VI SCOSI TY CONTROL AND COLORANT Cl RCULATI ON FOR PRI NTI NG LENS MOLDS RELATED
PATENT APPLI CATI ONS [ 0001] This patent application clainms priority of a

provi sional application, US. Ser. No. 60/536540 which was filed on January
14, 2004. FIELD OF THE I NVENTI ON [ 0002] The invention relates to devices for
control | i ngvISGEOSMTEY CONYROId AND GOBORANT GIRCUDATHON FORSPRINFENGArENS
producing tinted contact | enses. The i MOLLD®N also relates to nethods for
controlling the viscosity and circulation of colorants in systens for
producing tinted contact |enses. BACKGROUND OF THE | NVENTI ON [ 0003] The use
of tinted contact lenses to alter the natural color of the iris is well
known. ©Many col orants that are used to produce tinted | enses generally are

conposed of Ladin VRS ' nts. In one nmethod of nmanufacturing
tinted conmA&Ehgé%ﬁﬁtéﬁ&mlgﬁi med in United States Application
Serial No. 10/02geda{9 thid Pent hca?iléﬁ'cla‘ﬁﬁ& A6r1ty:ofAPPoHsiSnal b REHoAPD.S. BEb.
No. 20030000028:{ uti)l shegﬁ\]an58 , WR t)y | n?(gér’porat eagbl nits entirety
herei n by an‘éﬂéﬁéé‘}()whmhwscﬁlah@nlmumpdl%é@D4o uncured lens material by
transfer of the colorant froma rmld surface to the lens material and the

latter is equen "579 application discloses that col orant
transfer Jﬁﬂ@ JJ%W&QR

g a printing pad containing a col orant
conposi tion t hat[oﬁ@z]pr’ﬂﬁﬁﬂerﬁ‘ﬁﬁ'raﬁfes?o &@1&'5&'& co%%flﬁ‘a%%h@%s@dht?lﬁﬁ& eRtulARId.
The col orant conposition, which typically includes a solvent “conponent, is
al | oned t o ofcylotantsyincystems fonpredudiregisnted batadt denses rilieanventionglsoimlated te ont act

| enses. [0004 t he oce s of pad printing contact lLens, np

ol osed” cupdiethedser crauBiRGERE vReoR Al s BT ErCIaRS S P producile

sol vent / solyjgk r&htagtfegfégughout the period of time that a given colorant is
bei ng enpl oyeél Typi cally, evaporation of solvent fromthe thin film left

on the unetched portion of the cliche that is used in the pad printing
process re@BAEKGROUNDIORTHE ENEENTION atio in the colorant contained in

t he cl osed cup. duygtion in the sol vent solids ratio in the col grant
typical l'y incr o 0WBTE ofts o W?H&QWW lensgs ta ﬁF?&E%W‘"PE%%Y qfdhe Bﬁdf wel
printing p%B%“Mﬁ-@ RAhME Hat | &sé’&’ Rﬁﬁ&ﬁl’éﬁ hds1 ¢ Ak Qbaibsdd 34' din
the transfer f C((:)o oranta romt {i]iycghe e%f):r‘lf}ntfng pﬁ@ : t en
from t he prhimtingpalymer sriwkpigments. In one method of manufactunng tinted contact lenses

described and claimed in United States Application Serial No. 10/027,579 (“the 579

application”), now U.S. Patent App. Pub. No. 20030000028, published Jan. 2, 2003, which

-]-

incorporated in its entirety herein by reference, the colorant is applied to uncured lens
material by transfer of the colorant from a mold surface to the lens material and the latter is
subsequently cured. The ‘579 application discloses that colorant transfer can be carried out
using a printing pad containing a colorant composition that is pressed against a molding
surface of an optical mold. The colorant composition, which typically includes a solvent
component, is allowed to dry to provide tinted lens molds for manufacturing tinted contact
lenses.

[0004] In the process of pad printing contact lens molds using closed cups, it is
desirable to maintain colorant viscosity or solvent/solid ratio throughout the period of time
that a given colorant is being employed. Typically, evaporation of solvent from the thin film
left on the unetched portion of the cliché that is used in the pad printing process reduces the
solvent to sohds ratio in the colorant contained in the closed cup. A reduction in the solvent
to solids ratio in the colorant typically increases colorant viscosity and ultimately leads to
poor printing performance. Solvent is typically present in the colorant to aid in the transfer
of the colorant from the cliché to the printing pad, and then from the print pad to the front

curve lens mold. The colorant is designed to permit evaporation of a portion of the solvent



curve lens nold. The colorant is designed to permt evaporation of a portion
of the solvent to increase tackiness of the colorant on the print head to
enable this transfer to the print pad. Type of solvent, type of colorant,
tenperature, humdity, air velocity, type of pad material, and type of
print patt éo mcamaec tokpessfoftthecdlawanbemsthe pant heutl|to enahde thistraisdinte the pring padf

I t ' | t ded .f timzi Lnti. f , diti I
Fact ors | ndiBne! YIRS Sptloronn Bt e, Bl b RS, SRR pasFebne
colorant tQufiitde dfipfinthatele Fx%ts%ﬁﬁ%fiﬂ%_ fa&t{afﬁl&hﬁltri}aﬂ@&c\é’ﬂ%ésﬁecl ReEDdtisoRknt die

colorant in the cup goes below a critical level, it eventually becomes
necessary tviscesipneetied farioptimiging pusingperfodmargst edidgionalfactorsonoludéprintet or ant .

The changi ng out ,of cups d manual , pre ati.on o orani,wth.the correct
sol vent ratsg?)e_di @dd’i}’?lﬁit@‘_ﬂﬁ'?ﬁ%ﬁ%seﬁgg@?f%&h&a{@ﬁ?}g@t {“r@?h&‘ﬁﬁb%\&&hestlﬁ sol vent s.
Accor di ngl XomptorhiSed gfléﬁ bR et 8 f er‘?:‘éldti’%nt;'ﬂh Hﬁlcﬁg%%s PRSP ASTRRA 18V Liem t hat

circul ates col orant om a reservolir e cu and fromthe cup and back
t o t he reseaventhallwbdcbmenatdessary tacsiop thelprinting prreesiemid replenislothecsp twithn  or
viscosity of the % loyant in the reservoir SUI\/I\/ARYPZ THE | NTI ON [ 0005]
The pr esentcol9dEn g F11ERE QRto! cppi ad mgrual PIEPAPUOR Of GRIPTARS ‘ﬁ@/ eC8M8ftant cup

that is adjsﬁﬁ%ﬁt[raﬁgisadi?f{ié diﬁes‘éﬂ%ﬁd‘e%h&rtﬁé‘ieghﬁif%@?ﬁ&%ﬁt&dAEé&Ei‘g@ly, it is

reservoir to the cup, and col or IS returne e cup to t
reservoir. desicaeiongbyideiarobmantasamagemert sydien st seronlates nolerant font dwesarveair e
provi ded systens i

nc] uding a colorapnt cup that is.. adjacent to_a cJiche,
wher ei n théc’@l?pcuipn%‘l‘{xﬁ%‘? the G tnd %ﬂqﬂgtmﬁwefriﬂ%?rvomﬁﬂ%gﬁw rﬁonHHHm&ﬁﬂ’ea‘i?erS“&%p |
beneat h thecoﬁ@%itioﬁ%fH{sﬁc‘iﬁiwgf“tﬁé&ﬁéfﬁh{in'tﬁ@e o) colorant; a feed conduit in

fluid conmuni cation w reservoir; and a return conduit in fluid
comuni cation with the cup. [0006] In a related aspect, the present
i nventi on SBEMMARY OFSTHEENVERNTION col orant viscosity control and

circul ation syst havi ng a cup situated adjacepnt to a cliche, a vent in
the cup to pr ovilgg&sclnaﬁli‘erl%ﬁ?f&t Gheon W@V‘%ﬁ$=dﬁ“§ﬁ9};‘i"r§3’itﬁfé‘s H&E“‘H%g g 6plgreRheup
reservoir t1, cak L ntaini [ e

col orant, ;tg qgg&%ﬁé{ggﬂ%&%f;@#&%’ ng‘%gﬁiltﬂsr%#%ﬁdﬁ?ﬁéﬁﬁgﬁgy%o&éeté ’gP %nt

bet ween t hecotwrhiiriardtumed &owothe cap tb thh eeseypiriAdeerdimgIntiaione agpeatnof the preesdrital | y

constant height of colorant,  in the cup. ,Accordingly, there are al sq. provided
col orant viB¥IEPRhers At REPVidRd Systemsinsiudng as%"gir up that W‘Hﬁ%mbtocﬁfgmg%i ng

seal ably si{aliathe A ACRL 4 ford, &L ibERBr ddh Bofi, AChl Bah Gerkiiilind BoPT OV de

an air gap; a colorant reservoir 1ncluding colotant ven et val ve,
a vi sconet ggortignrarrsedvdininchdirgododsraint a feeddoaduicmluid kbmimuniuatianjwithttherg t he
solvent inlet valve, the controller, being responsive to a signal

reservoir; and a return conduit in fluid communication with the cup.

[0006] In arelated aspect, the present invention also provides, inter alia, colorant
viscosity control and circulation systems having a cup situated adjacent to a cliché, a vent in
the cup to provide an air gap above the colorant in the cup, a colorant reservoir capable of
automatically maintaining the viscosity of the colorant, and associated pumps and conduits
for circulating the colorant between the colorant reservoir and the cup while maintaining an
essentially constant height of colorant in the cup. Accordingly, there are also provided
colorant viscosity control and circulation systems including: a cup being sealably situated
adjacent to a cliché, the cup including a vent to provide an air gap; a colorant reservoir
including colorant, a solvent inlet valve, a viscometer immersed in the colorant, and a
controller for adjusting the solvent inlet valve, the controller being responsive to a signal
received from the viscometer; a feed conduit in fluid communication with the colorant
reservoir; a feed pump for transferring colorant from the feed conduit into the cup; a return

conduit in fluid communication with the cup; and a return pump for transferring colorant

from the cup to the colorant reservoir.
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received fromthe visconeter; a feed conduit in fluid conmmunication with the
colorant reservoir; a feed punp for transferring colorant fromthe feed
conduit into the cup; a return conduit in fluid conmunication with the cup;
and a return punp for transferring colorant fromthe cup to the col orant
reservoir. 2 [0Q007] THEhepresaninvemtioardlsooproeikdsocqiomani dps usefibmeahé systgnss afsef ul

in the systens of _the present invention. Accordingly, there are provided
col orant ~ cUisPIRSRAf Hy RIS npocorhinglyntigrs ¢ proy dﬁB%@%ﬁPP%lh@’é%ﬁ?ﬁ@te@ge, a

feed orifi qﬁeggﬁgpgg&-aﬁ,%éeagﬁggo gh'}‘eea ofifich Hﬁﬁ&s%ﬁ_%;b?@tblo%eabbﬂ eﬁ‘gl\?l\'llrﬂe{fl%s*é edge,

and a return or | spose 3 to about™5 mllineters

i nterior rabbveiheseading BB aThtarporefentisfonedaiionod tablsmt froNlidetsrsrietdwods i n
which colorants are transferred in the systens of the present invention
fromthe r BB 19 PO 0l or ant cup. Accordingly, there are al so provide

met hods i ncl udi (o)VTo N : | ' ant cup
that is adj acen[[g(t)d(y] aviélﬁ I:;(:}ﬁsee,ﬁt aﬁg‘ﬁtg‘%ﬂna%‘ﬂ‘gmi‘ﬁ%; @%Oggg{s‘wgfcggﬁﬁr £i{zgénarei nterior
roof porti aransferrdd anthaisysteapobihe @adsbnttieention fropothe ireservadr todBecolorant ¢upcl udi ng

colorant; a feed conduit in fluid co ni cation w.th the resg};voi r; and a
return condifeerdupgly, therg aregsommovidernethods in¢uding pemse&maﬁ&wtﬁlan SY§$Rg
colorant fr . r | & . : he

pr esent in\}gn :?1@%351:?2)2{1%?%'11{ gés Jrgliatc%fg@g a[oc?‘ gg%hﬂgtﬁng%}{eﬁdgﬁté%ﬁ%‘?%%ﬁ% |htr1ag pad
printing s)aterot roofportidh)gid Sedd gapdheneath pheadp s tibn;taoregeredir afvtudidheoloany a
cont ai ni ng col orant, an_d the cup containing air di sposed abgve, the col orant,
wher ei n t hdeedgandpid i Hpiskomraynienion ryiffythe Fsevel: et S ERINMLODENE Isiitidat ed in
the cup: CORbLldiidtdnith ik 30 HrlttranKerrddGofRARTTRIG tlelberfalt & @BLyp S VOl 1)
transferring col ofan rom-t colorant reservoir 10 the cup; an

transferring col[00688]t IandeBidd dspadtthe grestsdt mventioie alsd praviddshgethedesfvoi r .
[0010] The present invention al so provides nethods of circulating colaorants
in a pad pifcAtalingcelpsntm 2 pad Piingsaden; meldugg sealing arcap adigeay top clighs, the

| tt k0t hij ' i th
it rerent RO el flGrant AhE 1R up eltuichdl AU RREEythe bORKE PG, "
Accor di ngl yair is Rapubid dfentaigaht ogl thidighpreatsituatedvs td cp; cortldligg heeisosiy ded

nmet hods that_ include sealing a cup adjacent to a cliche, the cup containing
col orant; cBitg etlerapignarelerpatgssaryajr; dransfeaingsokyranirany the codorantaaservaisorthe r ;

Cranster o E AR AL SO gt DB, 0 e
punp rate conpar[@eg10]0 Thepresingidveatiorcalb®pfides iREACIR 6f EipdudatBid col REME DA I
pad printing system that include different transfer rates of the colorant to and from the
colorant cup. In this aspect of the invention, the different transfer rates helps to reduce
colorant leaking onto the cliché. Accordingly, in another aspect of the present invention,
there are provided methods that include sealing a cup adjacent to a cliché, the cup containing
colorant; controlling the viscosity of the colorant in a colorant reservoir; transferring colorant
from the colorant reservoir to the cup; and transferring colorant residing within the cup to the

reservoir at a faster pump rate compared to the rate that colorant from the colorant reservoir

1s pumped to the cup.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is an elevational schematic illustration of one embodiment of a
colorant circulation system of the present invention.

[0012] FIG. 2 is an elevational schematic illustration of the detail of the cup
depicted in FIG. 1.

[0013] FIG. 3 includes a schematic illustration, cross sectional illustration, and a

perspecttve illustration of one embodiment of the colorant cup of the present invention.
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is punped to the cup. BRI EF DESCRI PTI ON OF THE DRAW NGS [0011] FIG 1 is an
el evational schematic illustration of one enbodi nent of a col orant
circulation systemof the present invention. [0012] FIG 2 is an el evational

schematic illustration of the detail of the cup depicted in FIG 1. [0013]

FIG 3 includes[®14Lh&k: #es 2 sehgmaiailiushation efsanesambhodynent of pIcgiortt i on, and
a perspective..ill ratd g di ment of the colorant cup of the
present i mE/%%Lﬁaltti)or?_s"}gtte%fﬁ?p%%@q@%eﬁg% schematic illustration of one
enbodi nent of a colorant circulation systemof the present invention.

DETAI LED DBEFIRARTEWHEFCRIPTEIRATF YELESBEA MV ENIBOIIMENT Ssyst ens of the

present invention typically include a cal orant cup havin a vent, an .
interior roof p##&lShn Thysystems af&eé’&‘ﬁ?eﬁéﬁwlﬁnt‘}‘lﬁcqlgdf‘dﬁg??F?Jlﬁ,"mf Ay R ant
cup being,disp ] : ' W S ' | grant is
al so provi 3eeﬁth%?ﬁger?og§s mts{tl%l? @%%%ﬁ%ﬁ%ﬁféfm{aﬁff@%?@oﬁ°¥%@’§%€%| ngc(a source
of fresh, peiafdispbiad adimeasbiayclich@nAredehedt intludingdotorhmirisalso providednitik cup,
whi ch contacts a cliche. A feed conduit. in fluid__comunjc gigo,n wth the
reservoir PY!PRDY hearesentinvendips formrewling s sORKER O (e DISra086 W8I to  the
i nk cup. A : Lt rd I; ﬁ&mﬂ'i cat | iRt S

provi ded tSBﬁ%Oﬁe@U @pg%l&%&n@}) %llrééﬁf I'A T él @%La%%ua‘é\élgggkﬁ? %eg;b%gal?gg{el?@gi r. As

used her ei gomhli@idagomwith thotesemoir icpiovided do trangfér fessh cukeaht imneihe reservoifter to
an "ink cup” that is known in the pad printing arts. Suitable cups used in
the presenthdinkenpi drretmoondugriniuibeprppuniggtionr wish the gpds alse proyidedips known
to skilled art,sans . o) ' I C ] i I ncl ude
certain m)(ﬂr?lill%tgﬁ %%"ﬁ#%{r]mgf‘%g‘ika‘ﬁ‘ ﬁg’ak ]gg %?g%Frg\sMePd Altbnli(/ggmh F%eynrg .t}%}tlﬁlérx%ups of

the presentolbRmeaip GidComs aird usal 1t to rafdrite An Fktonp! €ailt iykrownan|theptdd
form contained adjacent to the surface of a cliche by the cup. Ciches are
known in t pEnpagiay. i Siitahle eips uses iBdhe present Inventen ey evided by prx ol d t he

| i qui d col grant 0. t il glﬂgl:_i r ] er.f; ce
et ches can nﬁg\ﬁ}g %ﬁyﬂﬁ%sf@rog{na@ﬂ( h{éf/lpl ca %’3?8 %ycu\?\ngeﬁlqmﬁg&\}}es’ g”ﬂ‘ﬁé‘}{lgrt@ﬁ%
that of an jhdlide ceft@inphoNifidtions et proaidingahk diselobédineentiome! TaE chnsfake préfeat cup
I s seal ably held agai nst and drawn across the cliche surface to deposit

col orant wilk¥enton pentaineplsantewbishds typiceHy ipnbiquid femn, copaingdrdiarentde thehe to
transfer t glelrfgc%l ocyaacrl]itchg Q)t/ Eheercrﬁpj[ ?Jhtcﬁgs A icﬂcgw&) ﬁldt%e pm Snﬁf%é &t Bs Sutfaces

containing etches that hold the liquid colorant, e.g., colorant in a particular etch pattern. The

surface etches can have any pattern, but typically they will have a pattern like that of an iris
to provide a natural look to tinted contact lenses. The cup is sealably held against and drawn
across the cliché surface to deposit colorant within the surface etches. Print pads then
contact the cliché to transfer the colorant pattern to the print pads. The pattern is
subsequently transferred to the front curve lens mold for further processing of tinted contact
lenses. _

[0016] Suitable cups used in the present invention typically include a vent, an
interior roof portion, and an air gap beneath the roof portion. The vent is provided as a small
hole or channel that pierces the roof of the cup. The vent permits the surrounding gas
external to the cup to enter to the interior of the cup to provide an air gap. Typically, the
surrounding gas is air, although any number of other gases, such as an inert gas like nitrogen,
can be used. Because the density of air is lower than the density of colorant, the air gap will
generally be situated above the colorant and below the interior roof portion of the cup. The
surrounding gas is capable of entering the cup through the vent as the colorant is drawn out
of the cup. The vent, accordingly, provides that the pressure within the cup is substantially

the same as the pressure of the surrounding gas.
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subsequently transferred to the front curve lens nold for further processing
of tinted contact |enses. [0016] Suitable cups used in the present

i nvention typically include a vent, an interior roof portion, and an air
gap beneath the roof portion. The vent is provided as a small hole or
channel that pi d0@ER tSutablsafupetypidadly ingludefngnicead peoutlet fortdirsulating thendi ng

aee ont o el SR B Lo DS Rl AR R e

ot her gas €2up W R 0ABcAihat 136h HufPSorihiifictidn Wil Poth (kéfeel BorAfthndBEGRMEE T he
density of afr is lower than the density of colorant, the air gap wll

gener al | y elsuttdatpesedadnthe cliblet. cHinorfite typidalbeteowinsmubinetgediin thercbdrarpdbdti on

Vent st hds SBpeFRn e ispainAaE epaief ROnE siiertn Sh e SRR AGNGHES |
provi des t hghagi @is?é@cﬁsa%@t Wd ;.hjoﬂt4 3 Fﬁa%ﬁﬁ%?erk gbeRd aidnealth ¥dditibPtoaBLRS t he

pressure of the” sufroundi ng gas. Suitable cups typically 1 nclude an
inl et and deedng bEfreshaolaramtcinteatly togtht serface off theandiché, thopmatnidy of be otifiee tup,

respectively. A suitable inl i.s typicall ovided in_.the, cup,as an

or i1 ce. t ndl PR urthen s aRisn o ek premor il dhoRest ERerant SamE RGP LOSR i ¢ n
the color s ' i bt | : | ;

subner ged ﬁél?ﬁiéé@g%gggﬁ? C{O@t&deihgﬁg?’seb‘gg’s%d@(;ehgtito%g)ftg%ie%:@%}I{%g% g egtgt i on
of the systdirectidine remioke celomint friom the eup.cArsditalile bstletsuitheatupys tipsjatiy prbvadedut 1

to about 2 mllineters. aboye the cliche. | ddition tq enabling, feeding of
fresh col orb¥fn Qﬂ'}fcséleqtys 'ﬂlon 1 @O@mweow'gﬁﬁe aﬂfreﬁeslé lh@ldg PBW%‘WEW fhe

orifice gr%@t@%@ﬂggg%gémtﬂ%lcﬁmqhﬁ@@&gﬁ&ea B piealhe: ROV ?}Pfcaﬁ?ﬁfguél_e?

{
uring malntenance and shut wn operatfons,
oper ati on aof teanihelgsbrpompf the réthm amdos ithat is disposed belowtthe ingermr eoacfqlonti @ndf the om

the cup. A suitaple outlet in the c s typically provided by an orifice
that is in QPP gﬁ%ﬁ?ﬁ}hf E‘étg?_B-ni’W%?rﬁglgh%e st Peﬁ%alﬂfﬂh%wal,m ERRduBaisposedhat
is in flui oﬁpm%gﬁ% bttt R b@@w@%teﬁmg)of@orﬂbé epﬁl%%ug.ngmﬁgs Lafign The
cup typically includes a termnal portion of the return conduit that 1Is

di sposed belfake $yseem, thedésian ofdbé cyyoartd the poditidrhef the irdett amdaluklevorifares tirblaihe

gap. Preferably, the term nal partjion of the return conduit is disposed
about 3 t o ABGHmantana fntisleve Ogé?IBWWé‘hiaﬁtoéFlﬁBPEPEcg@P’rfb&t he3d spces Al cup.
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col or ant
volume of colorant that is larger than the volume of the colorant cup. Suitable reservoirs
also include one or more stirrers, and associated stirring motors and optionally belts.
Preferably the reservoirs include temperature control, e.g., heating and cooling coils.
Suitable reservoirs useful in the systems of the present invention typically are capable of
maintaining the viscosity of the colorant contained therein by the controlled addition of
solvent into the colorant. In this regard, suitable reservoirs include a solvent inlet valve, a
viscometer immersed in the colorant, and a controller for adjusting the solvent inlet valve. A
separate reservoir or source of solvent is typically provided in fluid communication with the
inlet valve. The inlet valve opening is typically controlled by a controller that is responsive
to a signal received from the viscometer. Suitable controliable inlet valves are commercially
available. Suitable viscometers typically include a spindle driven by a motor, such as
provided by Brookfield Engineering Laboratories (Middleboro, Massachusetts). Other

suitable viscometers may include a piston driven viscometer such as those produced by

Cambridge Applied Systems (Medford, Massachusetts). Various suitable viscometers are

5



in the ink cup at relatively |ow pressures that hel ps to prevent |eakages.
100181 Suitable reservoirs typically include a vessel that is capable of
containing a volunme of colorant that is |larger than the volunme of the
colorant cup. Suitable reservoirs also include one or nore stirrers, and
associ at ed comintar¢ialdy availeble inwdidpthe sigals yedgwied Stom theafissonistey arenderived &owoi r s

I ncl ude tenperature contraol.. e.g., heati and cool in ils. ., Suitable
reservoir sqﬁ%@?ﬁfw Fﬁn?rﬂéﬁ%ﬂ&vgﬂﬂle&o%%%f tﬁgglg%cmnet%\A%%e@ﬁ-le{%iﬂa%fé are
capabl e of “ypBimERlYeRds fo @y \dev e ShpablOdf gri@dmgl i@l séRfveitd eRhrigBEmahd by
the controlled addition of “solvent into'the colorant. In this regard,

sui t abl e r esswsesity oighe Avidudéccardingly entablaviscomatersedo rot ngtessytiprequitepntpusetl i n
t he col orant, %gd a fontfoll%p for a 'ustinﬁ t he s?lvent iplet al¥e. A
separate rdQaPYONE BUCSERIERFIIP VISP YRS sV ESTRISAICTA) v PR UGB O ITRYE
comuni cat i\@heWotBlatdio rélaties vivadsu§ valhbeisisiifRieny.alrHese QRBAIsNG tufn, baepi cal |y
controlled by a controller that is responsive to a sighal received fromthe

vi sconet er .cogparedtid an elsatricolurtghl sst-paindtwhieh iseomrglateddo mrdesizedatalgrantisios | e.
Suitable viscopeters typically kpclude, a indle drive a mtopn, such as
orovi ded byoerguRiTesarnE et of g sDiadis” B e SonraliF doBimRel el s bt o)
Qher  sui tgbleft réSEQINB tEMShEBNind1BGE & &s@le@edsia@@isg&éa\fmhm fhe QB|JoRAt, SECh as
t hose produced by  Canbridge Applied Systems (Medford, Massachusetts).

Vari ous suidoatrbiersesdsonsigmal $o apen the salmend nletotolajlowsalteabloeeniter thvhiadbrantia the

signals received fromt vi sconmeter are.deriyed.from the electric current
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changes in the ‘viscosity of the fluid. Accordingly, suitable visconeters do

not necessarrodeps rsahen repeased puthe oviscosity intrsaestesg. véeate selvpnidesseeh tha clitlsicawd t vy
Its, wh | at,i ' I th . | at ed
ol at ve viGEBERS, S FaPte SINEEaoE ol be i Ruintet e ediianis3pgtoiled

conpar ed t 0y 3fRaf) R4tktd e fHhe RgeTroRPAYut 104U ©hbbet ZV0'RhAIAREE, R MofeRjor ed
colorant viscosity for achieving constant speed of the spindle. Wen the

control | er agetipaisd.nes that the electric current required to turn the
spindle at a pr cted rate LS eater than t.he set paint, the _controller
sbnds a i gnal (00KerSorbISGed EatturiRpEihensSand Bieton Bipalbipringe fifdhe

col orant i neghfifuniEARA O Rblordr? befFHeA Shd fRSerVdif &RPdp Tifs AR RRimRAAtdon i¥heN

the controller determnes that the viscosity is at or below the set point,
t hen the camovided,dor elaoypds bylvenseking onhe emd efithe fedeondiit © thprascoew ang thiehen

repeated as the viscosity ingreases, .e.g.,.due to | vent | 0ss O he
Cl Fohe, - ancPPrASta waddne duny "HefRar cipadisehs SCmaried BaimRyLaSamrAT e
viscosity Ofsdriifir 3t RMABbntast Wit iHeQoldesht, for example at an opening in the wall of the

reservoir or by utilization of a feed tube submerged in the colorant in the reservorr.

Preferably, the feed conduit is connected to the bottom of the reservoir. Suitable feed
conduits can be constructed of any material that is capable of transferring colorants. Because
colorants used in the present invention contain organic solvents, and as such the materials of
construction of the feed conduit should be compatible with organic solvents, such as glass,
metal, plastic and rubber. Typically, the conduits used in the present invention are fashioned

d™ brand, and stainless steel

from plastic tubing, peristaltic pump tubing such as the Pharme
for extension tube fittings extending into the cup. The feed conduits used in the present
invention typically include at least one feed pump for transferring colorant from the feed
conduit into the colorant cup. Any type of pump is suitable for the transferring colorant from
the feed conduit into the cup, for example positive-displacement pumps as well as non-
positive displacement pumps can be used. In certain embodiments of the present invention,

it is desirable that the feed pump is capable of operating in a non-positive displacement
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at steady state to be in the range of from about 1000 to about 2300

centi poi se, about 200 centipoise. [0019] Suitable feed conduits of the
present invention typically provide fluid comrunication of col orant between
the reservoir and cup. This fluid communication is provided, for exanple,
by connect inngleoSwtabhxipuofips inelufle peristatid piumps, omphlderrtpsepwops, gamcbunips, pwppeosi t e
end to the cup. The feed conduit can he conpect t | rost any. part of, the
Feservoi r (RENEADAFISHHEREC. GF BV SRR HsTeo: 3’6?1%@%%@@“& HEPWRRAdng i n

the wall of &rfs '6’?61[1' AbiRY suthi s b1 AR ™ Hahé iPed Hﬁﬁi-’d fley8 the
col or ant ir{le%(ﬁge?eszaﬁt\rl/o r.p Prleé/seratfll y, the Feed congﬂﬁu 'S ?O ec??edejtlo t he
bott om of tised methefeedicondiBui t abl e feed conduits can be constructed of any

terial that i t f ' | ts..,B .col t d
" the-present  TAGAIR: tabls eGP Serlyiin i rBYiguhRTid FPRL b st FRb et s ol s
of  constr ugeiQfeiortlteprb&aE R RAGH fypRABH N8 £ AR doRESit Wak thoRd88R Gum

solvents, such”as glass, netal, plastic and rubber. Typically, the conduits
used i n t heuppebetransfervieg colonand front thelvip trethe réseomimp| Aust type piipamp js suitable

eristaltic t ubi ng such t he PhagnedTM br and, nd, st ai nl ess stee

o ot oo BE e bes P Rl Tt e b 1o B ApRIe B iverABPlEE RS 6 eled

for ¢ | . . .

[ the presgibn oONeOkPRcEB AL chlel e, 3 cLesStmBBEISRbMITRCAgE

transferring colorant f conduit 1nto the colorant cup.
of punp i s inwntiab)ieisfdesiratietiat thestiarn pugp calapatde bf dpaating ine demegbsttordui t

oot v 1 i T SR s Dbl TR B e S
present in ' T il t L.S.fC
operating ﬁﬁﬂysg@r{{l%éo%vthl%ve :ksp ageghngﬁ’torG ﬁgc}gﬁﬂgﬁ, tabe*%fpg%g%hﬁx’g}f ude

peri stal ti oepstajis, pumyppaeid fbaxitly perigtaltip pumgeabing sughsas theRipamed 4V bragd a
back-fl ow f eat ur.e, conbi nati.on thereof Preferably, a peristaltic punp

and fl exi P S%?quéjogm%g lﬁ‘lﬁ_)rﬁs pss8ii _esrﬁtﬂ:‘ﬂl condpfte phar medTM brand
(plasticized po'[ﬁ@iﬂpyfk\?ﬁ‘%)gﬁhﬁ ofﬁﬁﬂgééﬁt Ientlditte g;ﬂﬁ%%{ytﬁesi%ﬂ&zﬁ th§'~ﬂ#12b| e

return conduits are pro I n comuni cat | t e cup.
system of tthemsfer eseint the ratemt doaduit yetiighedr Ithyani the tramifer rateriathe faed oowetivitt 16 bad
i ncludes a return for transferri ng[ col orant fro_mége cup to.t

(]

reservoir. wﬁpdtrpfﬂéf) %ﬂﬂogbim&ns T E3F iihe SCumgond i IS RIEKPEE by MpgE émuéﬂrgl_fﬂmq&from
2 0t n R SR U RS i e

i nvention, dntl aildglte siansfbt mtd inahe teten conduinis providddsustgpatEneanebndyiemavhicigai n a
non-positi Vrﬁajority of the return conduit has a cross sectional area that is larger than that of a majority
of the feed conduit. More preferably, similar speed pumps are used and a majority of the
return conduit has a cross section area that is at least about twice as large as that of a
majority of the feed conduit.

[0022] In a preferred embodiment of the present invention, there is provided a
colorant viscosity control and circulation system having a colorant cup that is sealably
situated adjacent to a cliché. In this embodiment, the cup includes a vent to provide an air
gap so that colorant contained in the cup is kept substantially at atmospheric pressure. In this
embodiment, a colorant reservoir is provided that includes colorant, a solvent inlet valve, a
viscometer immersed in the colorant, and a controller for adjusting the solvent inlet valve.
Here, the controller adjusts the opening of the solvent inlet valve in response to a signal
received from the viscometer that indicates that the viscosity of the colorant has exceeded a
set-point. The system of this embodiment also includes a feed tube in fluidd communication

with the colorant reservoir, a feed pump for pumping colorant from the feed tube into the

cup, a return tube in fluid communication with the cup; and a return pump for pumping
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di spl acenent node. Suitable punps include peristaltic punps, inpeller-type
punps, gear punps, punps having a back-flow feature, or any conbination
thereof Preferably, a peristaltic punp and flexible peristaltic punp tubing
such as the PharnedrM brand (plasticized polypropylene) is used in the
return condolorant fidd2thic chhdo thestobarantgeserymr. popsretion ofifhisand gelatgd systsips sal | y
designed so th tu‘ihe téﬁg@fer {)qte in the return conduit is higher than the
transfer r&fEPU ARPPE GIFHUPEO¥ n one enbodi ment, a higher transfer
rate in the retypge3jonthd thethsdPmovhiel BolBrntiSird Grasdfefrd EfroditBORE&Woir 6@MEUI t
and vari abl e speed punps. In a preferred enbodi nent, simlar speed punps are
used and aolirgherp in thepresentiavention typiealheinclude prowiiing a system gy desetibedhargna

return condui,t in. which.a lority of .the,retur ndyi t,._has, a. CrQss

ect onal - Pt sreps ey oy R e rRiqi Brtnk Sty BrieF, efigndisdti B naui ¢
More pref ernpéleds inﬁéﬂﬂdnaﬁqlﬁ@@ﬁ%vmﬁ%§ systein tHaethcRidds & coiaik by thaf istaficendt €6 Wr n
conduit has a cross section area that is at |east about twice as |large as
that of a aWehdmheyeinthedwp Ifaeedentoanl iriteriorroofPrtiom and pn efr gep benaattbibdireadnt  of
the present_invention, .there.is provide col.orant. .viscosity control and
ci'rcul at oSyt ArFRB TN A erabap Ll SpRERRIGRof POl By acent
to a clichgesebit; RirstueTBRHHITEA Fluid G chtivhl \Hﬁl@ﬁle%u’g?ﬂid thhsFiRyg Elfordft ai r
gap so that colorant contained in the cup is kept substantially at

at nospher i dirqmn gwsesesvoif tp thhicsp. enbodi ment, a col orant reservoir is provided

that includes c nt.. a | yent inlet.yvalve . ViSC ter iymersed in the
col orant, and aolb@#fﬂr oﬁ’pé?ﬁllgfo eé’éﬁ"ﬂé’f ?Fgﬁ{? ﬁ%log%ﬁfecﬁ?g?ﬁﬁw VgMigne t re, the
control | er \aghokiss §f thh 8olRPRI iNGhe Péseh iy £l EIH: soRlefi toMBé ¥YSlotalit WAAPRRSE tO a
signal received fromthe visconeter that indicates that the viscosity of

t he col or ariisdesisy s@beediediseosityeset prontatTheThgsosifiseanrhegnonitiired esviga varigly &l so
i ncludes a feed tube i,n fluid co icatio with the,col or.ant,reservoi a
f oed- pump. 1R sani i e ahstiapie SR Eoh 84l sl i Senat et T e,
tube in fl Lﬁcﬂlaﬁﬁ@m&b%ﬁﬁe@&d%bﬁcéﬁi@ UneR,; orQH@'yi@cdsﬂSr%@b@Hﬁﬂithéﬂ bRsEIRINNG 7

colorant fromthe cup to the colorant reservoir. Cperation of this and
rel at ed sysektige saale. Rreferabdy,de viaeospy ov/indnidorhd peianmelpéyosoale B3oRSlorqussequitadods

in which colorants.are transferred fromthe.reservoir.to the colorant cup
i the. proaBnaraRts sipRg Rl RS q bR NS S vist Syt pES S | beg
herei n  andyhitRB&fi88ichied heRIRAbEWN, afd Mh&Lial192e4ik®ld adcidIF IgidRn tBef er abl y,
the nmethods of the present invention include providing a systemthat

i ncl udes a skdledrasitdancup that is adjacent to a
[0025] In the methods described herein, colorant preferably is transferred from the

cup to the reservoir. In another preferred embodiment, the colorant and air residing within
the cup are transferred to the reservoir at a higher rate, preferably at least twice the rate,
compared to the rate at which the colorant is transferred from the colorant reservoir to the
cup. In the embodiment in which an air gap is provided in the colorant cup, the higher rate
of colorant transfer in the return conduit gives rise to colorant and air being alternately
transferred from the cup to the reservoir. In this regard, the height of the orifice of the return
conduit within the cup gives rise to air entering the cup through the vent when the height of
the colorant falls below the orifice of the return conduit. Accordingly, air is transferred into
the return conduit until the level of the colorant in the cup reaches the orifice of the return
conduit, at which point colorant is drawn into the return conduit. This process is repeated
wherein colorant and air alternate at being transferred to the reservoir. Because air can be
transported into the reservoir, it is desirable that the return conduit is attached to a portion of
the reservoir that minimizes bubble formation in the colorant in the reservoir. A suitable

place of attachment of the return conduit is above the colorant level in the reservoir, e.g., at
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cliche, wherein the cup has a vent, an interior roof portion, and an air gap
beneath the roof portion, a reservoir conprising colorant, a feed conduit
in fluid conmunication with the reservoir; a return conduit in fluid
communi cation with the cup; and transferring colorant fromthe reservoir to
the cup. [ Os2an ofthsitessrysir, sppat shesrebunedaipstaysia theoyaper phase o thsfesesyeiegndyy

TN O 1 10 g {10 YLSGASIrhteelied 65 GOLALA hald bhErdkESEHYOI T and addi ng

solvent to e col oran e VI'SC y 1S above a viscosity set point.
The viscosity cqn2sp rMriibodeekntsinvghieh th@mhaéryal dfansfegaseskhughoun thdsystem
rheol ogi cal arts. For exanple, viscosity can be nonitored in.terps of the
actual vi s&8% Wcl@fémsé%aéggg@t%cmdw&s feypolgimt sesidipg m@ln/}%@&&}g i patakpingdent an
moni tor ed %?s%ﬁﬂalgf‘co%staﬁﬂ'ﬁ%l! Vn ecsgé’rltﬁlla Eﬁﬁs{%@t 2BloYant V81 it '?ﬁil Byt OF ed
on a relative scale as the torque required to turn a spi'n subnerged in

t he col or aniie poéitionaibevs thetcdibh€of/a setmiral porsion eX thepetasn adnduithalshredereed tods cat ed
her ei nabove, are comrercially_avail able and readily. known to.the skilled

artisan. [dexoyiiqeptitheretingandiy Jucmbodinents where ap girggands pisvidedengaty thes
transferre . C e e ferr lLent,
the col or agrt'ﬂegg@@?fmrneésiﬁg% gud; ,%{?ﬁﬁﬁl&%’[ﬂdg 1%%%ﬁg?28%1?1a%)é1 {éﬁ’reg‘%’ {tﬁg O?i ﬁgg%aﬁﬂ?
reservoir &k any heighteds loag as it v leplesralidnythateringrad pottion of thidfeed admiuit widipéreed t o
the rate at which the colorant is transferred fromthe colorant. reservoir to

the cup. AP+ RePrefepsdicmhedmentstheiimainabpartiont the repmcapdut isdispaseE gha dnt
cup, the higher, 53 'm&%rs%%}l&l}ﬁ{étin{ef-i%f‘ﬁio‘?goﬂt' nt ktﬁcej'hgfrgl{{ &tﬁxQBQﬂdk&tﬂi%ﬁéu I s
to colorant and air belng alternately transferre omthe cup to the

reservoir. is typicallgir thgadrtge df fiwnhabh@itbnefo dbbet fivd dentimetdrs.t he return condui t

within the cup 3i ves rise to air entering the cup through the vent when the
hei ght of the 4892 adfuing eneramndiceman spppdimenisyofithepicsent inveatioring |

Accor di ngl WA : i : : ' i | evel of
t he col or a)r%E(St?Ih %gm%g&?ggs%@gntgﬁg?%aﬁ | gfet?otgg d ? ‘Ii?ggér?lg!ttg u{rhﬁ%ﬂé'ork{ld%]? , at which
poi nt col oreatbodinsertly, &vil praferded toexpedelthe clichidadtohies tolfiésh qalcrastSeom sheriajeeat ed

wherein colorant and air alternate ,at being transferred to the reservoir.
Because ai rCOBHH! pevery éti‘&li?d}ftté‘?ja “r%@olnttﬁ'é rg m@arfrm,t i§ preferably fppsfered i ¢ he

return condyit, r.L. | .t e | ;4 Z.es
bubbl o f or g erorPbt BELES P kil ltiod (fint &35 WRkdn o haihif £¢
at t achnment lodatddndoseetaha peinhplad than theadocors] ddntdorc ol orant | evel in the

reservoir, e.dg. $t 8 the top, of. the ervoir, so.that the retyrned air

, r i
stays in the vap8V28ihdaothar cpbpedincns QgPe Peeagt RN MGt sHOGIFEr B Ta B cd
into the i grght @g.'ﬁléd:sfé?{edtli%ﬁ'lgr prfpi€ ilethods that minimize the formation of particles and

contaminants in the colorant. In this regard, it is desirable that the colorant is transferred
penistaltically to the cup, or to the reservoir, or to both, e.g., such as by use of one or more
peristaltic pumps as described hereinabove.

[0029] In a preferred embodiment of the present invention, there is provided a
method of circulating colorant in a pad printing system, including sealing a colorant cup
adjacent to the cliché, the cup containing colorant, and the cup containing air disposed above
the colorant, wherein the air is capable of entering the cup through a vent situated in the cup.
This embodiment includes controlling the viscosity of the colorant in a colorant reservoir;
pumping colorant from the colorant reservoir to the cup; and pumping colorant and air
residing within the cup to the reservoir.

[0030] The present invention also provides methods of circulating colorants in a
pad printing system that include different transfer rates of the colorant to and from the
colorant cup. In this aspect of the invention, the different transfer rates help to reduce

colorant leaking out of the cup and onto the cliché. Accordingly, in another aspect of the
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[0026] In enbodinments in which the material transfer rates throughout the
system have reached a steady state condition, the colorant residing within
the cup is maintained at an essentially constant |level. An essentially
constant colorant level is typically determ ned by the position above the
cliche of @resentinpertiopotheiecane pfovided methedsthatamclude seabing o cup adingantita aclinhe, t he

i fi f th tur it. In enbodi nent i. ' id
bencat bt hdhe FEPBBE TP T RRI L U he Fsrnl et 18P Bl
return condgintferrthgdoolorhtefréth itlid éforaftigserifir Ntie BEP. Ol thése dnfitaiménts,ithd S
hi gher than the term nal portion of the feed conduit within the cup. In

preferred enlsentpesidisg withen therchp aslransérred do thefreseneoir vsing A fastarelicetivegransfer

di sposed about 3 tq . ahout 1L nmeters..bel ow the interi £.00f . portian.
The el ght gt comestedi§Riferetnlt clord sront o Bl T e Rk oo
about one tiRe aiUh thd MethHeaHisoBE&T fereih 08 éblofdnt bPoRRMERY cMtaind a Gkt Md
enbodi nents of 'the present invention, the systemtypically includes a print

pad that i ®pposilty eontansed) aicgsn Avuseh diersilp the term fielfective iapefernata” gefers tojthat

preferred to _expose the clic etch to. fresh colqgrant fromthe jnlet
Bondul t on "85dl YR SR I v rRRETe Ly R s B st e b Blvent
preferably i§ Er’b@é‘ft@xﬁ fiRCEubRha ad exéds§ 61 cdlvaht i@ BvAlfablde eatép tiWéneH torktfuitd lRecond
portion of the cup, wherein the first portion is |located closer to the

print pad temhedithents laglsing apisnt iap@ir gapordpth, thegransfer efthsdiotasantsn gie retwen

present inventi.on, 1t i ir h th olhgran i,,s transferred
Gsi ng. punpiRgCHEPiimRecd Pl 1o S8 B EorpaRarbP i SR RP b LR EOMRA B8
cont ani nanttgedetnitdgirt&ts aaRkativepréfRife in68aihe cup typisal§esdulB By actifiabf thbe
colorant is transferred Perlstaltlcally to the cup, or to the reservoir, or

to both, e.hjgherstiettivedrangicr e uf the retuwrcopduibcomppared toethe ifecdmonguit.as descri bed

her ei nabove 002 n_a.preferred, enbodi nent.of .the present.i,nventipn,
there s praveauney bRofiBi dRelt GRS e Rer R o operahng 3t ienay b
system i nclrbgdiiRd c6@phriedto ambRhOprREVUrS WhichagpieslpPbecufs Whéh Bk icGh ComdiRefitdp
contai ning colorant, and the cup containing air disposed above the

col or ant, ik e¢laranhe air is capabl e of entering the cup through a vent

situated in the hj i Lpel ud contr.allin I.scosity of
the colorant in @Hfé)ldl oﬂ;a{:r?ﬁalr gg@’%\?%?%ts OgtglﬁﬁlreﬁéntégYe&ElgﬁtthF ?8%%%@ %%\%%Fgﬁt
reservoir tfgorh i Soldranttr@sbrpbif Rl e cGp bsihp pfecdMind. rSinfiREyd tHedoMrhit rBsidling cup

to the reservoir. [0030] The present invention also provides nethods o
ci rcul at i ngviglon shegipsis irnn%ferrggw the raseivay usipgagaivrmpemp n lihguglyalrtost amtype

st g e 5 ) ROk I TG PR L S0Pt
preferred to use a pump capable of operating in a non-positive displacement mode. Suitable
examples of non-positive displacement mode pumps include, for example, a peristaltic
pump, an impeller-type pump, a gear pump, a pump having a back-flow feature, or any
combination thereof. Preferably, a peristaltic pump is used.

[0032] In certain preferred embodiments, it is desirable to also control the viscosity
of the colorant to overcome colorant thickening arising from solvent loss. Thus, another
embodiment of the present invention includes the method of circulating colorant in a pad
printing system, which includes sealing a cup adjacent to a cliché, the cup containing
colorant; controlling the viscosity of the colorant in a colorant reservoir; pumping colorant
from the colorant reservoir to the cup; and pumping colorant residing within the cup to the
reservoir at a faster pump rate compared to the rate that colorant from the colorant reservoir
1s pumped to the cup.

[0033] Further illustration of the systems, colorant cups and methods of the present

invention 1s provided by reference to the embodiments depicted in the drawings. Referring
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col orant | eaking out of the cup and onto the cliche. Accordingly, in another
aspect of the 9 present invention, there are provided nethods that include
sealing a cup adjacent to a cliche, the cup containing colorant;
controlling the viscosity of the colorant in a colorant reservoir;

transf erri tgFigoreob.aptorantdris pdded o sasarvoirrl8s whotsiit iscontippouslytimed by giger 17.
enbodi nent the .cal. residi L4 hy i r t he
reservoir ﬁ%l Fﬁg”%r 1% §L}? éelf%wg%tli%v‘gg? ygl?is ert&rq?a e éénB{é‘rd %ﬁ%%ge&r%t e t hat
col orant f cowyini@4 aph osdtint ERRar Tk elecwicef fueeht rqlited toanaineiin td costarithe cup.

In the nmethods disclosed herein, the colorant cup optionally contains a
vent, and spgsdicdmatesl ismmenitesedhy eantrofantS. Abhe asgnhdrawn by mefer 1 &isirectly
"effective r.J " t t - whj col . be
tranat er r ot FE R b8 SR An 0 dfhen R for ot RGGROPVRBIDANE OF

the cup andoaticliXd6%8n b seGLch tat for 9 givneni cubbhitsettihgq6i Mlativeetti@p)iths scloagtui t .
In enbodi nents |acking a vent, an air or both, the transfer of the

col orant i nlehealyetlyppens éhier the actual oy Zé)n’dmg (oneelafs\iepdingl excends sl Bt ant
i ded tq th f ' ' t]
P eesure | RoliTeBHE ThYs WEnEERCRAPHE borotefl 14 BERGLEHRARL BSOS SuREPRL VP o

transfer ratRlingintiResedscdolvent 29 it ol CpNPREedirt10 it hédddasdoloaad 0! After
Accordi ngly, the nethods disclosed herein are capabl e of operating at
slightly raofficeant splvend dupdded dhgpiareatilevel fHomineater & &ops pelowihe 84t peinsprdithey
occurs whe he. . | | | ] L b Y
enbodi nent g‘ O%’F Ettlﬁ}eép\ﬁélggg%tg ﬁ)lséé\'/eﬂr)@g%eﬁ , ?ﬁg goﬁ'(ﬁ)(ﬁgln P glgaffrja%fnésog%jrﬁ%g}&ﬂ&f romthe

col orant r esgitabd frofnd TN Ereiid [Tedls iAmgerita e qCadMPireadh, Miinid) Yan b& Erc6otdtédin
residing within the cup is transferred to the reservoir using a return

punp. Al t hdgsystemedtheprgseny gwenden. phiieh dexiseherefigreplfygnodifigd &f g suitable in

| " gre ST hh re T - _
i capabitis Bledc bhveflich, iFeaHibid, By KIRERE O of ghar fim B BBk Rt @
exanpl eis pfres&ﬁmiﬂs@ﬁ“isﬁdm@vﬁ{elsm i AR th&géi&:rﬂwmﬁ'ﬂaﬂfdwdﬁ}tarﬁimntﬁx AdditnaR
eristaltic , an inpeller-type punp, a gear punp, a pu aving a
back- f1 ow f@gﬁggipn&rﬂc&@ pr%ﬁwig% $t§f@ggﬁfe$eé%mr rl»géxrirg?lawsylﬂngthséﬂos%ém be
Pleb Cont r G PRO i AR TRl F L EehRIOA aR R ok pNASRIGAR T

arising from solgesd] |G, Thesoraands Reulled Foatihe®oiomfofrékervyaictshf colorant
I nvention includes the nethod of circulating colorant in a pad printing
system whifes puven L yeasfead Bibingyt aThqphrap jsAcraiistaltéc purap withe fixadeeemstry hold-

contai ni ng 4.6l 1053 %d et géé%dqgotg{] CAlb ?&gﬁ'lntgyto % gler 3, i@ e BfoRdMt id e fed
punpl ng c€ol oran

col orant reservolir;
into the ink cup 8 via extension feed tube 27, also referred hereinabove as the orifice of the

feed conduit. The outlet of the tube is about 1 to 2 millimeters from the surface of the cliché
19. Colorant 25 fills the ink cup 8 until it reaches the inlet of extension return tube 28, also
referred hereinabove as the orifice of the return conduit. The end of the extension return
tube is about 3 to 5 millimeters from the roof of ink cup 8. Colorant is contained in the ink
cup 8 by a tight seal with the cliché 19 by ceramic doctor ring 23 (i.e., sealing edge). The
ink cup 8, doctor ring 23, and cliché are commercially available. When the colorant 25
reaches the extension return tube it is pulied via return tubing 3 by colorant return pump 2.
Both pumps 1, 2 are identical, however the colorant return tubing 3 is at least twice the
diameter of the colorant feed tubing 4. The difference in diameter and the use of identical
peristaltic pumps {(or pump heads) ensures that the flow rate on the retumn side outpaces the
feed rate. Therefore, when the colorant 25 reaches the extension return tube 28 colorant 1s
drawn until there no longer a fluid connection. When there is no longer a fluid connection

air is drawn into the return tubing 3 via vent 31. When operating in steady state the return
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fromthe colorant reservoir to the cup; and punping colorant residing within
the cup to the reservoir at a faster punp rate conpared to the rate that
colorant fromthe colorant reservoir is punped to the cup. [0033] Further
illustration of the systens, colorant cups and nethods of the present

i nventi on itwipg ogilte fohycalefast dnawdotay dréve. Ehisadlpwe fiera ewgiapt eddorant leved in

dr awi ngs. éPﬁaferri nglb. 10 to Fidqure 1, Cﬁ_]lo‘#l rant 14 is added to reservoir 18
where it i dCBRYHERIFATgieled AHERE Iy el Blng PSS The stirrer is driven by
notor 16 via a hed¥s] MytaFisHidg @ byBsurd b1 g @il InddFer spdtatidh, itGObelledBd 14
at a constant speed. The el ec%rl cal current required to nmaintain the

constant S énsidy adusted (Sdvend/viroesityd eeldraplisgoeferably dapogiged orHide glighéctehesr awn

by notor 12 is directl relate 0 the viscpsit f.color.ant, 14 although it
"% ot a aerevey et plms R, o reRRnd RBSH: Rurtf stlibpdte ok
that for acgiewsin Giber2gmit tiRehéntd tKeXbuplrelafid 68hs BlokioN OF tHe@icEOhyIgat9 ardoet
val ve 11 opens when the actual current reading (or relative reading) exceeds

the set paétnm the celerantiibe relptve bask pesigen yiatoxtensiop dnks 2t Rafarringde &miee hnd

t he notor current .readi | NCreases, . sol ve fLo vent servoir
1071 5 addedRs ARt aisk R B ALFARGRRT upay Sl ST DR 1SR o
| evel fromp@fedko #¢ rlh@PTho Rl fWetibeutidas o8t Miletaind dublet alsPéneBitagt Bngh- val ve
11 cl oses. Devices known as "Ink Punps" that are comercially “available

from | TW TrstagsatioecH wierantia theeup. (Wheoit isdessgdto ramaviedhe inkqgaip fererepair or a

i ncorporated in .th stens of..the present i.nvention. ch devi ces are
Lyotoarly. nbEeEao s R ApRb R BT i P SRS EE IR e, by
el i m nat i ngifefforiSahOfubf8ithrdishiBe p@ Stk A et fb%rsfr%sf%éd/ﬂhf&ﬁ 166 eﬁPfyh
devices to mnimze the generation of particle contam nants. 'Additiona

modi fi cat i dhsinksop.tlie rgmaningiles! pheolexant isebowi2 toSsmilliietersi svhiigh welrsateanyp t h
the colorant to be . copposed of a terial the mnimzes the generation of
particles, r%qcé_e,amﬁqtm ‘élflﬁlarﬂ?léggp rgrf%o {8 00341 In FIG 1, colorant 14 is

pul l'ed from the [be3d]OMA pleft@SPEMBPOIimé dThEHsRiANind nhRsUsMEe prevend f eed
tubing 4. The punp is a peristaltic pua)évmth a fixed geonetry hol d- down

| ever and duyestianeresestthterhereinbalpyo K16 8 providestsehemegin, eross sechendoingr ant i s

then fed into the.j 8. Vi tension f tube 2 I f d
ner of nabovd oot YE IEREEs S icaeuing B0 meiororaibito 2fmedri gl Brdhidie o
about 1 to poviidd. i’m%ts‘éhémﬁt!i@ﬂ]u%ﬂﬂﬁiﬁtﬂefﬁ@ﬁth@Plab&ﬁerﬁ'df@lﬁheth;&}%h hoRds @1 fetcug S
fills the i'nk cup 8 until it reaches the inlet of extension return tube 28,

al so ref erfoepla¢rment nbthewenadeadi{ée.orflaw deonduit oreficceandrretugneanduit oriflee Ehel of
EBS g?(t ecglsg:?%ﬁ{sg%tlléaqdﬂil%{?aﬁ@hsqeﬁggﬁée glr?&gmgnt rcr)‘f h{el frérg& Fz.ref “fﬂE)QV ;[nch re{u(l)‘r(lnz;or? uitI nk

orifices with respect to the inner roof portion of the cup and the cliché. The perspective

illustration depicts the placement of the vent, feed (i.e., “flow”) and return conduit orifices
with respect to the inner roof portion of the cup.

[0037] FIG. 4 is a schematic illustration of a preferred embodiment of a colorant
circulation system of the present invention. This figure illustrates a reservoir containing ink
(i.e., colorant), the reservoir in fluid communication with feed (“flow”) and return conduits.
The feed conduit includes PTFE tubing connected by fittings to flexible tubing (Pharmed™),
which is mounted on one head of a peristaltic pump. The flexible tubing is connected by
additional fittings to additional PTFE tubing that is connected by fittings to an extension
piece mounted in the cup that forms the orifice in fluid communication with the feed conduit.
Similar tubing, connectors, and pump head provide the return conduit. Both peristaltic pump
heads are connected to a common peristaltic pump. Further details of this embodiment are
provided as follows:

Type of feed and return pump:  Masterflex Peristaltic Pump, 30 RPM
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cup 8 by a tight seal with the cliche 19 by ceram c doctor ring 23 (i.e.
sealing edge). The ink cup 8, doctor ring 23, and cliche are commercially
avai |l abl e. When the colorant 25 reaches the extension return tube it is
pulled via return tubing 3 by colorant return punp 2. Both punps 1, 2 are
i dentical , hoWekiBg Dianeetess| orant return tubing 3 is at |east twice the

di aneter of the . ) rence in dianeter and the
use of |dent|caF%R%§§?§%]%qﬁgihmﬁgggygrn%g?Fﬁhea §) ensures that the flow

rate on the ret Rldw pegalbittesgs theMasfta\ﬂdxPahmedmesﬁsowpemgﬁcmnamg
col orant 25 reaches the extension return tube 28 colorant is rawn until

there no | onger Retnpersialiisiebingon. Mpderflen Shamed %864%%5%Perastalﬁle|T@blng
connection I the ret t 3 via vent 31. Wen
operating in sge yoqlssg)\g,?r‘léﬁkg returﬁl#fﬁmﬂ%}hg‘gﬁ oggles fromcolorant draw to
air draw. ThiBurap Speaisf or a const antFlowland agtiurn mmneps rotate 4t3® Kup which is
preferred during the etch filling process. 53035 Not wi shing to he bound by
a particul ar @ﬁg’m ViscogiteRangesn. i t¢8 S00pi2802 gentiprise dpp@mg/maee fEped

(sol vent/visc i.s pref y t n hes
on every stroggcé%)e&eﬁ 'F(ﬁﬂ#?llelsl n th|§I ?érggﬁjﬁﬁ %ﬁf? ﬂgd elélltkw e 3563“6?8&’ fresh
col orant vi a Cektinséservoitududd apdrok 800Nt  of the cup relative to the
notion of the cliche holder 9 and to return the colorant at the relative
back positi onSelventagsesyadt vlumgserey. 3@lerring to Figure 1, the colorant is
pi cked up by the print pads 7 i mediately after the cliche holder 19 has
noved to the right. The relative |ocations of the inlet and outlet also
encourage a non- stagnation of colorant in the cup. Wen it is desired to
remove the ink cup for repair or a change of color, the cup is easily
enptied by reversing feed punp 1 (or by reversing the direction of the
tubing through the peristaltic rollers.) After reversing feed punp 1 to
enpty the ink cup, the remaining |evel of colorant is about 2 to 3
mllinmeters, which nmakes cleanup nuch easier than having a full cup of
colorant. [0036] A preferred enbodi nent of the systens and nethods of the
present invention are illustrated hereinbelow. FIG 3 provides schematic,
cross sectional, and perspective illustrations of one enbodi ment of the
colorant cup of the present invention are provided. The schematic
illustration depicts the placenent of the through holes in the cup for

pl acenment of the vent, feed (i.e., "flow') conduit orifice and return
conduit orifice. The cross sectional illustration depicts the placenent of
the feed (i.e., "flow') and return conduit orifices with respect to the

i nner roof portion of the cup and the cliche. The perspective
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illustration depicts the placenent of the vent, feed (i.e., "flow') and
return conduit orifices wth respect to the inner roof portion of the cup.
[0037] FIG 4 is a schematic illustration of a preferred enbodi nent of a
col orant cj rcul,aé:i gn system of the present invention. This figure

i || ustrat es VhatdsE4aiped: cont ai ni ng ink (i.e., colorant), the reservoir in
fluid conmunication with feed ("flow') and return conduits. The feed

condui t i ncl udesyHrEomphiing: connected by fittings to flexible tubing
(PharnmedTM which is nmountéd on one head of a peristaltic punp. The
flexible tubing | : i . Tt E
tubing that is c%%ﬂ%@?@gﬁ%g% F{%Q%ggﬂt%g%ggﬁ%xutﬂgﬁéﬁgﬁdtcg?gglgbﬁ%é&%?gafizﬁ t he
cup that forns thgerdorirboCortion,fandiad acq@ambenexttt sabdrosifphritdme f eed condui t.
Simlar tubing, connectors, and punp head provide the return conduit. Both
peristaltic punparéeftdsr @nspriship @ttt 0 a common peristaltic punp. Further
details of this enbodinment are provided as follows: Type of feed and return

punp: Masterflex,Bgly c%hﬁhﬂx?ﬂﬁ"d%mr@ﬁﬁgﬂﬁ with sbiPieBGvhiradmitt ers:  Fl ow and

return hard tubi ﬁg: 1/4" 1I D PTIFE Tubi ng Fl ow pserl set al ﬁr’c tubi ng: Masterfl ex

Phar med E-06485-17 Peristaltie Tubing .Return.peristaltic tubing: Masterflex
@uﬁ T uni % ﬂ'g?%& %l%

Phar med E- 06485- $&°HH} fdMjtin Funipgiion v Pl nk Cup: 165 mm
di anet er Punp Speeds: Flow and return punps rotate at 30 Hz Col orant
Vi scosity nges: ca. 1000 t 300 centi poi se dependi on_col orant.
Vi soomet or andlEERE) ¢ amS, BFie S reaRSPR I RS e Ve RISBAR o SVierorRE )
Col orant  r eserygh b 4OihUiRl HRLAX anB OMHoHeSRr WBINAESET YO Ent {RLLE QRRAHOX.
300nL 13 What IS Cfsal med: 1. A Systemconprising: a colorant cup that is
adj acent to a aniroler, beierespanssaitd acignakbwogvedsremaaidevisgonzater. i nt eri or r oof
portion, and an air gap beneath said roof portion; a reservoir conprising
colorant; a feed conduit in fluid comunication wth said reservoir; and

3. The system of claim 1 wherein said feed conduit includes a feed pump for transferring

colorant from said feed conduit into said cup.

4. The system of claim 3, wherein said feed pump is capable of operating in a non-positive

displacement mode.

5. The system of claim 4, wherein said feed pump includes a peristaltic pump, an impeller-

type pump, a gear pump, a pump having a back-flow feature, or any combination thereof.

6. The system of claim 5, wherein said feed pump is a peristaltic pump.

7. The system of claim 1 wherein said return conduit includes a return pump for transferring

colorant from said cup to said reservoir.

8. The system of claim 7, wherein said return pump is capable of operating in a non-

positive displacement mode.

9. The system of claim 8, wherein said return pump includes a peristaltic pump, an
impeller-type pump, a gear pump, a pump having a back-flow feature, or any

combination thereof,

10. The system of claim 9, wherein said return pump is a peristaltic pump.
14



a return conduit in fluid comunication wth said cup. 2. The system of
claim1l1 wherein said reservoir includes a solvent inlet valve, a visconeter
imrersed in said colorant, and a controller for adjusting said solvent inlet
val ve, said controller being responsive to a signal received from said

vi sconet er . 1 B Theigustem of slaigfl, wibgrew saidfred ppdubmaludesy s pamphepdangaad

feed punp for f I; I t i : i{.Jd i p.
4 The. syst em ST nRalt g R LA R ke B AN W d sk DA el?, |
a non- posi ti veare shtsgiedioenesmmongdampp. The system of claim4, wherein said
feed punp includes a peristaltic punp, an inpeller- type punp, a gear punp,
a punp having a back-flow feature, or any conbination thereof. 6. The

system of clRiTheSystvheTeldimsiathef @ 6ail dipinichidas Reblifiéint fhid poihunicatidi®ith
systemof claim 1l wherein said return conduit includes a return punp for

transferring seidlfeechermdpitand sathcoderpntdsposedion sadehdies . 8. The system of
claim?7, wherein said return punp is capable of operating in a non- positive
di spl acenent node. 9. The systemof claim@8, wherein said return punp

i ncl udes a peristsgttmofglaim, 12awherenpsdid erifite/iepgsadpbou 1geaboyinmillimeierp
havi ng a back-fl ow featyre, or any conbination thereof. 10. The system of
claim9, V\heréﬁbﬁv%%ﬁl‘gaﬂé‘lﬂurn punmp is a peristaltic punp. 14 11. The system
of claim1, wherein said feed conduit includes a first punp head, and said
return conduit includes a second punp head, wherein said first and second
punp heads l4r Eheisystem aficlpyn 3, whersinsajl sup. indlpdesppeorifips e Ak commaunication with

Wher ei i d . _ h B . . Cane it h 4 feed
condui t and wi £ e R GRe bddsily Bl bR CRIBOL ST £ BT G
12, wherein said orifice disposed about 1 to about 2 mllinmeters above said
i che. 14. t .claim1l, .wh in. said i.ncl qrifi [
FI Ui d om0 e YReiSl o WL st SRR LAg i P B BHAIeRyP SACFEb! or ant
di sposed on salyddgik Hﬁfi@sedjaﬁoutﬁ‘@ it SMilinetrabowsaid Rl FootbfliohuP

includes a termnal portion of said return conduit disposed about 3 to
about 5 mllineters below said interior roof portion.

16. The system of claim 1, wherein a majority of the return conduit has a cross sectional area

that is larger than that of a majority of the feed conduit.

17. The system of claim 16, wherein a majority of the return conduit has a cross section area

that is at least about twice as large as that of a majority of the feed conduit.

18. The system of claim 2 wherein said viscometer comprises a spindle driven by a motor,

and said signal being derived from the electric current that drives said motor.

19. A colorant cup comprising a vent, an interior roof portion, a sealing edge, a feed orifice
disposed about 1 to about 2 millimeters above said sealing edge, and a return orifice

disposed about 3 to about 5 millimeters below said interior roof portion.

20. A method comprising:
providing a system comprising

a colorant cup that is adjacent to a cliché, wherein said cup comprises a vent,

an interior roof portion, and an air gap beneath said roof portion;

a reservoir comprising colorant;
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16. The systemof claim1l, wherein a mgjority of the return conduit has a
cross sectional area that is larger than that of a majority of the feed
conduit. 17. The systemof claim 16, wherein a nmgjority of the return
conduit has a cross segtion area  that is at .|leas out twice.as |large as
that of a mmjority of? {358 SPRUH OIHEY FemMPBICAAR WD SEIHFITVAR AN 2 wher ei n
said visconeter conprises a spindle driven by a mptor, and said signal

bei ng derived from t hereiacepdwt sufud semyamicaien waldl saish dppdrdr . 19. A

col orant cup conprising a vent, an interior roof portion, a sealing edge, a
feed orifice dispofedngbelotant from sisbigseroimid $didretrer s above said sealing
edge, and a return orifice disposed about 3 to about 5 mllineters bel ow
said interior roof portion. 20. A nethod conprising: providing a system
conpri si ng al.denalidd afigaith20 furtheachraprésitg transferahg coleranwfrermedand g td saidp
conprises a vent, _an interior roof portion, and an air gap beneath said
roof portion; T8F¥¥ervoir conprising colorant; 15 a feed conduit in fluid
conmuni cation with said reservoir; and a return conduit in fluid

communi cation with said cup; and transferring colorant fromsaid reservoir
to said cup?2.Zhe methodres Haitn 20, vhesgimsad visgpsibeaf seisigolarantrig conteglielidyr i ng
colorant from sai.g) cup,. to saitd re(ierlvoi [ %2 .Theln”ertEod.qc?r};_j cl a'k mhéo .
wherein said JREHSERBNE IS of T FAtent et g enlPrt Phie said
viscosity of saicdsiPlsQbad a diREbspgdEt®IKOl vent to said colorant while said
viscosity is above 'a viscosity set point. 23. The nethod of claim 22,
wherein said viscosity is nonitored as the torque required to turn a
spindl e SubsRrERndilodaf daiiPh 2I\Abrein 24id vINBSIFE idhibledlsdhiioRthe bBFA B
colorant and air residing wthin sard cup ar€ transtferred to"said reservoir
at a hi gher rate xspigpie subrh@gtdim sant @latntwhi ch the colorant is transferred
fromsaid colorant reservoir to said cup. 25. The nethod of claim 24,
wherein colorant and air residing within the cup are transferred to said
reservoir ap4lBRIhetAOOUE clhith 26, Witkeih@bRrait and bie Residifg GAhaT @il cippark hangtesd ed

fromsaid colorant reservoir to said cup. ) .
to said reservoir at a higher rate compared to the rate at which the colorant is transferred

from said colorant reservoir to said cup.

25. The method of claim 24, wherein colorant and air residing within the cup are transferred
to said reservoir at least about twice the rate at which the colorant is transferred from said

colorant reservoir to said cup.

26. The method of claim 20, wherein colorant and air are alternately transferred from said

cup to said reservoir.
27. The method of claim 20, wherein air enters said cup through said vent.

28. The method of claim 20, wherein the colorant residing within said cup is maintained at

an essentially constant level.

29. The method of claim 28, wherein said essentially constant level is determined by the

position above said cliché of a terminal portion of said return conduit.

30. The method of claim 29, wherein said terminal portion of said return conduit is disposed

about 3 to about 5 millimeters below said interior roof portion.
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26. The nmethod of claim 20, wherein colorant and air are alternately
transferred fromsaid cup to said reservoir. 27. The nethod of claim 20,
wherein air enters said cup through said vent. 28. The nethod of claim 20,

wherein the colorant residing within said cup i s nmaintained at an

essenti al | y3kdmetagibod @fﬁémm 2@ whemein e systgmohicloties #piig pagdilatas positiangd
essentially cq stant Je r e 0si t.1.on i che
of a term nal gb Egﬁld sal %r{.nﬁrsrr?r%lgn to?oﬁrg orﬁ %&?X\fpar} aolurtr:%g,
wherei n sai d tsecoidpaktid06f dadlicud, sﬁalfﬁstlpeftwhrbeﬁfgﬂdtutéd claseilwaﬂaqaﬁ t fdiokén 3 tO
about 5 mllineters below said interior roof portion. 16 31. The rrethod of
cl ai m 20, whersaidrseednd poyiem i ncl udes a print pad that is positioned

adj acent said cup and colorant is transferred into a first portion of said
cup and out of a second portion of said cup, said first portion being

| ocat ed cl o32Theanghodiofelaim 2©,adhelr¢iamaidwlmialﬁé&:mr[i;fqlmdtpedataltfmlly Theidmtphod
of claim 20, wherein sai.d col.or is transferred peristaltically to said
cup, or to sé?aalﬁé%séﬁ% or ot o both. 33. A nethod, conprising: providing
a colorant cup adjacent to a cliche, said cup containing colorant;
controlling the viscosity aof said colorant in a colorant reservoir;

t ransf erri nd-cbMsthods cOBASIAEI d col orant reservoir to said cup; and
transferring colorant residing within said cup to said reservoir at a faster
rate conpared t optovalingaeolonant cuphdjacent tof a divhé adaitl pl comtaming esloranti r i s
transferred to said cup. 34. The nmethod of claim 33, wherein said cup
remains filled weérhirolbh®thantiscosity offail dutdramdn afcotdraities@dyoimher ei n sai d
transferring colorant fromsaid colorant reservoir to said cup uses a feed

punp and said tr%Qﬁf@rﬁ&@%lo%ﬂtq{o%ﬂ&ax&@&bﬁ&nﬂ&s%&ﬁ't@saﬁ&bﬂpC‘dz']ﬁ to said
reservoir uses a return punp. 36. The nethod of claim 33, wherein said

transferring col &&?&T&q&xﬁ%‘o?&r&lﬁ r&lﬁlﬂ%%&@ &ié tto%aldslééeqt'&?ﬁtgﬁ Yagt!eg_rf €s a

punp capabl e of oOperatifig 1 n a non-posi splacene
compared to the rate that colorant from said colorant reservoir is transferred to said

cup.
34. The method of claim 33, wherein said cup remains filled with colorant.

35. The method of claim 33, wherein said transferring colorant from said colorant reservoir
to said cup uses a feed pump and said transferring colorant residing within said cup to

said reservoir uses a return pump.

36. The method of claim 33, wherein said transferring colorant residing within said cup to

said reservoir uses a pump capable of operating in a non-positive displacement mode.
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