factory 10 may
be constructed outside of the factory, at any location or anywhere, without departing from the
nove! scope of the present invention. In the use of the factory, item 14, which has been maolded
or otherwise produced, is placed onto a loading stgtion 16, which, without departing fram the
novel scope of the present invention, may be a conveyor belt or system or may be a fixed
device for halding item 14. In one embodiment of the procedure, item 14 is treated with a
cleansing chemical wipe and is passed through flash tunnel 32. 1t is to be understood that the

. item 14 may be treated without being chemically wiped, or may be chemically wiped without
passing through a flash tunnel or using drying deionized air, without departing from the nove!

scope of the prasent invention.

[0058] A robotic device 40, comprising a flame treatment burner 44, as
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passi ng through a flash tunnel or using drying deionized air, wthout
departing fromthe novel scope of the present invention. [0058] A robotic
device 40, conprising a flane treatnment burner 44, as -9 2 2 SEP 2005
schematically shown in Fig. 2 and illustrated in Fig. 3b and Figs. 6
through 10, traverses the Ilength of item 14, in a manner which wll be
described in detail below The treated item 14 can then be indexed, coated

with prinmer, passed through a flash tunnel 32, painted 252:$E? ?ﬁig'coat of
paint, returned to a flash tunnel 32, and then painted r coat.
Subsequently, the itemcan be dried in an oven, or kiln, and sent to an

i nspection station where the results of the procedure can be inspected.
10059] In a preferred enbodi ment, robotic device 40 generally conprises a

45, o 11 aneo e PRty e Eb R el EPRCE bl KB 0 e i, “sich as o
(shown schehBl #2ar Py HERan B R e o Pas el oo B TR-BI BT e ce

of the preggnie hddXQNkdad witkprMeR phdstd bR akdsH iShnbiisb HhinRd Wil 288, Eb\é%a flame 62
and then treated wth a grafting chemcal 46, in a preferred enbodi nent,

t he grafti sigaicheiredlo FGsh tanrgl 32cand thea baimied withamsehi cadtebybseb@y tihe ar ea t hat
has been oxidized, as will be described in detail below 10060] A preferred
graft chenfeggin phried inansign: eiire afdsentiesan inshecierratadion where th ebults bféhe pr esent
invention is a polyethylenimne that is commercially avail abl e from BASF,
and t hat i%mméﬁgﬁmﬁﬁﬁﬁ e%fle brand name of Lupasloi (r) G35. In accordance

ith th f mbodi f . the ir tion, tit f t i
mxced i th o qUBTEI () GPoEmRRBITYY s EH e SO SR Shoul d be
under st 00dy hQ@N&M%Vs§orégQ§$ coftfedth b1, £VR LR S4808 ﬂa%\‘lém?@r‘t%%@ ﬁfg%ﬁ%od' fferent

ratios of the 'same) can be utiliZed."1n accordahce present
i nvent i on anl bibgshic SBaATcaRs2f §iastd BmpReaRPand: BIBERH deLfQé_)&FaJlblé:de' d storage

or connection neans 46 further conprise storage and/or inlets
accepting programming (shown schematically in Figs. 13 and 13a). In the operation of the
device of the present invention, a plasfic item 14 is first oxidized by a flame 62 and then treated
with a grafting chemical 46, in a preferred embodiment, the grafting chemical 46 is placed
almost immediately onto the area that has been oxidized, as will be described in detail below,
[0060] A preferred graft chemical that is suitable for use in connection with the
present invention is a polyethylenimine that is commercially available from BASF, and that is
sold under the brand name of Lupaslol® G35. In accordance with the preferred embodiment of
the invention, a quantity of water Is mixed with a quantity of Lupaslol® G35 in a ratio of 400:1. 1t
should be understood, however, that other graft chemicals or powders (and different ratios of
the same) can be utilized in accordance with the present invention without departing from the
scope thereof. |
[0061]  Fiuid stbrage or connection means 46 further comﬁrt‘se storage and/or infets
for such fluids as grafting chemicals, colorizing chemicals, electrolytic chemicals and other
chemicals as needed, as will be described in greater detail below, Referring to Fig. 3b, a
perspective view of the bumer 60 of the present invention is shown. It will be noticed that, in the

itustrated embodiment, the flame area 62 of burner B0 is formed in a cytindrical body 81 with
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for such fluids as grafting chemcals, colorizing chemcals, electrolytic
chem cals and other chemcals as needed, as will be described in greater
detail below. Referring to Fig. 3b, a perspective view of the burner 60 of
the present invention is shown. it will be noticed that, in the
illustrated enbodi nent, the flanme area 62 of burner 60 is fornmed in a
cylindrical body 61 with -10 2 2 SEP 2005 flame capability throughout the
upper surface 64 of burner 60, It will be understood,g%y gﬁpzamsf havi ng
skill in the art that the upper surface 64 of burner C onstructed
with a plurality of flanme jets 66 (shown schematically) so as to produce
and even flane about the entirety of surface 64. As illustrated in Fig.
3b, an atom zed fluid ejector 68 is included generally in the center of

lindrical,_body 61. [0062] It is t derstood that fluid ejector 68
Thy be. pl Al ROy BEPE LY Yot BT PTG LR AR EEBL wi { hout
d ti ; L ti .o Further, It ist
e ander ot Gl PHL Mo Te & BPF sest S B Er 0 b ERRME e BRI vy rorm

of  fluld smemsiesboRionriehenfatietl) b BYSHEMNMNE bikn RARPIG beShtrgfe 1S dr awn

across the top of tube to draw fluid out of a contalner and propel the
fluid t owasufscetteAd ithatatddin Fig. deantaiorbetlid dfgalr 488s HGaied ganbrhif@ithe depar ti ng
fromthe novel scope of the present invention. Such devices are utilized in
out si de mi sentgf of ciiipdrisH betwiices and may easily be adapted to the burner 60 of

the present invention without departing fromthe novel scope of the
present invent |88 [ GEeSPe pidesgiopd thah Buidselester Baveay be Rlecad iraneeffegye ofd t he present

i nvention, further co i.se insertion nmeans 54, to bring chemcals into
robotic de‘?/ﬁlgchegt aﬁ.w'tﬁl?lg%{ytsi B'ﬁmfpedg??é“"%ﬁ”%@?rﬁ?‘?'?&@e OfrfBea?ﬁ%sF”té'\?Iﬁrﬁc”és val ves or
ot her i nput S ' nheQIs | : | ve through which a
pr opel | ant u47 ,ﬁf/ﬁ%gﬁd‘%fs@%@@%mﬁq%eﬁ%mg% “%'ia?H garstﬂl?enatsgsksé&?nh ng{fonﬂgfj in a

pref erred READRYITEN hol@finddWsted WRFENEssirBUEIAS IsQRwh BRoR iHRRRlF B 1047 used is
pressurized Nitrogen gas (N2). It has been found that the use of the

pref er r ed doavouaolizni & cabfainer aiptes theliad besrdethd i@mpriapted tregth® magbd wed N a desi red
fashion while not being flammable (in the presence of flane treatnent
syst em 50)wita%dq@6¢ing from the novel scope of the present invention. Such devices are utilized in
outside mix air brush devices and may easily be adapted to the burner 60 of the present
invention without depatting from the novel scope of the present invention. |
[0063] It will be seen that the burner 60 of the present invention, further comprises
insertion means 54, to bring chemicals into rabotic device 40. Insertion means 54 comprises
l reans, such as valves or other input sources, for insertion of fiuids 46, a valve through which a
propellant 47 may be injected, and an air/gas intake inlet 48. In a preferred embodiment of the
present invention the propellant 47 used is pressurized Nitrogen gas (N,). It has been found
that the use of the preferred propellant 47 provides the force to propel chemicals In a dasired
fashion while not being flammabile (in the presence of flame treatment system 50} and not
effecting the oxygen content of the flame in flame treatment system 50. it is to be understood
that any propeltant having similar properties may be employed by persons having skifl in the art
without departing from the novel scope of the present invention.
[0064] Referring to Fig. 3a, one example of a burner system 80 of the prior art is

ilustrated to allow comparison with the exemplary device of the present invention that is
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effecting the oxygen content of the flane in flame treatment system50. it
is to be understood that any propellant having simlar properties nay be

enpl oyed by persons having skill in the art wthout departing fromthe
novel scope of the present invention. [0064] Referring to Fig. 3a, one
exanple of a burner system 80 of the prior art is illustrated to allow

conpari son wi'th the exenplary device of the present invention that - is -11 2
2 SEP 2005 illustrated and disclosed in this applicatiah.2 BEPw205S be seen
that burner system 80 includes an inlet BOA and a plurality of flame
outlets BOB, and is of a flat elongated type, useful in providing surface
treatnent to flat sheets of materials. [0065] Referring nowto Figs. 3c,
3d, 3e, 3f, 3g, 3h and 3i, one preferred enbodinment of a burner is
illustrated, .algng with a first and second flame jet-formng ring 66a and
66m I n thg'“ﬁfﬂggégdrcgﬁﬁ’%%‘b%isﬁ%“ﬁifa%"ﬁ-|“|”@@“Frsaaﬂ"¢§ﬁ’ﬁ?uﬁ‘e ygiem S%EC"E“%?%gh 3i, like
nunbers as; 9(?@3 A i : late like
parts. [00613&6[54]? n ntd ﬁéﬁ%g gt[ﬂ'r;hgtﬁtlmgt%%%,Q%ﬁﬁgﬁétéﬁ@ﬁeg t@?éga%h%mgﬁg neral |y

cyl i ndri calgyhesliesbdeni 18 flatRhRMI BRgeA2RaVi Ng the fol | owm ng conponents, a
generally circular bottom el enent 6la, defining an opening (not shown)

t hr ough whi ch tjodse] arRet@ndaeiow 8OFigsese, fiesd, Biset tregld ainche atsteehed by any
desired neans, in a manner known by persons having skill in the art. Such
connect i on empeditrent afa purngdd iludkatedhalorigméh ufstend sefond fiaredetoroing asteha t ubul ar
menber 48 and defined in bottomelenent 61 a, without limting the scope
of the predeHOM (RbaepigHed embodipent. ilstrated ndjos 3o Bepugididice miabes 8sdhvasl  end of
tubul ar nenber 39 js adapted for connection to a supply of grafting

cheni cal aH?F%f'bﬁ%f“ éasﬁlﬁ@gﬁ“ 5’68?3‘!6?S%tBIrq]aéeﬁ‘ﬂc‘?pﬁrtﬁ a manner previously descri bed.
Wthin cylindri b ik ' iy | ' fii w1t will be
under st ood t ha}lb\oglﬁly ﬂg%ﬁgénsg?&'éprﬂg\ﬁ/%ﬁ %%l%gﬁ'gr 54?(%8%”8%& %@dﬁcgg/%@gbq "Lubst it ut ed
Wi t hout de%maédmgwrtgrt%no%g@Wﬁham&&ﬁe@fycmﬁr K55 EiBtherk SR an AS shown
in Fig. 3d, air/gas intaké 49 is fornmed in body 61 in such a manner that
air may beosuipg noetoir) heawgiweich iinkemartdr 36ahay Be REdHangrinBathed Hy a8y manner wel |

known in the art. To facilitate such an
desired means, in a manner known by persons having skill in the art. Such connection means

may include the inclusion of threads on beth tubular member 48 and defined in bottom element
B1a, without limiting the scope of the present invention. It will be understood that the proximal
end of tubular member 39 is adapted for connection to a supply of grafting chemical andto a
supply of propellant, in @ manner previpusly described. Within cylindrical body 61 air/gas intake
inlet 49 is defined. 1t will be understood that any manner of providing air to body 61 may be
substituted without departing from the novel scope of the present invention. As shown in Fig.
3d, air/gas intake 49 is formed in body 61 in such a manner that air may be supplied through a
hose and valve arrangement in a manner well known in the art. To facilitate such an
arrangement, air intake 49 may be provided with any means to attach an air supply known in the
art.

[0067) In the present embodiment body 61 is formed with a shoulder 61b leading to
a neck 8tc having threadings 61d. A flame jet-forming ring 66a is provided, as shown in Figs.
3e and 3f, having Jet forming openings 66 and a holding collar 86b. Coltar 66b of ring 66a may

be seated onto the rim 81e of body 61 and retained by hoiding ring 67. Ring 67 comprises
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arrangenment, air intake 49 may be provided with any neans to attach an air
supply known in the art. [0067] In the present enbodi nent body 61 is forned
with a shoulder 61 b leading to a neck 61c having threadi ngs 61d. Afl ane
jet-formng ring 66a is provided, as shown in Figs. 3e and 3f, having jet
form ng openings 66 and a holding collar 66b. Collar 66b of ring 66a may

be seated onto the rim6le of body 61 and retained by holding ring 67. Ring
67 conprises -12 2 2 SEP 2005 internal threadings mhiqgffgg?e W th

t hreadi ngs 61d of body 61 to hold ring 66a onto body t /W body
chanmber 61, it will be seen, energes fluid atom zer tube 68, though opening
61f in bottom el enent 6la of body 61. A nesh screen roll 73, preferably
constructed of a roll of tightly woven netal nmesh, is provided at the

Cr eat od of PETERTTAMGE VAR bRie RbafRehothE ﬁ%ﬁ"@feéé A B RO, 1o
provi de, havi thﬁﬁbdgg 9617.'15@:1: n{)e\er'{'%ﬁxerfrc\;&etfu@ z(t-:mé%‘é@'}?a’ﬁ?h @Jgn, Om zer tube

68 may energe preferred enbodi ayers 0 g 75 are
provi ded. 410Q8&omAipisnzah ofdéaﬁsﬁa\ me@ﬁs@éﬂﬁ% 75 Dhrelferhly cafotrudt Jfé'foﬁ per provided
with an atom zing head 65 ich allows the atom Zed particulate to be
sprayed ouighlyfwoednondtal elesH, islpeovid@d dt khe erinthss bitiednternR&Io; mikRl thacBgrmn. by per sons

having skill in the art, and a holding collar 69 to hold head 65 onto

at omi zer tAIgsEEBg. 75, [aB0 6ShteRe tightly ‘wmgn melal mesh Fithpspref@red ambbdBient, an al t er nat i ve
jet-formng ring 66mis shown. illustrated, the LEt form ng openi ng 66n
of ring 6 V@Srfﬁ‘}"i‘%%’b"p&m%ﬁﬁ|deﬁ‘6%t§er@béWPW§Wh‘§1 Fies0iFan be 88 mBremesBt ent f | anme
to energe. ng (E P des an enln%,660 tggPUQh whi ch atom zer 48 can
ener ge. dﬁ?ﬁ? E@ tP R ﬁsofm£gm GPRFOVEeS having a flanme area 62, of
t he present ti of i vice 40. Item
14, here |IIus P Q%g{‘%%tuﬁb:susfs%%ﬂo nlr]%pg é’isf%i@;%v%eé&% a?om%%ﬁom tionto

be treat etheads, @mVHﬂowﬁHé@@'ﬁizéddpaﬁl&ﬁ% tic%@§pr§}ed out of atomizer tube 68 in a
desired manner, well known by persons having skill in the art, and a holding collar 69 to hold
head 66 onto atomizer tube 68.

[0069] Referring now to Figs. 3h and 3i, an alternative jet-forming ring 66m is shown.
As illustrated, the jet forming opening 66n of ring 66m comprises a continuous openihg, allowing
a mare poient flame to emerge. Ring 66m includes an opening 660 thraugh which atomizar 48
can emerge.

[0070] Referring to Fig. 4, a burner 60, having a flame area 62, of the present
invention may be seen in position on a rabotic device 40. Item 14, here illustrated as an
automobile bumper 14, is shown in position to be treated. As shown, bumper 14 comprises a
plastic material having indentations 90, undulations 92 and openings 84, among other
topographical features, In order to prepare such a bumper for painting, all of the irregular
topographic features must be properly treated and prepared for paint. As illustrated in Figs. 5-
10, burner 60 of the present invention may be manipulated so thé’f flame area 62 can cover any
topographic feature of bumper 14. Fig. 6 shows the shape of flame area 62 in a first ignited
position.

[0071] in the treatment of plastic parts, the burner is adjusted to fit the size of the
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plastic material having indentations 90, undul ations 92 and openi ngs 94,
anong ot her topographical features. In order to prepare such a bunper for
painting, all of the irregular topographic features nust be property
treated and prepared for paint. As illustrated in Figs. 5- 10, burner 60 of
the present invention may be mani pul ated so that flane area 62 can cover
any topographic feature of bunper 14. Fig. 6 shows thg shape of flane area
62 in a first ignited position. [0071] In the treat 2 &Ppﬁ%tic parts,
the burner is adjusted to fit the size of - the -13 2 2 SEP 2005 area to be
treated. It is to be understood that flane area 62 nmay be adjusted, using
controls that specifically cause nore or |ess propellant 47 at nigher or

| esser pressures, as is nost wdely recognized in the use of Bunsen
burners in | aboratories. Specifically, when covering flat areas (Fig. 5a
and Fig. 7 lodmdrediide & 5% drupdemioottgfdarsarea fi mivbs adusfidaeheorfplame, by
decreasi ng,pro | ant 47 pressure, sp.as .to cover |arge areas rapidly. In
the treat ng’ﬁttSpgcﬁf;ca@ﬁ%ﬁ? H’@Ee %5%,55 pd?pewgﬁiaiwewr?eﬁ%Brﬁssf'%ﬁc?@Pé‘}?ﬁti c features of
item 14, f ' LNGr g creasing
propel | ant l”@%};rgr egggﬁnﬁéthg%%%s ug&%ﬁigﬁﬁa‘%gla@f?t{:ﬂl}gt %ta gﬁ%f ﬁ@e‘ﬂﬁg\{érﬁ%ﬂﬁg of flane
area 62 toa@hd Py 4afd Fil YBahONEHER nB3 bd RadRd BUim MhAideAWM e\, ce 94. Once

fl ame tongue 63 reaches the bottom 94a, of opening 94, propellant 47
pressure cadtréaging maetaastttesae S agotorglge &idad apiod. defe saskentdiat t he i nner
surface 94b of opening 94 is touched by flame tongue 63. It is to be

under st oodorehiads Borrcregicesaof othbrdopagraphevigatues ahitemiddieme aga 62 mby ke t ongue 63
can be acconplished using electronic controller 52, such that a single .
accur at e p#lusted gy ingpasing @nq HerdesreadnopEpeipgHE Pepsure: EigF £l aed % istr@e [ 0072] As

flame tongue 63 i s drawn u rds out of opening. 94, flanme tonque 63 |icks
Lo ent + 1 oHE patdng afth R Ao B RS B or S B P hec S D% or ot her
fluids 46, ] C fr Ldj face as flane
tongue 63 FEEGraM BIARE AOGEASE of il o ol i Al S o ary
aspect of ddi@adet @aRAY tonBESIHth RiBlen such that the inner surface 94b of opening 94 is touched

by flame tongue 3. it is to be understood that control of the narrowing and widening of flame
tongue 63 can be accomplished using electronic controller 52, such that a single accurate pass
of alt surface area portions of item 14 are made,

[0072]  As flame tfongue 63 is drawn upwards out of opening 94, flame tongue 63
licks the entire inner surface 94b of opening 94. Grafting chemicals 46, or other fluids 46, are
atomized and cover the freshly oxidized surface as flame tongue 63 is withdrawn.

[0073] In accordance with a further exemplary aspect of the present Invention,
colored fluids 46¢ are injected into bumer 82 such that as grafting chemicals are placed onto
item 14, item14 may be colorized so that the operators and workers can easily recognize which
items have been treated. In a preferred embodiment, of this aspect of the present invention, a
quantity of propylene glycol and a quantity of a suitable calorizing agent (such as red die no. 55)
Is mixed with a quantity of a water/graft chemical mixture in a ratio of 250 parts mixture to 1 part
propylene glycol and 1 part colorizing agent. It will be appreciated by, those having ordinary
skili in the relevant art that chemicals other than those specifically identified above may be used

in connection with this aspect of the present invention disclosed herein.
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colored fluids 46c are injected into burner 62 such that as grafting

chem cals are placed onto item 14, item 14 may be colorized so that the
operators and workers can easily recognize which itens have been treated.
In a preferred enbodi ment, of this aspect of the present invention, a
gquantity of propylene glycol and a quantity of a suitable colorizing agent
(such as red die no. 55) is mxed with a quantity of a water/graft

chem cal mxture in a ratio of 250 parts m xture to | p?re% Qﬁlﬁ ene
glycol and | part colorizing agent. It will be apprecia %Eﬁ- ose havi ng
ordinary skill in the relevant art that chem cals other than those
specifically identified above may be used in connection wth this aspect
of the present invention disclosed herein. -14 2 2 SEP 2005 [0074] In

sccordance W a0t "Gl AN SXAPL ALY R5RES L 4 e BrenERL vert | on

electrolytic chemtcals are 1 njecte ur
cheni cal s akerofi@aMHEBER indcted Molkfmer do@Mnkdht 5E584 | oL PRL e charge,
which will allow the subsequent painting of %st?ggmm\é%ﬁe"@bfﬁregfeéﬁc? 0%t i ¢

means. | n #epréftennedcavdadinabiotic dérgs, hBh @i BRE theQhbdlRriYaRBRM hnvention, a
quantity of a suitable electrolyte such as potassiumcitrate, sodium

chl oride, d&f bsurstrosiaticimesnst & 4 meferred embbdivientof thisqswet df thy peEentinwatdr 4 gr af t

chem cal m xtti}re inaratioof 10 nm (mlls-liter) of electrolyte for each
liter of nfYA"HH & 2 guftableRiRsireliepich aretaeyboeiraen sndivotdhierdectr sotinotiyeteds can be
utilized tg.allow t urface of the substrate plastic parts to be nade at
| east partlgg% V%caoqﬁlaﬁ}@f%\75’#?@6@%‘?“‘?&5’”&%&%@“’ A0 Ehenilditerf sledrolsted her ei n
provi des Sj,giidh iitEaR bRl onventional systems that utilize
adhesi on pronoters to treek:;lgﬁ1 fsu%suﬁér{eg{t%)d&a %t?%rﬁle%rgg{egf%i’eé{@%@ﬁ? aloai nt . For
exanpl e, onesgatd (ﬂlﬂ'ne(%f.xbs@fat%)Sﬁétfé%rts@t%ﬁéd@?tIégspﬂmitaﬁ{l%ll\dﬁctﬁgpabl e of treating

approximately forty (40) plastic bunper fasclas, ereas one gallon of the

graft concentr WOy Cthepresark invdnedn dtiiRE hérein Blovidds AR RRtaNSEGIRgdsSvGarabl e of
treating approxinmately 12000 of such bunper fascias. Furthéernore, the
present i rPEYRIIGA systeromibativiiige adhasionamenmtsrsib eebt fubttrate atid pags Racdkpt substrat e
plastic part. to be s{egni ficantly reduced. For exanple; a plastic bunper

fascia caﬁj 3k Ff%ﬁﬂa?p r@_ﬁtgélt?” Pl tipicaiagesipa Pivmoteris eapptlositreainel v forty (40)
seconds i Qipaf%ﬁl%tg@ﬂﬁﬁ (/-i% ;El%ti(?ﬂ.ﬁnper fascias, whereas one gallon of the graft concentrated

chemical when mixed as disclosed herein is capable of treating approximately 12000 of such
bumper fascias. Furthermore, the present invention allows the time associated for ireating each
substrate plastic part to be significantly reduced. For example; a piastié bumper fascia can be
fully treated to accept paint in approximately forty (40) seconds in accordance with one
embodiment of the present invention disclosed herein.

[0076] in accordance with a further development of the present invention disclosed
herein, a robotic flame treatment apparatus may be used to spray materials other than graft
chemicals such as, for example, a powder. One example of such a powder material is chopped
fiberglass mixed with a low density powder. In this case, a burner is controlled o move in a
predetermined fashion over a mold so that so that the chopped fiberglass is sprayed through the
flame and powder mix onto a mold and at least partially hardenad by the flame provided by the
burner ag discussed in greater detail hereafter. This allows, for example, the manufacturing

times for fiberglass articles such as, for example, rowboats and pleasure craft to be significantly
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enbodi nent of the present invention disclosed herein. [0076] |In accordance
with a further devel opnent of the present invention disclosed herein, a
robotic flane treatnment apparatus nmay be used to spray naterials other than
graft chem cals such as, for exanple, a powder. One exanple of such a
powder material is chopped fiberglass mxed with a |ow density powder. In
this case, a burner is controlled to nove in a predeterm ned fashion over
a nold so that so that the chopped fiberglass is spray2d t3bPoddld t he flame
and powder m x onto a nold and at |east partially hardened by the flane
provi ded by the burner as discussed in greater detail hereafter. This
allows, for exanple, the manufacturing tinmes for fiberglass articles such
as, for exanple, rowboats and pleasure craft to be significantly -15 2 2
SEP 2005 1 egyieedl-in kol TRhigk aM ks &f B Blpk & af thopsseRlinvkitios diafeerdd, at he
present invention disclosed herein, a nunber of different notor vehicle

conponent s wHed ohsferéd MoK &Pl eomdhals saEh 8 T tdRamdie) Wom&iead, jow vidyhth gauge
body panels to be nmanufactured. [0077] Referring to Fig. 11, a schematic
di agr am of thiepdugd besdy pareeteLip be menufagigredl ass  fi ber preforns is illustrated. In

particular, a robotic flanme treatnent apparatus 200 includes a robot 202,
an el ectroni ¢ c8Rt7 ol Referipgip Fig. Wo 2ehspatsizgrapbmetird cDOBNUfsHINISE5Ur ner 210.

Th I t i troll 04 i ) t t . t_ 202 t

{he bur ner "STG AR EHEETEo b L PR S b e BRpua AR sequence
| ati t . L d i

reater det TR A i RHAEA S R BERR o R e Rt Us 200

general |y icRgldidesntol? 2688 Brogdinmbéh dhiRe A8 rdoS05 BARLE fe blrd P10t dng #ement

station 18 shown in Fig. 1, except as discussed in greater detail

her eaft er. chdpsiurezheahd 208 iMg pBdA@inhed seqieRd rélatihve td 21k @gednbsturalat h an
atom zer, a 1/z" tube through the housing of burner 210 is used. The tube

i s secur ed giskg frefarmisorsklisoussedit giebter detaberedftert he burner 210 adj acent the face
of burner 210. A nozzle is fit inside this tube that is conpatible with
sprayi ng powder[o@ﬂl.. The robotic flame treatment apparatus 200 generally includes the same
structure as the robotic flame treatment station 18 shown in Fig. 1, except as discussed in
greater detail hereafter. Instead of using a center atomizing tube together with an atomizer, a
7" tube through the housing of burner 210 is used. The tube is secured with a lock nut at the
top of the burner 210 adjacent the face of bumer 210. A nozzle s fit inside this tube that is
compatible with spraying powder 211,
[0079] At the bottom of burner 210, a 3/8" polyethylene tube is connected. This tube
is configured as a powder/air delivery line. Furthermore, the nitrogen/fiuid delivery system is
removed and replaced with a typical auger driven powder delivery pump. fhis unit requires
compressed air to be connected into a venturi which in turn is fed with a constant supply of
power through a frequency driven motor on the auger. The net result of this structure is a
constant ratio of powder in a given air stream.
[0080]  With this process, it is imporiant to control the flame temperature to prevent
the powder that is sprayed from bumer 240 from burning up in the flame. For this purpose, a

flame treatment system (not shown) that is similar to the flame treating system 50 (Fig. 2) is

operatively connected to the bumer 210, The fiame treating system includes a gasfair control
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[0079] At the bottom of burner 210, a 318" pol yethyl ene tube i s connected.
This tube is configured as a powdertair delivery line. Furthernore, the
nitrogen/fluid delivery systemis renoved and replaced with a typical

auger driven powder delivery punp. This unit requires conpressed air to be
connected into a venturi which in turnis fed with a constant supply of
power through a frequency driven notor on the auger. The net result of this
structure is a constant ratio of powder in a given ai 2 2t$%%1rﬂﬂﬂ$0080] Wth
this process, it is inportant to control the flane tenperature to prevent
the powder that is sprayed fromburner 210 fromburning up in the flane.
For this purpose, a flane treatnent system (not shown) that is simlar to
the flame treating system50 (Fig. 2) is operatively connected to the

burner 210, The flane treati m LGS arfor8@sf Binfoni@eaddr ol -16 2 2
SEP 2005 sy&tEMedl Oﬁ’ﬁe%%‘% eeg'gg%é%%r{a@%le oxilgep% anal yzer allows an

operator tQ nonid4 oL -aad of Fekithiotat AetARasHRaEmbieofd@ie so that the
flame tenperature remai'ns constant. [0081] For exanple, if it is desired to

"chill" the fl agsss) t heodsmmms, iffs deskebiosthilbthe feime, theigrant ahcampestigh #iar y
gas/air mx is increased. This causes the flane tenperature to be

decr eased, ubattin iclptimdog gasfeirwix iniscreased. Hhissasses thaflagryRIeR2EHP BRIt on the oxygen
anal yzer. Conversely, if it is desired to inc ea%ﬁ_g t he fI1 [re tenperature,
then the aneusasedbuidHBESeWHAS aarm%@&*ﬁ/%ﬂ%“k% PYERESEYE decr eased,

which will b h _ ' ol |
Set “pol nt s GaNGbI bR BOBEEEH RI-L PrRp Hen T e T E B !

LAt OBl REL) OLIPIGEAAS AU RRE £k, hanbasRoRty kol nary

skill int urner systemi's designed to be

aut omat ed ioﬁlgfgﬁég aﬁ%—g @&%E@Qn& Snfol lobRkaH bederifhtheatbhtiotysheltd raamntait n

particul ar, e Bur ner O is nounted on an end effector plate of an arm
of robot 2Q2mikNSreRRRccksisadBppastio2dSe aflosmagsel inthemtleentert this end
effectuator plate. Chop guns 206 and 208 are designed to produce a
predet ermi ned apoeant Ghe chreppeEmdd designedtq irautopated BUBRAND MOWESd Q8 r ands per

unit tinme. The chop guns are powered by conpressed air an
robot arm for articulation. In particular, the bummer 210 is mounted on an end effe

30:' plate of an
arm of robot 202. The chop guns 206 and 208 also are mounted on this end effectuator plate.
Chop guns 206 and 208 are designed to produce a predetermined amount of chopped glass
fiber or carbon fiber strands per unit time. The chop guns are powered by compressed air and
function in @ manner similar to an air driven motor. A small amount of alr Is also used tp provide
“fan” air to the outgding chop, and thus give it shape in a manner similar to a spray pattern.
Changing this small amount of air, either by pressure or volume will change the shape of the fan
pattern.

[0083] In the Mustrated embodiment of the invention, chop guns 206 and 208 are
mounted on either side of the burner 210, 180° apart from the burner 210 and angled towards 2
center intersect point. The center infersect point, which is the point in space relative to the
burner at which the chop streams- will merge together, is adjustable refative to the required
output measured in pounds of chop/minute.

fo084] The apparatus discussed above can be used to manufacture yarious articles

as discusse'd in greater detail hereafter. In one exemplary application of the present inventian,
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function in a manner simlar to an air driven .notor. A small anount of air
is also used to provide "fan" air to the outgoing chop, and thus give it
shape in a manner simlar to a spray pattern. Changing this small anount
of air, either by pressure or volune will change the shape of the fan
pattern. [0083] In the illustrated enbodi nrent of the invention, chop guns
206 and 208 are nounted on either side of the burner i?’f%ﬁ%°@fart from
the burner 210 and angled towards a center intersect g l% " FHe center
intersect point, which is the point in space relative to the burner at
whi ch the chop streans will nerge together, is adjustable relative to the
requi red output neasured in pounds of chop/m nute. [0084] The apparatus
di scussed above can be used to manufacture various articles as discussed

t detail h ft I f t.h t
| nvent 1 on, 1 §7T S GEEP RS L HeEC B CAPHER 1 BBt SeRod Bt a ol ven
rate by chg t&ggéacﬁsql ncﬁ%g&pﬁnata{f h8Stort AOBLRbu R o GhefaRce Of

appr oxi mate rom ace o urner 210. The flane is

i gnited angméglahlﬁéoﬁgtehmdahbbtpb!étlvé Rlttrbaifedisy doWe rateafitit tiRg. MayugAmen rate of
the chop, Through the center of burner 210, a powder is "sprayed"

t her ef r om tenwasidarmbdrE o caivedr i "firard detefrpo tontrde the tdnéer ineheed pgutwth@ 06 and 208.
Thi s powder can be, for exanple, a |low nol ecul ar wei ght polyester resin, a
hi gh nol ecchoagun&@@md 268 mowderﬁweﬁor%ammaﬂﬁmwwlﬁﬁ” fipghsteEpoxy resin,
or a high nolecular weight resin. The chaoice of resin used wll
depend on Epg %W@@P'@fy”eéﬂhtﬁo ésterﬁsk@ §lg¢ WP‘B%%'%E{B'WEFQP%E?S’? SHRUMer with the
strength r S requjr t he 9

5 h
ool s Bt NEo pore e St P b D PRTBSBT B e eRBRpaERE 57 0d s
become "taErEX bERdT &ih?ta@@cﬁém#tﬁﬁﬂ& §th W QP%ﬂgreadlmmhm%VﬁmE%Kty and now

i nside the OCI am o e "tack Is carried to

t he Intersect mesyt VEpH}'lnTgh% pgmsﬁ.mu@hmma@@re%@wm@wmexm cWiskditnk he chop.
This effect covers the surface of the chop material and allows the

formati on mfwder t& babine ttdddTdiotn techast tradsfes wittethelfaref Orfck kelty anth og isdideties  saggi ng
or blow ng off

velocity stream of the flame, the "tacky” powder is carried to the intersect point with the glass

chop and becomes mixed with the chop. This effect covers the surface of the chop material and

allows the formation of a “mat" without fear of strands of fiber chop either sagging or blowing off

from the surface of the pre-form. The electronic controller 204 is programmed to provide

multiple layers of this slurry to build the required pre-form thickness and loft,

[0086]  Referring now to Fig. 12, a preferred embodiment of a scheme 100 for
mixing, preparing and delivering fluid to the robotic flame treatment device 18 of the present
invention is provided. In the scheme 100, a valve 102 is provided to allow a clean water supply
104 to flow to the 170 system then into one of two mixing tanks 108a and 106b. It will be
understood by persons having skill in the art, that the present scheme 100 provides certain
redundancies, as will be explained as the description continues, to permit the scheme 100 tc
proceed in spite of the failure of paris of the scheme 100. In a preferred embodiment, two
mixing tanks 1082 and 106b, of a type well known in the art, are provided so that should the first

mixing tank 106a fail, or be undergoing general maintenance, the scheme 100 of the present

invention can continue to be practiced. Mixing tank 106a is connected to a color tank 1083, to

-18-




fromthe surface of the pre form The electronic controller 204 is
programmed to provide nmnultiple layers of this slurry to build the required
pre-formthickness and |l oft. [00861 Referring nowto Fig. 12, a preferred
enbodi ment of a scheme 100 for mxing, preparing and delivering fluid to
the robotic flane treatnent device 18 of the present invention is
provided. In the schene 100, a valve 102 is provided POgasgpvzgﬁ%cl ean water
supply 104 to flowto the 170 systemthen into one o m g tanks
106a and 106b. It will be understood by persons having skill in the art,
that the present schenme 100 provides certain redundancies, as wll be
expl ai ned as the description continues, to permt the schene 100 to
proceed in spite of the failure of parts of the schene 100, In a preferred.

enmbodi nent, two nixin% t anks 106a and 106b,dﬁf a tqﬁe,mell Eg wn in the
art, are pRoRAcHRdesdankiifea andiofpaht eREicy tank {092 piixingignk 1Rl S5B%Y |, or be

under goi ng gener al i_ntenance, .the sche 00 aof the present . invention

can cont i nfEey %8”%%&@% @@cf?%%’?%&‘ﬁfwétﬁ&ié%gndﬁ%aEeg%nr?@(r:at% ecﬁﬁ%cgl a color tank

108a, to -%ﬁk% 2 SEP 2005 an electrolytes tank 110a, and to a graft

chem cal tan i%ga. M xi ng tank 106b is connected to a second col or tank

108b, to a Secgiasinel @CHhE BheydiisiSof hribéh tahdeOdsa &40 dodbOciéan SBIECHE sgfpaf s, cheni cal

tank 109b, [0037] In the operation of mxing tanks 106a and 106b, cl ean

wat er fr onasigplcyeni@itrom aupgly thoabit 108t especitvely, flandnif desipeg) oplodi@ecolor 109D,

respectively, (and, if desired, color fromcolor supplies 108a or 108b, as

wel | as el 2pplieiofa es10Bh, @rweliasglegtroivtes Tem elpoly 110ek 11l sgseastvelydry) are  drawn

or punped into m xing tanks 106a and 106b, respectively, in desired

quant i t i esdraweRdmPed ditcpiding grks A0RR apd, HIEb.kprBeHHYelyoin gesretventfiesy Ms@Sski 11 in the

art, contajned or made rt of mxing. tanks 106a and 10 .cause the

ol or ol ceorreEPERaTD brtons kb ) n KBPL Pt R o e BT s e

m xture. T, [ ' e, A 1) X - 06a and 106b,
e BBl el e oy, LB BRABH A i - RS

respectiv o val ve I spensi 116b, through

i nt er nedi adeBired\iblny€ SThé iddhedinbliudbidtRen VB v@hdtanik iosdiahd 1088 under st ood t hat
while a 3-way solenoid and a 3-

respectively, to valve 112 to dispensing mechanism 116a and 116b, through intermediate

valves 114a and 114b respeciively. Rt willbe understéod that while a 3-way solenoid and a 3-
way valve are shown in the Figures, other types of valves and solenoids can be used without
departing from the novel scope of the present Invention.

[0088]  Concurrently, nifrogen supply tanks 120a and 120b are provided, filled with
nitrogen gas 121. Pressurized nitrogen gas, as explained above, is a preferred prapellant for
use in the device of the present invention. As explained above, and in association with Fig. 3B,
propellant 47 can be infected into the burner 60 to cause atomizing of the grafting chemicals
and other fluids 46 to be propetled onto the plastic item 14 to be so treated. As shown in Figs.
38 and 12, nitrogen 121 and the desired mixture of color, electrolytes and graft chemical, are
sent, independently, to supply valves 122 and 124 and are, in a predetermined manner,
supplied to a spray burner 44, wherein the desired mixture is propelled and atomized, by the
nitrogen 121, onto the item 14 selected to be frealed.

[0088] It will be seen that the scheme 100 of the present invention can be practiced

in association with a control syster 130, as shown in Fig. 13. Control system 130 includes at
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way valve are shown in the Figures, other types of valves and sol enoi ds can
be used without departing fromthe novel scope of the present invention.
[ 0088] Concurrently, nitrogen supply tanks 120a and 120b are provi ded,
filled wwth nitrogen gas 121. Pressurized nitrogen gas, as expl ai ned
above, is a preferred propellant for wuse in the device of the present

i nvention, As explained above, and in association w thak %_—P"}B; ae Propel | ant
47 can be injected into the burner 60 to cause atom zigg2 - I‘rga%rafti ng
chem cals and other fluids 46 to be propelled onto the plastic item14 to
be so treated. As shown in Figs. 3B and 12, nitrogen 121 and the desired
m xture of color, electrolytes and graft chem cal, are sent,

i ndependently, to supply valves 122 and 124 and are, in a predeterm ned
manner, supplied to a spray burner 44, wherein the desired mxture is

propel | ed éﬁ?&”@ﬁ%’iﬁ”ﬁ‘é&'&mﬁ%ﬁs B8 U 1 whiglyean 1ake e IR £l piFRPTPEE (8% sel ected t o
-be t refat ed. 5%08%19%?9%{”3%& f%?ne%c?n?rn[ un&'| ‘F‘Itd, ét rggot cc{nﬁcﬁigrﬂ% Oethoc}cf WF\IC cia resent

i nvention & I nassoci ation em 130, as

shown in Fi a:l-ribi ME%PMI%Y&Etﬁﬂ?aﬂé&séowwq'%ﬁw@tand&}%réeg §EP 2005 least the

follow ng e 15, which can take the formof a m croprocessor
(not shom@m@nemmﬂﬂmaye w@Gnoven il haa® CRid E@teriD,tmal hdther@ohbod control | er
112, each of which can be, for exanple, a variety of different

ni cr opr ocessders 194, & Hisplayrioit y4tand dajd input metred82 @riuding anp opeoorentesf akdych are wel |
known in the art. Control system 130, may further conprise a nodem 138, a
di spl ay unibeard.perdaeadergrceaner. spARRINGAexins UPZ Zodeispiinedindigy meanse).obmetrdr nore of a
key board, card reader uj?%Smner scanni ng devi ce, UPC code scanner and/or

mouse), CoY¥Hr 1204y Eeidss aﬁﬁoméfﬂfC%ﬂ?rcfv?fa%%‘*%artnac%%ﬂ.sv@é@m GAtheans 144

| h 104,

comecti 1, cnigglHETDe S RSG50 SRR LSS, .
| 109 A .

Soehan S ﬁaﬂ%ﬁ%@'&ﬂ%"%%?%%2*5%8%’"?%5‘%%61 M Al [ooso)

Per sons hawieiginshi i 16aiafd 1188 a@f ditradéd dupgliec@gabmaezéthat an industrial conputer,

such [0090]  Persons having skill in the art will recognize that an industrial computer, such
as an Allen Bradley industrial computer having a Micro View operator display on the front of the
panel, or other similar computer device, can be used without departing from the novel scope of
the present invention. Each element of control system 130 is connected to communications
means 144 in manners well known in the art, including by various types of well known computer
communications means including USB connections, SCS! connections, Infra Red connections,
Blue Tooth connections, serial cable connections and paralle] cable connections and other
connections known in the art. |

[0081}  Referring to Figs. 15, 16, 17 and 18, a number of systems are shown and wil

be described, hereinafter, and that a number of the systems shown comprise redundancies. |t
will be understood by persons having skill in the art that while typically, a redundancy
comprising one mare unit is shown and described throughout this description, and in the
accompanying drawings, any number of redundant units may be used, and such units nead not

be equally redundant (for elxampie there can be 3 redundant propellant tanks and only one

redundant water tank in a system) for each element of the invention, without departing from the

-20-



as an Allen Bradley industrial computer having a Mcro View operator
display on the front of the panel, or other simlar conputer device, can
be used without departing fromthe novel scope of the present invention.
Each el ement of control system 130 is connected to conmunications neans
144 in manners well known in the art, including by var :i'lgs Eﬁpgs of well
known conputer conmunications neans including USB con tS S+GU§CSI
connections, Infra Red connections, Blue Tooth connections, serial cable
connections and parallel cable connections and other connections known in
the art. [0091) Referring to Figs. 15, 16, 17 and 18, a nunber of systens
are shown and will be described, hereinafter, and that a nunber of the
systens shown conprise redundancies. It wll be understood by persons
having skill in the art that while typi I redundanc i sing one
more unit iV FSRAHOTMFPERESLMEEEY Fﬁ’ﬁ?%dﬁ'ﬁ%h? %?W?%“C'S%Ea ??eﬁf' ¥%°§"?%d in the
acconpanyi ng draw ngs. .a nu K i and such
uni ts need %B‘Eua Eacgﬁ'ng]el%éur?ségﬁﬁS%n{de%ﬁwggﬂ%#gk%ﬁfg@?gﬁa egag@nr edundant
propel | ant ' Mdr 2B LN faAdhd Libe-Avepdsstal) for each
el enent of \{/ elﬁa?'ﬁ\%g%%ﬁo%h%{dew fahrgiutﬁ@a‘{e}%g{rti ngbfromthe -20 %ééz SEP 2005 novel
scope of t h@iraRMmRSAY toroiéSdthdcdd) valeslaridierer elattiinis enaly beused duhabasitersgido have been
shown to be of equal capacity in the figures, it will be understood that
di fferent Siezeequbeand daseatH redundBCegyattiovrdepariay om thenkvel ssoreef bepressiki dered a
redundant tank for a 20 gallon tank and vice-a-versa) tanks, storage
means, condoent®n. sensors, val ves and ot her el enents may be used, and
considered to . be adequate and desirable re

( : e un(Tj ncies, W tg?tlt departing
fromthe novel BE%be SEeriierpy BSEnt* @ PRTEHEFEIY P OWesT syl AT YT ow to
Fig. 14, a rseﬁ%ﬁﬁﬁ&t Fi:s;\%gowﬁ.{ﬁ&twgg{ngiée}t%dﬁrgﬁﬁg@cgrgs?cln%f %5.112,@5?§t%ﬁga'vin s used in

Fig. 12, i & . i'cated T I'scusston o 2, a system
having sevgral 4y %H&é%ﬁ'ﬁ@\?de%iﬁlt R Qé’l!Frrg@rgtoodll:typ)é‘ﬂsMs hBfhgeRIRRtAGAt Y persons
e

having skill 1n the art tha nunber of 'redundanci es provi ded and
expl ai ned idumbéH obred@RigHdad bioGiled tAY SxpRREdIn tRdRsdription hele bednanade in order to

accomplish a number of goals. Primary among the goals is the goal that a system made with
such redundancies will not have slongated periods of idieness as a resut of breakdown, normal
maintenance or supply. With duplicate lines of supply breakdowns on ane set of lines can
typically be repaired while work continues using the afternate line. Exhausted supplies can be
replenished while the redundant supply is in use and maintenance on machinery, supply tubes
and line and carnisters or other volumetric holding systems can be made without interfering with
the operation of the various devices. it will be understood by persons having skill in fhe art that
such a system of redundancies can be made as shown or with a variety of modification and
manners without departing from the novel scope of the ﬁresent invention.

[0083]  Tanks 120z and 120b are attached in parallel to fines 132a and 132b, which
comprise means both to permit flow 133a and 133b of pressurized nitrogen gas, or any ather
prepellant used in the present invention, and means 134a and 134b to communicate the staius
of tanks 120a and 120b and the means to permit fiow 133a and 133b. |t will be understood by
persons having skill in the art that means to permit flow {133a and 133b} can be any type of

conduit including PVC or copper tubing or tubing made of any material having similar desirable
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acconplish a nunber of goals. Primary anong the goals is the goal that a
system nade with such redundancies will not have el ongated periods of .

i dl eness as a result of breakdown, nornmal maintenance or supply. Wth
duplicate lines of supply breakdowns on one set of lines can typically be
repaired while work continues using the alternate |line. Exhausted supplies
can be replenished while the redundant supply is in uina@@PqHMQtenance on
machi nery, supply tubes and |line and canisters or other volunetric hol ding
systens can be made without interfering wwth the operation of the various
devices. It will be understood by persons having skill in the art that such
a system of redundanci es can be nade as shown or with a variety of

nodi fication and manners w thout departing fromthe novel scope of the

(O ion. [0093] Tanks 120 120b attached i Ilel t
[l nes. 1320, SR B8 OGRT tt e R L R re o B AT R bR 1552 and
133b of 1 | i : I inth |
oresent | nventy e rounobeSae R R A BT R RRI I B, s

tanks 120a asuhgLR0R theRE, thittefRaADA 501128 I FbohmidiQW He3B8is 3 IBRD120kt Wi I | be
understood by persons having skill in the art that neans to permt flow

(133a and 1338biR0and thedlommyeatsylpea anfl 133bQuaclbe df ahy e dfieR@r AV Comungaiger tubi ng
or tubing nmade of any material having simlar desirable -21 2 2 SEP 2005
properti es, Meaifddioe oresgusx letbesatiralybige and waight sertsbre endtoppbe infhe omdiii t  havi ng
simlar desirable properties know to persons having skill in the art
Further, it Wi 9rwirgless gorayricetinndevidsy persons having skill in the art, that
nmeans 134a and ;0?64‘& t%?om’runi,ca}___e the status of both tanks 120a and 120b
and the flow melfe 1333874 a9aHp Fioc'4t Witbesperdia) tepkpi0aAnd 48R &6r and

communi cat i gy, 'igﬁ&he‘{fﬁgegﬁpﬁﬁg@&e?%&%%grpérﬁzpﬁr\"%\tlelf'.ri r%a%{ ﬂ?\fr??hune and wei ght

sensors and can be I n wrel'ess ¢ €% on devi ces.

[0094] Ref edekitdp@ na@ai ohask@izéd ik ot otV bbndiSht B8l 23 120a and 120b
are, eventually, at tpacshed torogérhﬁga? gb%ti%: pspr ayer ZO giﬁgéﬁgér(%ngr 44,

However, i m3eb ideudetaouinbeuf engor ardesdssupdedods lsaul a0 frofrshSaun Figad Tisks ogen gas,
or other propellant, to burner 44, |ines 132a and :
devices can include, a high pressure regulator 136a and 136b and a low pressure regulator
138a and 138b having pressure switches 140 placed, respectively up and down stream of th.e
high and low pressure regulators, at a number of locations along the path of the propellant gas.
The pressure switches providing data concerning the volume and pressure of the propellant
along lines 132 fo a computer or other monitoring device, which is described above, and shown
in Fig. 13, and will be described in greater detail below. Flow meters 139 can also be included
along lines 132 so as to measure the flow of nitrogen gas 121 {or any desirable propeliant gas)
through lines 132. Flow meters 139 allow controller 112 to.confirm the presence of gas within
lines 132. 1t is understood by persons having skill in the art that pressure may often be present
without flow, flow meters 139 will aflow control system 130 to verify the presence of desired gas, -
and upon the detection of no flow can cause the redundant gas systems o be energizéd to
provide the necessary propellant,
[0095] it will be seenin Fig. 14, that redundant propellant gas sunplies are joined

togsther, by means of valves 133, of a type well known in the art connected to sensors 156 {of

the type previously discussed), to a single feed line 142, A pressure switch 140 is provided on
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132b include a nunmber of sensor and pressure devices such as those shown in
Fig. 14. These devices can include, a high pressure regul ator 136a and
136b and a | ow pressure regulator 138a and 138b havi ng pressure sw tches
140 pl aced, respectively up and down stream of the high and | ow pressure
regul ators, at a nunmber of |ocations along the path of the propellant gas.
The pressure switches providing data concerning the volune and pressure of
the propellant along lines 132 to a conputer or other nggpammg, devi ce,
whi ch is descri bed above, and shown in Fig. 13, and will be described in
greater detail below. Flow neters 139 can also be included along |lines 132
so as to neasure the flow of nitrogen gas 121 (or any desirable propell ant
gas) through fines 132. Flow neters 139 allow controller 112 to confirm
the presence of gas within fines 132. It is understood by persons having
skill in tHeeddine T42Haiproyiedaaspaek taip mohitodty syteppidisestatus ofihe peRdliant 945V £ | ow
neters 139 wll allow control sgsten1130 to verify the presence of desired
gas, and Uph"E ﬁa@aaél’a%?chﬁ? BYFHG: f1 ow can cause the redundant gas systens
to be energized provi de the_ne LY. Dr I | i1l be
seen in Fig. 14[,0[3%1|at Rr%?eéﬁi’}%a"a‘”n? Fﬁr@giﬁﬁ%ﬁ%‘ &a’ﬁﬁ%ﬁggﬁd&s& ?’g}s]tegf 1r?\(gl’ld

toget her, hy, BRANSAmPMESHULRR andMordde bYdREn Wk, udeB AR drdpatali oiiht connect ed
to sensors 156 (of = the type previously discussed), to a single feed |ine
142. A pr espaff desivdld & the bdDerit Bivgpitiary is Ao A vald2i 52 céhn&lihy 240%e tfaatdr| i ne 142 to
provi de feed back to the nonitoring systemof the status of the propellant
gas in feeuphi, Aeh ddPaigsovided igype oanidiraly, tuthereater4upph{rodiodn Refséaradeng now t o
Fig. 15, a water supply purification and storage system 150, conprising
equi pment  fsgTerp i Wdueows Atasird e epndid 56 of F bancapaties’ caryie @ Welsr SURRlY.

ti f th ft 1 gal f th t ti [ h . A
e Ry L PO o LU RSB DGR Bk 5 S,
i cipalit t ; \ i i . t 150 i
5o 1Pl B S SBB B bR B B 88yl 120 1
supply, anghigr ﬁfaeprreﬁéﬁg}ﬁ eRbodfndny FHehe WGP inRInRH RSLIA 58 dSdddQuith ERGPOr t wat er

w t hout addi ng | eache
elements, such as the pressure sensors 156 shown in Fig. 15, If will be understood, by persons
having skili in the art that the addition of sensor elements is optional in a water treatment facility
and that such a facility can be made with no sensors, or more sensors than those shown in Fig.
15, without departing from the novel scope of the present invention.

(0097]  Water passing through conduit 154 is passed through an initial filter 158 of a
type welt known in the art, for removing suspended particles, colors, odors and other
contaminants typically found in municipal and other water systems including potable water
systems. After passing through the initial fitter 158, the pressure of the water is measured, by
sensor 156 and the measurement is reported, through means well known in the art, to control
systerm 130 (Fig. 13), as the water continues in conduit 154 to a valve, preferably a "T" type
valve, 160. Valve 160 is provided to again present a redundant system for water purification.
Valve 160 allows the filttered water to proceed, through conduits 155, to two separate reverse
osmosis treatment stations; RO stations 162a and 162b. 1t will be understood by persaons

having skill in the art that RO stations 162a and 162b, each having a circuit breaker 163, tying
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el ements or contam nants, such as pi pes nmade of PVC or other plastic
materials or copper piping. In a preferred enbodi nent of the present
invention, conduit 154 is provided with sensor elenents, such as the
pressure sensors 156 shown in Fig. 15. It will be understood, by persons
having skiff in the art that the addition of sensor elenents is optional in
a water treatnent facility and that such a facility cikmgawth no
sensors, or nore sensors than those shown in Fig. parting
fromthe novel scope of the present invention. [0097] Wat er passing t hrough
conduit 154 is passed through an initial filter 158 of a type well known
inthe art, for renoving suspended particles, colors, odors and other

cont am nantﬂ.sl sstteXBr'] fc\:%lelct}fc‘rgr%?{]&!seﬁ B L ﬁ1'e ancP&ﬁLr ?a%] fil anfRbR mn?%%ﬁtn%m‘? i ncl udi ng

pot abl e wat'er passi ng rough e 1nti a ter 158, the

pressure ofthémervg@&p@rma%aﬂﬁmwk%%[pmeaaensor 156 and the measurement is
reported, through méans well known in the art, to control system 130 (Fig.

13), as the vvatpnssyonwemeﬁzergungmﬂmsﬁaﬂewmztaemmemaﬂrawthrmrgefmﬁahl y a"T"
type valve, 160. Valve 160 is provided to again present a redundant system
for water pasiphiteeatsbonss, whiah reportiBBsad incowsiuitsHES foichttelsgslermaileandtito pr oceed,

t hrough conduits 155, to two separate reverse osnpsis treatnent stations;
RO st at i ons'otge &nis . Treereferred apibpyimend vakRid PG censtie Bhrlopleg 36y foMavi ng skil |

in the art that RO stations 162a and 162 each h? ? circuit breaker
163, tyi ng coaisyTob el 196(PrPYed of SRR 10 oR ! SARHOF ek {50, faraeﬁgead Lo remove

netal s and Otbgag%r[gleﬁ C{,n@earts&?@%@%ﬁ@%{ﬂ?‘lf;gaﬂg@: :,Ja%mw&a%w%% ina

e
manner wel I%RA errer atl ons 162a

and 162b trgygls &é’c@rﬁ Q5GSBS %uchjﬂﬁa'{sa cRBSkr, SERIGH ?Olc%ﬁo M Gl lRpOr t

pressure in conduits 155 to control system 130, an into a storage tank

164. I n a prefecsRdiseabasidsrit , val ves 166, capable of closing off flow
from conduits 155 to tank 164, is provided on conduits 155 near storage

tank 164. | n a IS8T er Aechn bersbandn Figrt, a tedkdd sivambeef pli6ied watepi70k ipdeidedni t h neans

168 al | ow ng communi cation between control system 130 and val ves 166, such
that a contTdppeferedembarimeatianiaty0 iscip wslve mlagic weleplgst stamrue tank, it will be

understood that any tank, of any size and material, capable of holding a desired amount of
purified water, without effecting the purity of the water, can be substituted without depariing from
the novel scope of the present invention. It will also be understood that, with a system having a
sufficient size and capacity, purified water can be created and used as needed, without the
requirement of storage, without departing from the novel scope of the present invention. K wil
also be understood, by persons having skiff in the art, that, while it is desirable to make 2 supply
of purified water, purified water, having desirable qualities, can be purchased and used in the
system of the present invention, without departing from the novel scope of the present invention.
Typically, a redundant water tank will be found unnecessary, however, it will be understood thai -
| providing a redundant water tank for the present application will not be understood to be a

departure from the novel scope of the present invention. In a system in which purified water is
either praduced as needed ar purchased, a redundani water tank can be utilized to afford the

protection of an emergency supply of water.
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or nore conduits 155 as desired. 100991 As can be seen in Fig. 15, a tank
for storage of purified water 170 is provided. |In one preferred

enbodi ment, tank 170 is a 30 gallon plastic water tight storage tarlk, it

wi |l be understood that any tank, of any size and material, capabl e of

hol ding a desired amount of purified water, w thout effecting the purity
of the water, can be substituted w thout departing fron?\g$ﬁpn§@l scope of
the present invention, It will also be understood that stem
having a sufficient size and capacity, purified water can be created and
used as needed, without the requirenent of storage, w thout departing from

t he novel scope of the present invention. It will also be understood, by
persons having skill in the art, that, while it is desirable to make a
supply of puri fjoes] vvalremrﬁermjmnﬁmre‘ﬁ swart}@f Puﬂfﬁl\mawga Brabiwitefol 78, ajfecbd i es, can
be purchased and used in the system of present invention, wthou t

degar Ej i ng f raownehEbioveded (é’@'ﬁ'étaﬂf 7Pl ﬂ'Br"é%r@tf?f‘ of igdtenitan dfe shogd ﬁ?eﬁei'%(F'I%/
inder st ood it Tl i e o Pl RS ik o B
application X"%Jnh gﬂati lﬂﬁox}éﬂ qg{sﬁﬁ%@% th?coﬂ{?ol %ﬁtegﬁi%é‘roﬁ H?féﬁ:g dj‘h‘PWtOt 1}8%{3%6' Scope

of the presen ei t her

produced as NeefRdeRl wgmﬁ@m l@pﬂ\f@@ﬁ»ﬁﬂ%ﬂ‘i?%@él@% plrREHAR R merh&subézl zed to
afford the protection of an energency supply of water. -24 2 2 SEP 2005

[0100] I n or@ertarka7o@maivtiRed bleagRpkireOfrabthemichied wikte efplametl inaRtail swi t ch 172,
attached to a sensor 156 is provided within tank 170. In the operation of
float swit cleld#2Pickshtubb d74 dze bb exadd in arfy usafid tranner, howeaerkin 4 p@fefrad | bel ow a
desirable level, ball 172a will sink and cause switch elenment 170b to send
a signal, twwwﬁﬁr\%éﬁ%@@@wr 1Stabelpmﬁétewh@ msHe gryfereklyel T30 plastis odkoppiray uni t
140, to |nd|c g eve ckup tube 174 is provided in tank
170 to al | off PO % F’iﬁﬁ%@a’ﬁ}é@@‘d Ping s 'P\@%W&TA Btrﬂdﬂaéﬂrﬁ”i%pﬁﬁﬂd‘ﬁ’??? zed to

create the desif s wll be explained in detail -below.
Pi ckup tube 1% ?F&w &g m@ny étfjlseful manner, however, in a preferred

embodi ment, pi ckpat Ubﬁa lifdhorted cABodtheAN BRI 4 Bfta FBAG, DELTRTAMN Of PVC
pl astic or copper,
info tank 170, and is secured to fank 170, by means well known in the art, so that the lower end

174a of pickup tube 174 does not touch the bottom of tank 170. In this manner residue which
may exist at the bottom of tank 170 is not taken into pickup tube 174 during the operation of the
device of the present invention, as will be described below. Pickup tube 174 is attached, at its
upper end 174b to a conduit 155, which is attached to a pump176, which can draw purified
‘water out of tank 170. it will be understood by persons having skill in the art that conduit 155
used between tank 170 and pump 176 can be of any desirable type, including those previously
described, as well as conduit made of flexible materials, such as a hose, without departing from
the novel scope of the present invention. Pump 176 can be of any type that can draw purified
water and provide the water at a desirable pressure to the remainder of the device of the
present invention. In a preferred embaodiment, a sensor 156 is provided in association with
pump 178 such that pump 176 can be monitored by the control system, and the pump operation
can be displayed, if desired, on disptay unit 140. Purified water, is pumpad, by pump 178, to

mix tanks 180, as shown in Fig. 16.
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or other stable material, and having its |ower end 174a cut at a di agonal
to the pipe's dianeter, so as to provide an oval shaped inlet area. 50101]
In a preferred enbodi nent, the lower end 174a of pickup tube 174 is placed
into tank 170, and is secured to tank 170, by nmeans well known in the art,
so that the lower end 174a of pickup tube 174 does not touch the bottom of
tank 170. In this manner residue which may exist at t@??b§§PQﬂ}§f tank 170
is not taken into pickup tube 174 during the operation® g vi ce of
the present invention, as will be described bel ow. Pickup tube 174 is
attached, at its wupper end 174b to a conduit 155, which is attached to a
punp 176, which can draw purified water out of tank 170. It wll be

under st ood by persons having skill in the art that conduit 155 used

bet ween tank 170 and punp 176 can be of anﬁﬁggflrable a%g t% udi ng those
previ ousl y des@?@%edRaﬁgm%@W”Oﬁg1@6Wﬂ%?¢m ngna AufEd @SW@W fial's, such
as a hose, without parti.n e, A0 e r

i nvention. “BUAS® T%gg Oﬁml?detg is{stté?" 13f[ahu§zﬁ: h 8‘%99% 'nfogmat op|%fﬂlpeeggrgwat er and

provide they %E@EeﬂSO%ﬂ%béC@Qlﬁ% a%l?o?l@wf E’unﬁé?i v dB\ﬁrﬁ@éa‘?r%Fn i wdidpe devi ce of

the present ention. In a preferre mbodi ment, a sensor 156 is provided

i N associ atdyaatth bibtenP150P Canfilit £58 WthdnlRat syuabiing plrfed waé}cb@bmwémbetd by the
control system and the punp operation can be displayed, if desired, on

di spl ay unil¢astit40 mixRgitsitdr tankh 1888 ad,180bs Whikpie egitatostapamd c&¥ 6 ofey mi x t anks
180, as shown in Fig. 16. -25 2 2 SEP 2005 [0102] Referring now to Fig. 16,
t he condui tdegimbe smqpﬁandrrgatﬁ@r it il Beturersterd. ihat i RSPREGMORAITER". 828 &S or 156,

connected to_contr

of the syst¥A 5" (1)% e %‘S eog]ﬁg‘éfte”aﬂ gntt“HLéw ; g‘f\{lf’ﬂ:ﬁ ﬁ%n[]eg%%ﬂ E?df‘fagedtoagt gPer ator
downstream fr 8{'},—, cglgth%@hqegnd ;Jafl Ca?%és??g?%ﬁ{ IR%}%WX ag %Hk% 18%ar’§ho' S t hen

split such Th purified vva Irec eas

agi tator t aksad §0adAMh ngtgrbentrW&!vle@w'?& éndqgtbtr@ép%tlvélyaﬁ%ﬁ véh%%eﬁ@n be Of any

desirabl e shape and material, 1t will be understood, that in a preferred
enbodi ment att@hedto Ais¥nsoddhid taanawr mﬁadukmﬂgaee dostrorBdemabo @ mamtaer i al that W11 not
effect or be affected by the purified water or
communication, cause purified water to be added to tanks 180a and 180t and to aitow for the
shut off of water to the tanks, in a manner such as previously discussed and which is know 1o
persons having skilt in the art. It will be seen later in Fig. 17 and as the description proceeds
that tanks 180 are used in with respect to the addition of the graft chemicals, colorization
slements and electrolytic elements described he}ein.
[0103]  Agitation devices 184 are provided in each tank 180, and, in a preferred
embodiment, comprise an electronically activated motor having an elongated shaft 185a and
mixing element 185b. It will be understcod by persons having skill in the art, that agitation
devices 184 can take any form which will cause the desired agitation of chemicals and water as
required by the processes of the present invention. Agitation devices 184 are further attached
to sensor and activation devices, as used with other elements of the present invention,
described herein.
[0104] As shown in Fig. 18, a preferred embodiment of the present invention

includes drainage from tanks 180 through a hopper-iike device 180d, such that agitated fluids

are withdrawn from below the tanks 180. It will be noted that tanks 180, in a preferred
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any chemcals therein, and are typically at least 15 gallons in size. MX
agitator tanks 180a and 180b are provided with water entry val ves 182a and
182b respectively, each valve being attached to a sensor and actuator 156
allowing the control system 130 to maintain communication, cause purified
water to be added to tanks 180a and 180b and to allow for the shut off of
water to the tanks, in a manner such as previously discussed and which is
know to persons having skill in the art. It will be sgzrh I %Rler in Fig. - 17
and as the description proceeds that tanks 180 are us ® 'Qﬁﬁﬁrespect to
the addition of the graft chemicals, «colorization elenments and

el ectrolytic elenents descri bed herein. [0103] Agitation devices 184 are
provided in each tank 180, and, in a preferred enbodinment, conprise an
el-ectronic At ' : ngﬁﬁ shaf t . d mxing
el enent 18?%@6??1 86& %ﬁ?‘&%ﬂ p%% gﬁtgtg @%%&gnf%ae]?l]s%hs 2\%"’?\%%5%#‘%%%39 he art,

that agitatineRue dRVichRets 484hks 8. EARQANY prbRcB WY Gddiahidiics 4884384 s he desired
agitation of chemcals and water as required by the processes of the

present i nventsdctom.beihged taé tispiay devde 66 ahBthe aongol bystetnn &) adifitoasihesn t 0 sensor
and activation devices, as used with other elenents of the present

i nventi on, archuste piiyeds and cedmials [i010id]s states sheakier) havingkrgwn $@cifiagrpities er r ed
enbodi ment of the present invention includes drainage fromtanks 180
through a HSPpeyTeHiorgalanctae adgtien of apRERrathand dasypliednelnt pihegicalsang wi t hdr awn
frombelow the tanks 180 .. [t w || not hat tapnks 180, in a preferred
-26 2 2 SEﬂvaﬁ%ﬁ@abeer%egaLi’r%‘ﬂ??Corgl?r@e 3@@‘3‘3 %ﬁ‘@g‘ég‘%ﬂwa M el ectroni c scal e 186,
whi ch provides gqgspi 0y ,Jg@,g{ég, & sBASH ; el S,180. Each
scale is provi dfebd \;VI t h?’% I spflgy’sﬁevi ceEgg%ibeaén@mé]@@{g%ﬁﬁiﬁh?%ﬁﬁ%et ween t he

di spl ay dewiurearkSRmpagiterd REthsraRhd 84 paaYd te dbvidBYr tROisHdehiOie®bn kSVave:  anount s
of liquids and chemcals in various states of matter) having known specific

gravities depaibaddielowetric information, the addition of appropriate and
desirabl e anmobunts of chenmicals and_water can be nmeasured in accordance
with the wei ghtfﬂbq’slt h&etetsing nevae Fient 7. the addition of graft chemicals and other desirable

elements are shown, It a preferred embodiment. 1t will be understaod that the addition of
chemicals is made into tanks 180, in a manner similar to that described with respect to the
addition of purified water into those same agitator tanks 180. As can be seen a tank 188
containing a graft chemical is shown. It will be understood by persons having skill in the art that
any type of tank, having desired properties, such as the ability to contain the grafting chemicals
without being affected thereby, without departing from the nove| scone of the present invention.
A pickup tube 189, a conduit 155 and a pump 190 are provided as shown, all operating In
manners similar to those previously described with respect to the water purification system
described above. It will be understood by persons having skill in the art that modifications to
these devices, in any manner that will allow a grafting chemicaf to bé provided to the device of
the present invention, can be made without departing from the novel scope of the present
invention.
[0107) Monitaring systems providing the status of pump 180, conduit 155 and the
grafting chemicals are provided, aliowing monjtoring at the control system 130 in such a manner

as those previously described. While Fig. 17 shows a single graft chemical tank 188 and
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[ 0105] Appropriate valves, sensors and a punp are included to aid in

w thdrawi ng fluids and punping themfurther along the path of the device
of the present invention as will be described below [0106] Referring now
to Fig. 17, the addition of graft chem cals and other desirable elenents
are shown, in a preferred enbodinent. it will be understood that the
addition of chemcals is made into tanks 180, in a manner simlar to that
described with respect to the addition of purified m@@rg[mmgl?hose same
agitator tanks 180. As can be seen a tank 188 containing a graft chem cal
is showmn. It will be understood by persons having skill in the art that
any type of tank, having desired properties, such as the ability to contain
the grafting chemcals wthout being affected thereby, w thout departing

fromthe novgles %%ml%e%dfg{;mpé ﬁ@?&'&he BRI Do prodinfhEISHR tﬁavgﬁeda#d%m a

conduit 155 rovi pera
Mariners si r&éﬁ%ﬁerﬁuéﬁi iaH@(%?m&’é 8\h Qdé%dé s?k‘i‘érﬁ‘s%é?%’g Mbided Mfﬁﬁ%gdopé & tﬂiéﬂe wat er
e

purification system described above under st ood by persons

havi ng ski |l lprdsentinentigr.t that nodifications to these devices, in any manner
that will allow a grafting chemcal to be provided to the device of the
present inventi dAt08tanObes agaidecomiuit hehran brefiddedi asghdwndniia. A6 smiwel scope of

the present invention. [0107L Moni t ori ng systens providing the status of
punp 190, cawiidanciasimcheRyratadditiongembs Tadg BB Aheminads afded 1B ORAGHILATP Suglt | owi ng

descr i bed: W1 8 SRgrenty R b T AyDE 1aPt ST Aol S iR hnd - 27 2 2
e SyStc;?rQof'thetgﬁﬂchemlcal g:r?fqa ngkﬁ%qe.ag}t%lo t%]rﬂ%o %ierﬁwglﬁ'ﬁg{o%g a?o%lt%arﬁ of the

present invention are re than one)

and syst ems 1gRys Bewhh @?@:s%ﬁn&ﬁﬁ &}!:ﬁd@%%@ B:%w&éfd In%mfﬂe@%ﬁﬁﬁd:rﬁéﬂi’%”t 1on.

[01081 Once agai n, conduit 1 can be divided, as shown in , SO that
r edundanci e%dbﬁdaﬁt@%ﬁérﬁﬁb cAiflgtr 1918 araarproka@ednmdm be §deathbt PEEINE @}Imdie‘is added to

condui t - 155 such
191 are provided with means to cause chemicals, contained therein, to be dispensed into
agitator tank 180 through conduit 155. A full switch 192 and an empty switch 154 are provideg,
each having sensor means to allow the reporting of the condition of the dispensing cylinder 191
(either full or empty) are provided.

[0109] It will be understood that when the dispensing cylinder 181 is full, the full
switch 192 will be activated, and as the dispenser empties, the empty switch 194 will be
activated. The inclusion of redundancies in the present invention, allows the control system 130
to select a second dispensing cylinder having chemicals when it receives notice, from sensors
156, that a first dispensing cylinder is empty. Further, the use of three dispensing cylinders
a!low; the inclusion of different chemicals to be added in different quantities to be added to
agitator tank 180.

[0110]  Referring now to Fig. 18, a final dispensing cylinder 198, linking the mixed
chemicals coming from agitator tank 180 to the robotic sprayer 44, is shown. A conduit 155
pfovides product from agitator tanks 180, including purified water, graft chemical, color solutions

and electrolytes as explained in detail above. It will be seen that the actuation of the dispensing |

cylinder 198 can be electronicaily controlled using the following equipment: an encoder 197, a

-98.-




that it is subsequently deposited into one or nore agitator tank 180. A

val ve 182 provides access of the graft chemcal to the one or nore
agitator tank 180. Internediate to agitator tank 180, as shown in Fig. 17,
di spensing cylinder 191a is provided. In a preferred enbodi nent, a
redundant dispensing cylinder 191 b is also provided. It will be seen that
di spensing cylinders 191 are provided with neans to cause chem cal s,
contained therein, to be dispensed into agitator tank gQOSgprmgh condui t
155. A full switch. 192 and an enpty switch 194 are provided, ~each having
- sensor means to allow the reporting of the condition of the dispensing
cylinder 191 (either full or enpty) are provided. (0109) It wll be

under stood that when the dispensing cylinder 191 is full, the full swtch
192 will be activated, and as the dispenser enpties, the enpty switch 194
will be aciesacieaor 9he bahearayrsi9 AN PiYRd SRriRm ERRE 1V KiHE 'rbtiqgérg(ﬁtfd i nventi on,
allows the control system 130 to select a second di spensing cylinder
havi ng chendeegPed WHeH deta! PR ves notice, from sensors 156, that a first
di spensing cyli i s, enpt E - | LNg
cylinders all o@gﬂ]he ﬁ'Wgﬁtﬁqtoéﬁ%gr{ﬁ@g{gpfsé?tgﬁ%ﬁ@ﬁgiﬁaéapgo(aan gﬁgbégf;d in

di fferent qu@ b ' k | ndReferring
nowto Fig. "1 %H%M?%ggﬁmﬁﬁgﬁgﬁ?ﬁ%&ggﬁﬁﬁﬁﬁﬂ%g?ggﬁm#?nﬁﬁﬁaﬂgﬁggnixed

chemical s camyR@ iitErasTop@hdr abrifuricatiths h&Ms.t Enchdaet g7 aiatteccosipicY Brcorfdl | S
shown. A conduit 155 provides product fromagitator tanks 180, i ncl uding
purified wadystem 18 sufthat cdnérnlisgsdm 13akeontsadtha ppamation ofdirednest editatoobngdt es as
explained in detail above. It will be seen that the actuation of the

di spensi ng subseriantiethe hajgcrew A%%wnd dedegrecsh vbigh Aisjorci9ht i Btrrasepdugieafjdt he
foll owi ng equi pnent: an encode ,_a -28 2 2 SEP 2005 |inear actuator
13, . bal | Mo 638 e BR oreBuif i Rarmmente e R ontt ne.ar
(and descrj.bed i r il .bel . ] ntroller 196
IS actuatedﬁ?%ﬂﬁﬂ%ﬁgg“ﬁP%§§§§%§ﬁﬁ%@m%Féﬁg%%#%”@?°@%3%§853%ﬁﬁ% %ﬁ%tion gi ven

ei ther by &3hQRAlal6AR feRbdreandOpoRing QatbieQhdyRlsly REDHHEL, Wit bosRbReh #Rd
modifications to the chemical mix made, as needed, prior to such chemicals being directed to
the sprayer 44.

[0112] It will be seen that the addition of the desired chemical mix from agitator tank
180 is sent aiong a final conduit 155 to the robotic sprayer 44, propellant is added to sprayer 44,
in a manner discussed in detail above, and thereafter the chemical mix is .prope{!ed onto the
itam 1o be painted, in a manner previously described.

[0113]  Referring now to Fig. 19, use of redundant systems in the paint part process
is explained. The steps of the process include providing the redundant systems shown in the
figures, and for example, with respect to the chemical supply and propellant systems, 1)
drawing from the selected dispensers and propellant, 2) deciding if the selected dispenser is
below a threshold amount, 3) if the propellant is low, switching to the redundant tank, 4) if mix
tank sensor reporting Iow volume, switching to redundant tank, 5) finish painting the part which
was to be painted, as desired. It will be understood by persons having skill in the art that other
methods, and/or steps to the disclosed method, of providing chemicals and propeliant can be

utilized without departing from the novel scope of the present invention.
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using the Internet or other conmunications neans. Encoder 197 is further
connected to control system 130 so that control system 130 can control the
operation of the linear actuator and subsequently the ball screw 195 and
the degree to which piston 198e is depressed, releasing the m xed fluids
(fromagitator tank 180) to a conduit linked to a receptive portal in
sprayer 44. It wll be understood by persons having skill in the art, that
i nformation received at control system 130, fromall 2f t% senssors and
reporting stations previously described, will be asses e%l d 200

nodi fications to the chem cal m x nade, as needed, prior to such chem cals
being directed to the sprayer 44. [0112] It will be seen that the addition
of the desired chemcal mx fromagitator tank 180 is sent along a final
conduit 155 to the robotic sprayer 44, propellant is added to sprayer 44,
in a manner di de1idsedRefarmdenc b Figif\vies mamer of merreatia eitidnhebechprigal m x is
propelled onto the itemto be painted, in a manner previously described.
[0113] Ref &M ndBenddnatides tha geps ok &) erpvidinacirdetamtned yentipandioualbyng pai nt part

Pequndant S0 Bl et 508 HEBR  rt-adulRhee i e Batiane Betiremal s poct 1 o
the chemc ANk ] t 1 drawing fromthe sel ected
di spenser sggdn%%gﬁhel I arqtgf'd)@)ghhem i ng Ifmeehuen&esr%t?oé@f’gﬁg%s é%’@ﬁ?@'f’”i s bel ow

a threshol deamuirttiy. 28)epeberitdsimSiRRRbl 84 of Sprk@Wa m¥Hol G tﬁeﬁthte‘a dyfae redundant
tank, 4) if mx tank sensor reporting |ow volunme, swtching £3"°r edundant

tank, 5) f padishsspahein ngviamepa@pranaﬁbmmthe}b@&ﬂ PveRfonP Alrbbetwin g desired. 1t
wi || be understood by persons having skill in the art that other nethods,
and/ or st ep¥lerigod et othesmétowsie df mmeiding dyrified warand chemgals b ok vihsl: pr opel | ant
can he wutilized w thout departing fromthe novel scope of the present
i nvent i on. 98P3ENLToM tagevelsempe pishe presepidivention. ripringwwith cespeatto tt@Qrockdse  manner  of
maki ng t he i t0.be L is shown. The nethod includes the steps
of: 1) pr o%sﬁgutshgfgh‘%?éeéée)ﬁt &‘P’?ﬁ%ﬁgﬁwﬁgwﬂﬁ'ﬁwd&ﬁﬁ deferantichsmists, difeanedegresy pr ovi di ng
a_dest T abl @ paiipsf o birkeAt HopS tah @bl no Bhd3E bioPaiiS'r SBHeE) bilnBiant 97 21!

degrees of redundancies may be used without departing from the novel scope of the present

invention.

[0115] Referring to Fig. 21, a schematic diagram of another preferred embodiment
of the present invention is shown. 't will be understood that in the interast of clarity, like
numbers are used with respect to Fig. 21 as are used in the previous figures. Further, as in
previous embodiments, it will be seen that rédundancies are provided for a number of the
systems described. it will be understood that the inclusion of redundancies for all elements of
the present invention or fewer redundancies than those shown can be employed without
departing from the novel scope of the present invention.

[0116] in the present embodiment, a clean water supply 104, preferably made by
physically and/or chemically filtering municipal water, is fed to one or both reverse osmosis
treatment units 162a and 162b, to provide a level of purity of water as previoﬁsly described.

Water of desired purity is then provided to one or both mixing tanks 106a and 106b.
Simultaneously, electralytes from electrolyte tanks 110a and 110b and coloring chemicals form

color tanks 108a and 108b are provi'ded to mixing tanks 106a and 106b. Grafting chemicals, as
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and 3) mxing the water and chem cals together. It will be understood by
persons having skill in the art that Fig. 20 represents a sinplified flow
chart of a preferred nethod and that the details as discussed herein
provi de ot her explanations of the present invention. Further, it will be
under stood that other nmethods of providing purified water and chem cal s can
be utilized without departing fromthe novel scope of the present
invention. Further, with respect to the process aspegt s{pt$ﬁspresent
invention, it will be understood that different chem cal's, difTerent
degrees of purity of water, different propellants (and/or no added
propellants if desired) and different degrees of redundancies may be used
wi t hout departing fromthe novel scope of the present invention. [0115]
Referring to Fig., 21 . a e i i 20r f _anot.her preferred. enbodi nent
of the prciegbetrofntrEah ERBRe | PR e BR e B & FREEPR L e

| nterest Ofpeliolubi 114 41 118HIRYa Bu6siHE fthatod Buah B2 RSfilind GuElhy 21 aS are

used in the previous figures. as In previous e ments, it wll

be seen t hal 16680 HiMhaN & RFgeAT Ritr6Hel Yokl @todedtar 200 NHES =R 230 @or S St €S
described. It will be understood that the inclusion of redundancies for all

el ement s ofitrogérhieniqRRéts entegilaioreA2h) s provided te wiing taakkIetaimd it 65b t6 B8Rt it hose shown
can be enmpl oyed without departing fromthe novel scope of the present

i nvent i on.gOngGProsess endo pRuesstaspressurizalivn withe mixed wites steciohtesrcobupgl y 104,
preferably de b physjcally and/or chemcally filtering municipal water,
is fed to%%QB?B%WWOF%V@F@@'tf@?é'?i’ﬁ‘é’??waﬁdﬁélﬁ?%ﬁt units 162a and 162b, to

rovide a |l ev ity of ter reviously descri hed.., Water of
g_esi red purit ?@tﬁgﬁntbrrg%nﬁ%&tﬁw @3% pe W r%i"ﬁti f@g%“g‘ﬁ%%ff%! 06a and 106b.
Si mul tane%&:@Oagh&m,%&mﬁnMcagetﬁés Fe%g{tmh)é tr i% 110a and 110b and

coloring chemcals form color tan 8a an are provided to mxing

tanks 106a andoi@fb. BGhaf i decriesienbeabSetafsbove @ povide SR 2280Biefagcr i bed
above, fromgraft chem cal tanks 188a and 188b are provided, using an

i nt er medi &bea fluli SpensiengtbLasiviel asldibezia adb thrbédh wihoh p flone olgdmargdesiviled measur ed
quantity, to m xing tanks 106a

be understood, Trom the previous description, that a means of igniting burner 44 is provided, In a

manner well known in the art. Fiuid is provided to bumer 44, from mixing tanks 106a and 106b

into fluid supply inlet 44b and propellant gas, in the present embodiment nitrogen, is provided to

gas inlet 44a. When burmer 44 is engaged, fluid is propelled through bumner 44 by the nitrogen

gas, while a controlled flame is used to prepare the object to be treated to accept paint.

[0119] It will be understood, by persons having skill in the art that the foregoing
explanation of the process of the present invention is one preferred embedirhent and that many
modifications, as described in detall above, can be made without departing from the novel
scope of the present invention.

[0120] Referring now io Figs. 22, 23a and 23b, a chart showing tests conducted on
exemplary piéques, and graphs of test data, are shown. As will be understood by persons
having skifl in the art the tests were performed in order to simulate the actuat method of the
present invention and the devices, of the present invention, used to practice the method. It will

be understood by persons having skill in the art that various modifications to the tests could be

made without departing from the novel scope of the present invention and that the tests are
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and 106b. Further, a charge of nitrogen, fromnitrogen tank 220 via

regul ator 222a (or from nitrogen tank 220b via regul ator 222b) is provided
to m xing tanks 106a and 106b to assist in the m xing process and to cause
t he pressurization of the m xed water, electrolytes, color and grafting
chemcals so as to propel the m xture towards burner 44, [0117) Control
nmeans 134a and 134b sense whether or not nitrogen flows from tapks 220a
and 220b, and conmunicates this result to the control é&gtg %618] Bur ner
44, described in greater detail above, is provided with a gas inlet 44a

and a fluid supply inlet 44b, as well as a nuzzle 44c through which a flanme

may energe. It will be understood, fromthe previous description, that a
nmeans of igniting burner 44 is provided in a manner well knomm in the
art. Fluid is provided to burner 44, from m Xi t anks 1 nd 106b into
flui d s&b‘?ﬂ“}o sieE -l hasit pericane il o PSR b ment

<" br opeia i PRBE KGR e P Y Rl e ST RnR e e ek ‘ﬁ‘ﬁsggﬁf Colled
flame i %beggsgr 104 %Elﬁpé{o@nw}ﬁe &pﬂeﬁgde‘n&sgﬁd %étﬁ'd?!& ﬁééd L 18ECBRductpi nt. [0119]

It will be un erstoo by persons having skill 1n the art that the

foregoi ng epwiﬁmatrhaestmerbb@fomﬁe@@eﬁﬁou@fAtda@tpwgamtsestmsaaimon is one
preferred enbodi nent and that many nodifications, as described in detail

above, cmat peguasaiiBastis hitonisl of demenmbatahos” by &rin & bensistent edpeatabtsopmnasf t he present
i nvention. [012d] Referring now to Figs. 22, 23a and 23b, a chart show ng
tests cdmeltretrseyi gthor thscrizaemantyf e Rlenyeen anadiystaialisivst apparatess et a, are shown.

Rer sons avl tests were

o for L@ggﬁe?rnﬂ% h P eng i oo are ha i een pha P rsandas BB ! mvert | on
and the eogo {e egtab[{s)he% tRE ﬁr?t ap; 4"'n9%ﬁé]tdfsf%[{'qe frb'r%?n% bhﬂer%c??o f{]]ect?mé he nmethod. It

sons hav vari ous

de' fi C%D:‘fé%@%notﬂ?e éeta&dfa%tngmﬁéwisgnéaemm %@smwféce%e @8PaFhde"@wfir om the novel
scope of the present invention and that the tests are -31 2 2 SEP 200 shown

t 0 denonsisamtieat Witehab Wotasiguafions, Rsy mec&naﬂ@b gredredcamthoditad bpot neant as
~limtations to
the test jig.

[0122]  The surface velocity readings, that is the velocity of the air/gas mixture on the
surface of the plaque, were measured using a vane-type anemometer and centering the bulb of
the anemometer exactly below the burner head face, whilst in a fixed position above the plaque
surface. Mt will be understood that by following this method of velocity measurement, all
readings will be comparable and consistent.

[0123] Throu'ghout the test the air volumes were changed manually from within the
flame treating system, and using the flow meter contained therein, displays of the volumetric
control were made on the operator panel. The recorded results, as shown on the test data
report, were then graphed and are shown on the chart of Fig. 22. The tests were conducted on
February 27, 2002

[0124] Tests shown as parts 2, parts 3 and parts 4 on the test data report were then
undertaken to establish the treatment level gained in units of dynes.

[0125] A plague was placed on the bench at the required distance, for example 2, 3

or 4 inches. The flame was adjusted to the required volumetric output of air and then the gas
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the invention or its disclosure. Persons having skill in the art wll
understand the nmethods, units of neasure and results shown in the context
of devices.and nmethods used and tests conducted [01211 [0121] The tests
were perforned as follows. A robot program was established to treat plaques
of plastic material of approximately 4" by 6", in a consistent repeatable
manner. The test provided for the placenent of the plagug g*r]gp%g@dj ust abl e
hei ght apparatus, variable between 1" and 3" and pl acing that apparatus in
a fixed position on a table. Two standard robot prograns were established,
the first at a 4" nomi nal distance fromthe burner face to the table
surface and the second at 6" nom nal distance fromthe burner face to the
table surface. It will be seen that with these two configurations, any

di stance from 1" to 6" can be acconmodat edcgél% the test jig. [01221 The
surface vel"G&FMnef Bagafiguthinthegas cantrelgabingh fogive he refuirgdipsvesy FONEESS i xt ure on

the surfacge. r ur US| a_vane-type anenoneter and
centering II g?%IW%@%?‘%@“&nérIﬁﬁ%&%?‘ aergbgg %Ig'n%edF%c\IIlgetgﬁnegr%%rH%?” head f ace,
whi |'st in apdk@duR@STHel raidieRNEvdR8pRL AYA all S AfBinel ks Inéiarﬁe under st ood

that by following this nmethod of velocity neasurenent, a readings wll be

conpar abl e Tanebeie A FdverBdd thd Bk SdrodkReEbOMH rdiitRedt@BinolB Bostioh, VOl umes wer e
changed manually fromwithin the flame treating system and using the flow

met er cont ai nedot2iker eburfacelérepy teyds wdre hbmsuredlLidinyatifdee tend@Titis @bplivekie nmade on
the operator panel. The recorded results, as shown on the test data
report, wethe ushefigoltpn prtsald misdcosdaacestto tim AR standard hide initigifsuffdcg enc®f.of The tests
were conducted on February 27, 2002. IIIg'?lZAI:I Tests shown as parts 2, parts
3 and par t $'eqnagalishoynda thedepos as aigless it & WyResn Sudiaca erarevidetd weathest abl i sh

h I I ined i [ of d . 1012 I , I d
the benen SEpse? PueflF R wmd febse i SRR 3o B A%RRBE e

; | ame_vas - adlalol Rty ool biLfedié? Bdh 5 SnekHab BB Fl i b Blthatanfibdn @0 then the

achieved using the method of the present invention.

[0127]  Referring to Figs. 23a and 23b, process windows are shown. it will be
understood by persons having skill in the art that the process window charts, and specifically
those portions of the charis highlighted with hatched marks, will be useful in the field to allow for
the accurate programming of the robotic arm. Data from tests, shown in Fig. 22, is placed on
the process charts of Figs. 23a and 23b, plotted so that air volume per minute versus surface
velocity is graphed. In the illustrative embodiment, data points for an oxygen content of 0.2%
are shown in one graph (Fig. 23a) and data points for an oxygen content of 1.0% are shown in
anather graph (Fig. 23b). 1t will be understoad that persons skilled in the art may make
modifications to the tests and the parameters used in the tests, without departing from the nove
scope of the present invention.

[0128]  The paints, shown in Figs. 23a and 23b, are plotted, and in the operation of
the method of the present invention, once a persan having skil.i in the art develops the process
window for the material and conditions present and desired, then the programmer can program
the robotic arm so that, for a given part-to-be-treated, having a particular shape, a program can

be developed so that when the treatment, of the present invention, is progressing the conditions
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was trimred manually within the gas control cabinet, to give the required
oxygen content as indicated by the oxygen analyzer, in the tests, a
robotic arm as described in greater detail above was used. The robotic
armtraverse speed was at all tines nmaintained as a constant. The robotic
armtraversed the flane across the plaque and returned to its hone
position. [01261 Surface energy |levels were neasured u;%zggﬁeu%ﬂ e tension
inks applied with the use of cotton buds and in accor ce~'w t he ANSI
standard. The initial surface energy of the material is shown in the
report as being | ess than 32 Dynes. Surface energy data was then
transposed onto the graph so that the operational process w ndow can be
drawn. A concluding surface energy |evel of greater than 50 dynes has been

| nvent | on. 5 FOEBYYe REPERITRGSPEoFFaS Pob SIS B o W lows br o
h Sotow | , j Kl j that th
or ocoss. wi S RRArHE o Ay PR AR R B W Lo e O e s T

hi ghl'i ght ed Wi t-R. Bal GREHABHER or el ko HRRIyreS Bhdtherddy pioliBe bdsPlufk bl | ow for

the accurate progra ng of the robotic arm Data fromtests, shown in Fig.
22, is placed paze]t heopsi@Rms fittorbspedt S mfts Fidgsd 4 3@ te ds 28nstptedty ed so t hat
air volune per mnute versus surface velocity is graphed. In the

i |1 ustr at i twepresebodindosntincludathat 331 dirtagcd the freaimeaiisrgledions el aethe vabime@n@o%o are

shown in one‘?ragh,(Fi . 23a) and data goints for an ox%gen content of 1.0%
are shown Velgcitygaisdigesn tgﬁ%ﬂ’?”@ﬁi“ﬁ’f“’*%ﬂﬁ*? fiagolgn pPhigyieo BeafBF et ood t hat persons

kKilled in th dificati to the test 1d th t
Gsed i n ¢ HERRGETETs ABERBUNTIESRPE PRSP BT B0Rr U SHRASS PR he. pr esent
I nventi On'ma[tgélzs%]'fac;rfk'%ncﬁgéfﬁén% ﬁe?t@k%}’?ﬁ‘éni] te @hgﬁ'brugrﬁr% FRheRP Raaifse Pl otted, and
in the opefation of = The et hod of The. present Thvention, once a person

having skill igiigie aelidewebans iehReRiRassgonhbdoms] atnt bgegmt er i al and
conditions present and desired, then the progranmer can progfam the

roboti c ardgniem istrbdiced. fita¥as ap@irerEfonnd tstd, andodit el R pdr@ito paRwhsIGvisy gr@r ti cul ar
shape, a program can be devel oped so that when the treatnent, of the
present i rivbeti drt wihgnqurasef exegsh aentanhibe testmbint lfuehgsts-sB8ller. Persons having

skill in the art will understand that the lower the oxygen, with the use of the material tested, fhe
larger the process window. The dynamics of the burner, for example the flame shape, has a big
impact on the process window. [t will be understood by persons having ordinary skill in the art,
that the “treatment curve” will be predictable when using the burner of the present tests together
with the features described.

[0131] It wilf be understood, from a study of the data shown, that an optimum
treatment, will be achieved using the robotic arm at batween 2" to 3" distance, from burner face
to the surface of the material, using oxygen content of 0.20% per air flow output of
approximately 450L/min at a velocity of approximately 1100ft/min. Use of these parameters,
with a device and method as described and illustrated, should permit the user to have result in a
treatment level of between 54 and 56 dynes. As noted above, these results represent an
exemplification of a method of the present invention using a device of the present invention. It
will be understood that many modifications 1o the devices and methods may be made, resulting

in similar or different results, without departing from the novel scope of the present invention,
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2 2 SEP 2005 of the test are always within the paraneters shown in the
process wi ndow. The highlighted areas of the graphs of Figs. 23a and 23b
provi de an area though which test paraneters will lead to a surface energy
of greater than or equal to 50 dynes and thereby provide desirable results.
[0129] Conclusions with respect to parts 2, 3 and 4 of the test, as
denonstrated by the process w ndows, include that at 2" %istanc t he
treatment | evel drops off as the volune and velocity aeﬁ E@@@Qﬁe t he
oxygen content plays less of a role in achieving treatnment; measurenents
of greater than 50 dynes can be achi eved at | ow vol unes and vel ocities; and
material surface is inconsistent after treatnent due to heat bl ushing of
material additives, [0130] As will be noted, the treatnment w ndow grows

substantially as the oxygen content is reducegwflt was_ a %rentdfron1the
tests, and wi | [10tR&] apperehe foregoieit Wb Also e APpaYpd 418t PYMercympHEaaP & hat wi t h

i d tent the. t t. | | 1 havi
i 111t BT oo 1 SRR A CORAE (RSP R By 35O th the use of
the materi %Lré:teggé Bfﬁlgé p{r%]s@ﬁt Vb0 S is {18 uRIeRERE atohifion FikGe PR hes Of the

burner, for-exanp e flane shape, has a big 1npact on the process

wi ndow. I't guidlh cREodMRARTIRERAS iDMeRBE S@RSIIRVREGd OTHidRABLreSKinlchdelim the art,
that the "treatnent. curve" will be predictable when using the burner of

t he presenteodeeBiiBe fppgadst erims\all suth hbdficktizat asrfalsyitie sherstdpe df thd @Bddhent wi | | be
understood, froma study of the data shown, thaf an optinmum treatnent,

wi || be aclhifiesiaints amsprogerly Méerpreigbt i ¢ arm at bet ween 2" to 3" distance, from
burner face to the surface of the material, using oxygen content of 0.20%
per air flow output of approxinmately 450./mn at a velocity of .
approximately 1100ft/m n. Use of these paraneters, wth a device and

nmet hod as described and illustrated, should permt the user to have result
ina treatnment |evel of between 54 and 56 dynes. As noted above, these
results represent an exenplification of a nmethod of the present invention
using a device of the present invention. it wll be understood that many
nodi fications to the devices and nethods nmay be nade, resulting in simlar
or different results, w thout departing fromthe novel scope of the present
i nvention.
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-34 2 2 SEP 2005 [0132] Fromthe foregoing, it will also be observed that
nunmerous nodifications and variations can be effectuated w thout departin
fromthe true spirit and scope of the novel concepts of the present )
invention. It is to be understood that no limtation with respect to the

specific enbodinents illustrated is intended or shoul i
_ bodi -pe fe .
disclosure is intended to cover by the appended cl ai &sgapbﬁ#]sﬂﬂaﬁr pod- The

nodi fications as fall within the scope of the clains when the clains are

properly_i 18" t I§EP 2005 WHAT IS CLAI ME : i
E DIS: I - A nethod of
a gas buV‘hg‘g a{gs@r‘fﬁﬁ;} o flanme treat or manufacture a product by rmviufllgng

flame that is projected fromsaid i i
. gas burner assenbly in operative relatio
Wi th respect to a product or nold, characterized in that tﬁe met hod "

i ncludes the steps of, mounti a_gas r

tool, sald gad muthereef WS&%W%%T%@B}#&B?&F& zﬁee%@e%a@g?(?ﬁ&gg@?ﬁgt ? Lfr;t
generally fully encloses a chamber that is defined bt DL daR De@YiopOr tion
of sai d gmsdvingneflame s projestsd drogy st @?%‘%‘fm%{sag%enr%qulrhaél arlltg €an Mg?r/ gas

inlet that communicates with said chanber, said f j ] [
. . 3 T a 1
|C E; |ml;d| ng/itgafsr]])bﬁasa pm@bcmmoldtéﬁlﬁﬁé@“?%ﬂélﬂ%aleﬁ‘é?d"?fgeﬁﬁ%ﬁ%sc%%étgb%% LI 2 gi d

. er an at is generally annular in shape; feeding a pre-m xed
ai r; gas mi Xt UkRuhfitigoa g2 hrohvantsarbly o sughd ebate 8Pk P‘§9§a?m‘@$r Elsﬁem@guse sai d
ai (r]I gas mixture to be generally evenly distributed throughout i d chamber
and sai ¢, &ldihERAHmMENR BGihg riagthat gereaailyefuby bedlesss pgharypba|that dg S%I%eﬁ ai r/ gas
m xture to flow from said air/gas inlet to anbient atnosphere through said

chamber angd:saipd @bolBAYF sRidGaP Buiner hGa i @i ' '
ganbiynepid apdbaner ayagnbly baving ap
a generaI%Ty annufja? flame that projects from said fl a?fe jet form ng rCirﬁgte

of said gas bur VE : . . c I , (
gas bur ngaﬁggg érélér}betfl?/ta(% ! R%égesgggj t?agd‘glﬁa'ﬁﬂ)eﬁ,&blaﬂ femsk jof formingt g intlvdmgve sai d

at least one port defined thercin that communicates with said chamber and that is
generally annular in shape;

feeding a pre-mixed air/gas mixture into said chamber through said air/gas inlet to
cause said air/gas mixture to be generally evenly distributed throughout said chamber and
said at least one port, and to cause substantially all of said air/gas mixture to flow from
said air/gas inlet to ambient atmosphere through said chamber and said at least one port;

igniting said air/gas mixture to create a generally annular flame that projects from
said flame jet forming ring of said gas burner assembly; and

causing said end of arm tool to move said gas burner assembly with respect to a
product or mold so that at least a portion of said generally annular flame is in direct
contact with desired portions of the product ot mold (i) so that, when the method is used
to flame treat a product, desired portions of the product are at least partially oxidized, and
(ii) so that, when the method is used to manufacture a product on a mold, the product can

be formed on and then removed from the mold.
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product or nold so that at |east a portion of said generally annular flane
isin direct contact with desired portions of the product or nold (i) so
that, when the nethod is used to flanme treat a product, desired portions
of the product are at |east partially oxidized, and éi') o that, when the
met hod is used to manufacture a product on a nold, th 2) uedl ian be
formed on and then renoved fromthe nold. 36 2 2 SEP 2005 2. A nethod as
clainmed in claim1, characterized in that the nethod further includes the

step of detachahly,q4Ge njgl rh&gmaexaflmrr%mr@étemﬂrm fi@t tengethal fisthek ibddgespor ti on

of a gas™ burner asse said flame jet forming ring generally fully
encl osing said f i Ao P‘ﬁ th Baiampdpfpotthe @regedi ng
cl ai ns, étreB&fngFagﬁ)a ¥ 8 %%I%Frgeﬁm Fet hod her includes the step of

sprayin m Xt ur sai. as_bur r SuaResai d

gener al Igtilm?fr‘iﬁﬁﬂeg\b Is%i aﬁ@% n}%%“ﬁgg ne?ﬁli?gp)é%nrfgd}g]l Séfaannul ar flame is in
direct contact with the product or nold (i) so that, when said nethod is
used to flanme treat a product, at |east sone of said mxture is chem' cally
bonded to at |east sone of the flane treaxedlgjortlonstr el DS Rk ¢

ther eby &l | owhngethodeaciaited B ¥y SuBSSYEREAEy” lﬁﬁp?qaéaﬁether eon Wt

i nproved adhesion, or (ii) so that, when said nethod used t

manuf act meihod fipthedinctudentha steplod sprayipg 8 d@iswretEem said @8t ercﬁ% £hb8y PHn

renoved fromthe nold. 4. A nethod as clainmed in claim3 characterl zed in
that sai ghqas salr geaerais aendibylariaias drsired nolladed sanasplbe e famses i ng an
inlet and an outlet, said outlet being generally peripherally surrounded

by sai d afed €85kctOREh RS frod @0 @old (i) shehalcherastienicthed is nsechiat flase d  gas
m xture I's sprayed fromthe outlet of said discharge tube, and/or further

charact eflzed, o i,k ?e%st%%{n@ oHiHg hakge: & ehanicslgesneeald o lpat sinedf the a
| ongi t udi Thal® faxi s o sai d body portion. 5. A method as clained in any of

t he precedi ng [ t Sbh?&dndBod BAbwg! £ cadting| ©@asd seizequeatly i s
gener al | y*&r ffla}g }%%?rﬁ ?@gn%e@? tG a | o§ng| tudignal axts of said body
portion, applied thercon with improved adhesion, or (ii) so that, when said method is used to

manufacture a product on a mold, a product can be formed on and then removed from the

mold. |

4. A method as claimed in claim 3, characterized in that said gas burner assembly
further includes a discharge tube having an inlet and an outlet, said outlet being generally
peripherally surrounded by said at least one port, and/or further characterized in that said
gas mixture is sprayed from the outlet of said discharge tube, and/or further characterized

in that said discharge tube is generally parallel to a longitudinal axis of said body portion.

5. A method as claimed in any of the preceding claims, characterized in that said at
least one port is generally parallel with respect to a longitudinal axis of said body portion,

and/or further characterized in that said at least one port is generally circular in shape,
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and/ or further characterized in that said at |east one port is generally
circular in shape, 37 2 2 SEP 20 and/or further characterized in that
said at | east one port is generally concentric with a |ongitudinal axis of
sai d body portion, and/or further characterized in that éfé &Eff-"t | east one
port conprises two or nore individual flanme jet ports ea wabh

comuni cates wth said chanber. 6. A nethod as clained in any of the
preceding clainms, characterized in that the nethod further conprises the
step of &ﬁ%?ﬁ&ﬂ&%h?@cﬂeﬁﬂdﬁngﬁa& atdoan 18t dngasrt uipemerallyaosesriliiy WARA t hr ough
said generally annular flanme at various velocities as desired to cause the
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further conprises the step of propelling a slurry towards the surface of

t he produih s¥g chamieErwhi | e spraying said powder from said di scharge tube
and whil e causing said generally annular flame to be in direct contact
with the product or nold to thereby cause a mat to be forned on desired

portions of the product or nold, and/or further. characteri zed . at said
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in that said powder conprises a polyester resin or an epoxy resin. 8. A
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velocity of the inert gas that is projected through said generally annular flame.

7. A method as claimed in any claims 3-6, characterized in that said mixtu.re
comprises a powder, and further characterized in that the method further comprises the
step of propelling a slurry towards the surface of the product or mold while spraying said
powder from said discharge tube and while causing said generally annular flame to be in
direct contact with the product or mold to thereby cause a mat to be formed on desired
portions of the product or mold, and/or further characterized in that said slurry comprises
a chopped fiberglass slurry and/or further characterized in that said powder comprises a

polyester resin or an epoxy resin.

8. A method as claimed in claims 3-6, characterized in that said mixture comprises a
liquid mixture that includes a quantity of a coupling agent at least a portion of which is

chemically bonded onto an oxidized surface of a product that is created by causing said
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that said liquid mxture further includes a quantity of a colorizing agent
that causes a treated surface of the product to be a different color after
it has been flanme treated and sprayed with said coupling agent and said
colorizing agent, and/or further characterized in that said liquid mxture
further includes a quantity of electrolytes to facilitat eé trostatic
painting of a treated surface of the product after it ha? ge ﬁ f20fpe
treated and sprayed with said coupling agent and said el ectrol ytes, and/or

further LhahagchanliFeAah® td QRbctlyS@inthcE MePIrbMEt, 2GRN GARRIJhaRStetized in
mul ti-functional organic conpound, and/or further characterized in that
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in that said liquid mixture further includes a quantity of electrolytes to facilitate
electrostatic painting of a treated surface of the product after it has been flame treated and
sprayed with said coupling agent and said electrolytes, and/or further characterized in that
said coupling agent comprises a multi-functional organic compound, and/or further

characterized in that said multi-functional organic compound comprises polyethyline

imine.

9. The method of claims 3-6 or 8, characterized in that said product comprises an
automobile component, and/or further characterized in that said automobile component is
formed from a moldable material, and/or further characterized in that said moldable

material comprises a thermoplastic resin, and/or further characterized in that said coating

comprises paint.
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