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-1- METHOD, APPARATUS, AND SYSTEM FOR BI - SOLVENT BASED
CLEANI NG OF PRECI SI ON COVPONENTS PRIORITY CLAI M The
present application clains priority to U S.

Provi sional Application No. 60/623,847, 5 filed

Cct ober 29, 2004, and entitled, "METHOD, APPARATUS,
AND SYSTEM FOR NON- VOC BASED CLEANI NG OF PRECI SI ON
COVPONENTS, " which is herein tlAcor porated by

or certich oAt Sidlls AR SUFEEH EoR bl ipNipasen

present invent cpRANING OF FRECISMYNYCOMBONBENTSNt based

cl eani ng system for precisi EE gl Eigl ng of parts. In

particul ar, the inventi a bi-sol vent

Cl eandiprest® hiRedidh QMRS pEDRY to OFS, Mowibibhdl Zpplication No. 60/623,347,

ﬂ?b'(p)ll vent recl amat i on process to rg%uce ove£m§@§¥gm FOR NON-

VOICBR5ED @ﬁgAﬂm o PWE%IST@N UUMF@NENTSP"WM@&S Aepdind@corporated by

variety o 'eaning solutions including various
refgenos e the ea@tlbfw@@m@mt@f with tharpresgil glosWext ures.  These
systens operate to clean and dry various devices or
parts such as nedical devices, optical instrunments,
waf ers, PC boards, hEIELDJORTHERIBELOSURE drive
gg% neﬁrtege’nt an frc])%lr Eg%g%gﬂwgtgla sgfvsntedagﬁ Elgﬂnﬁ" %&ﬁ%r precision
ctmk@g tbt&ﬂrt@f hspmlmoam shelnzargioh méaiesats a\ppsdlzeny mleh«uhmwﬂegl for precision

vOoC
iebe s DRt e S i AP G B B

formvapors at ambi ent terrperatures and pressure.
While VOC s can he, s cl eani ng
system the use ! -

r egupRLigidn dslanir SRNCABAMS s dieﬁﬂaafﬁioﬁgy hﬂﬂhﬂé @l wide variety of cleaning
envi ronnental and heath effects resulting from

selutings Uneluding arousi spd¥rasy delgreentason pie nshersaquioy BipTes: Fgse systems
?r§gtp§féglf—a€@dﬁmaﬁ%s @dvideD 8r PARSAA ad MEGIBAI RBickss optival instruments,

reate a suitabl e cleaning stem and sui table
vafeean PRy beewdso digbridr ciecudant Fbﬁé drecicompAnEpBiREsps mechanical or

of n?ecﬂgﬂl%ﬂéb,p @néodr‘fl‘?é‘ﬁ recl amation 30 process to

uce solven sc’harge V\hl | e recoveri 'r;é; sol vents for, .
r eusMaayl @tor ad |smmmakér hee off sobvenis classified poYOCONPY Volagile Organic
deS| r ]
o Ui s piiq Hemicelih B KE yalop BrosARRANAT it vOC™s can
ea:sﬂgatfam Rapirs at dmbiandempgratase nhd pieysire niddiend€’s dahde successful in

o A R S T i % S bl b concrm
regarding harmful environmental and heath effects resulting from exposure and/or discharge of
VOC’s.

ctl -

SUMMARY OF THE DISCLOSURE

An object of the present invention is to create a suitable cleaning system and suitable
cleaning methods for cleaning precision components while utilizing a solvent reclamation
process to reduce solvent discharge while recovering solvents for reuse and/or disposal. The
present invention comprises a bi-solvent design for cleaning precision components using two
solvents to remove soil and other contaminants. In one representative embodiment, the two
solvents can comprise a first VOC-exempt solvent and a second YOC-exempt solvent wherein

the VOC-exempt solvents generally are as effective as VOC solvents. An operation mode
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the VOC- exenpt solvents generally are as effective as
VOC sol vents. An operation node -2- conprises cleaning
a precision conponent within a first VOC exenpt

solvent to renove any soil, particulate matter

grease or other contam nant fromthe precision
conponent followed by rinsing of the precision
conmponent within a second ta#k containing a second VOC

exe sol vent. .t o _reno f "
%gjé?wg@%%ﬂgm “B’f“?ﬁ gvla&l Sltlrst{? e é:?((eerﬁgtt SBEIETH \}% F]emove any soi
parkdilldt€) ndtief; P& rl dlhbrrmﬁ&numtme fiole dre pqc;a]mm wimpgheng followed by

. Steps .can each conpri se, ect i |s

nnw%#@nmrewaowemp e Sithii Shiobd el forsfi g, obleBiha VOC exempt

solﬁ'ﬁytot ‘RlrdoeB awy taih Neft B@theC;ﬁeaﬁ&DOcﬁﬁbdﬁﬁntsw ﬂlﬁfﬁfﬁﬂ‘@oc exempt solvent.
further assist with cleani and ri ns;ﬁgg Afésol 0 subactm the

Durigg: Bigetnpratign anodsoths ql@g@g&@%&iﬂ&mm f§2F P‘“%E Jecting

pre?&SHpEOtﬁ PRt 1o ToSRMRE a8d Pafihsodfcalijie indubal n@vitdtiep, within the
romthe second VOC exenpt solvent. |n, one

corpespamdingrioditenty to Eibergrssish witht gheanigg @BA FISiE: eRetpbent geovery mode
cm%%a)ﬁ &émﬁﬁﬂ%&? firdy W@%}ﬁ 4 E{%Wetn% Eéﬁhsfe‘;gg %s ik 8f the rmsmg step, from the

vent su d VOC exenp
secomd WEHE exenlptem‘wat edn and represeaieied smbedimsns éhwcpred Mic-exempt
solwnf ﬁ%u'h \b/%]% e%< ?ﬁ%@sx%& s He ﬂ VW dxemPP s tCS%H i t'ﬂ@@&c%nd voC

exel’rp sol vent, can rop erl
exetlips pelse mrfecovleredsmdrmc}aamcbbe reusstwhils therBotiiv ‘F’@mpt vent, as well

di scl osure de cribes
o e
sol westme mka&aﬁtlvemnmcﬂhmms e disclomne de@pb@semdtqdv@r cleaning

enbodi nent s Ios re. describes a
presn@aﬁplﬁaonegifsvwﬂm rpIVER EIHRG BRI l"eﬁpﬂ‘*&%@&m’l system.

Whi Ine sdth et bsatiafivr emsmmemty, e dﬁmtosdﬂeSMSﬂ]besoé bi-yadvent cleaning

solvents. In sone representﬁilve nent s & sal of two
SySEITS £ SAQARinE PRSI BnENtS ¥ lﬁa“’z\@ﬂ%ﬁr faf's°°"?!8ﬁﬂ PsdiFRy
solladpks and associ ated plunbing to faC|I|tate the

cl eani ng of precision conponents th a bi-

cl elnporge Syrresshiativs, PRIGOGTSHE Bt ?Cé‘tsavefi?s"%%‘t &1 “P‘Hg ' apparatus
cmggﬁs%% %gg?ﬁﬁf‘%ﬁf)él%‘ﬁd g[ﬂﬂ%g@fa&htaféqﬁeddl%hﬁsw \}Q‘eczsmn components

a netho r disposing of a first
mthmebms@lvm Iclegnitig systbm kayeerohgniae0ueyIFISIFOC exenpt

sol yen evl\r%lgr{rs]sheﬁtaﬁ{re SHhBRnts, fleQRRlonde ¥RHEE a ﬁ&hb@ﬁgd:sposmg ofa

throu e present disélosure, the term
ﬁmmn@temmbv eslvént iand dredovering & Gecodd VQC| exgmpb rsrglaent omth a bi-solvent
unds determ ned by the United States
cleﬁiﬁfyﬁfﬁbnt al Protection Agency to have negligible

phone abinthfoaghdue aetpresemtwlmtuémbhha teané‘\@fé exefmm dolvent’t isalefined to

n|ted St at es d Iat
e oRgonis OpERTERdh SRR Y S B ROV SiEb Ao f Bptsgion Agency
to Hve @g@g«me%mnam&ﬂ r&d@avmamdqua awmdiﬂmariﬁ .ﬂledﬂmteh es*tates Code of
i's not |ntendeg descri be 15
Fedary] Gk atiens 5B G Arehitl O0(e) SUistys PROPEERCHTFEITE! ¢ he
| VAL iB8ve sURBndrl EMES viribus embodiments of the invention is not intended to

describe each illustrated embodiment or every implementation of the invention. The figures in

the detailed description that follow more particularly exemplify these embodiments.



30 the detail ed description that follow nore
particularly exenplify these enbodi nents. -3- BRI EF
DESCRI PTI ON OF THE DRAW NGS The i nvention may be nore
conpl etely understood in consideration of the
following detailed description of various enbodi nents
of the invention in connection with the acconpanying
drawi ngs, in which: 5 Figuré-1 is a schematic view of
a cl eaning sy i il_‘fﬁh%ﬁ‘f
representati vgﬁfﬁ%%m%%de. Fi gure _
2 Tige mvedanmsy be wicesveohplefly widemtioad) irs pensiderasion Ffgthe dollowing
1 representative of a ol vent .recovery_ .and. . -
detalgl GSHPGTo AL, VaEIoGt r rbpruens OF hBin i toRB i Slfestion, with the
accofnph B dawReQWewNichank of the cleaning systemof 0
Figure 1 in a start-u de. Figure IS a hemat i ¢ .
v BsT 2 FeewRts HAY S APBEE DO o e TBPeCp G B egeertaive

of a Q¥ r@frinsiib @& 1 in a continuous cleaning node.
Figure 5 1s a schematic view of a rinse tank

and ]
r Cigyier 3 is asrheartie fyieve 0B e Aepnanpstvatfmarof g'g‘ﬁrgr?r?sﬁntgﬁve of a

solvefnitheésveﬁf/%\%steadi Qla{ &fHger ecovery node. 5 Figure 6 is a
schematic view of a rinse tank and recovgg%/] tank o

f

.t hBigeledainiarsghemptic aiemodt a fsg tank and repqyesetaph of thegjpaging system of
. e 2 covery node. Figure 7 is a schenmatic
Flgu{/ehe%%gsk%gﬁ%?égeé tank and recovery tank of the cleaning

syEigern i 2 sEhegatie view of arinsitandt and egsfery tgek 96 theeaianing system of
. recovery.node., Fiqure.8 is a schematic view of a rinse
Flgu{egmgaacr?éngué)g%g}%wr%[rgﬁic. of the cleaning systemof O

Fi Bigue slisiarscienfatvividw of ®finseftankaad s@ioreny tank ob therofeaning system of
. mode. Figure 9 is an a schenqatic view of a rinse tank
Flgu‘é?n]dmr"’e‘g'é'\g/’é‘fpypflaéﬂ%mﬁfe"’?ﬂ?ﬂfygpggni ng system of Figure 1

| NFigudfel § iR sshetio fridehef Sfihséedik ané eaxdnieyy tanklef tei ajeaning system of
. 10 js a schematic view of a ri qse tank and recovery
Figueahie gpvecqnyestep|of sy ouy &o%F 81°%Fi gure 1 in a

I efighit-1 R-a08Kdndiik QTewBterinde tali dn@ rédi®rerynRlof @it dleaning system of
_anenabl e to various nodifications and alternative
Figufeok ine thisstep of thesolysnbrecpYern@Ode- peen shown by way of

S)é?%iﬂ*e% 1|sr£ dehiEnatik Vw8 ARG tiMk! dnd P& SAREF tanR @€ tHebleaning system of

] _ t shoul d be understood, however, that the
Figuient et fourth step efdhe sodvent recoveryyaodenventi on to t he

paf:ltghx%% flan a%%%&i%ofjﬁglfs% lt%g%f]? %céxﬂﬁy 28R bF BleXeieaning system

the® ntention 1s to cover i cati ons,
of Figopei lvialadifthsstep ofitiat salvemtrrecovery @wdeal [ i ng wit hin the

28. {glﬁtﬁ elg)nl(sj a 3HeRGE Irie\tNrb? aiMe% 8 r@éogﬁ'gi itzﬁﬁ%f@/c él@ﬁﬁ.ng system of

Figure 1 in a return-to-operation mode.

While the invention is amenable to various modifications and alternative forms, specifics
thereof have been shown by way of exampls in the drawings and will be described in detail. It
should be understood, however, that the intention is not to limit the invention to the particular
embodiments described. On the contrary, the intention is to cover all modifications, equivalents,
and alternatives falling within the spirit and scope of the irvention as defined by the appended

claims.

DETAILED DESCRIPTION OF THE DISCLOSURE
A bi-solvent cleaning system 100 of the disclosure is illustrated in Figures 1 and 2. The

bi-solvent cleaning system 100 is designed and adapted for cleaning of precision components
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O clains. DETAILED DESCRI PTI ON OF THE DI SCLOSURE A
bi - sol vent cl eaning system 100 of the disclosure is
illustrated in Figures 1 and 2. The bi-sol vent

cl eaning system 100 i s designed and adapted for

cl eani ng of precision conmponents -4- such as, for
exanpl e nedi cal devices, optical instrunents, wafers,
PC boards, hybrid circuits, -4disk drive conponents,

reci.si on chani cal .or el.ect.ronmechani cal n PRI
s S R A e, SR B Bt BRI i o,
disk ligivb icoripdnésis| predisiom neghapical crelécfiomecirpicklsempansitn @ ¢he like. In
integrated systemthat is self:-contai ned suc

h :
sora¢, peesently; prpfefrad %‘P‘&?Hﬁ@&%i%blrsg”f*%‘q‘ﬁ}ﬂné‘@ gsts@th\l@e%tr%rﬁlges a single

int&RMBONGNES Rt ik NeIFRbntEiAkY eith BheasisaBstayial RiBrcdmection is required
exanpl e, the bi-solvent cleaning system can

) e . .
betirigerh the gompOnEniS iof e -§plvent sleampg:pysteRin B FXAplR: e higolvent cleaning
sys_Y\%nfl RED b nuR@H SnhP YRR %kid SORARE RRY/ 0P Eorft ARGASH B Y singlé housing,

IlTustrated 1n Figurés 1 and 2, bi-solvent cleaning
cordgigereanca@parzant.conpri se a system housing 102, a
cl eaqi; ' , ri:nsi i .
A0MARRY i BBurtdF and 2! ﬁl%%f.vgﬁlogé%_lhﬁfg%ﬁ}sté‘g Q0@ Bsh @omprise a system

sol vent recovery portion 1 _ vari ous )
howstrgo Hite A ckeaiting pontiion § 04, sevmsinggpopiiern 1 Wnantigusolventespengry portion 108.

ort.ion 106 . v I ecov- oLt i: C
o St e RE RN SR BB S B Bl polEn 128 98 o solven
recSudl pbhiah 188 cai hgdperablynintareoeskcsddrwithio the systemibousing i @disuch that a

. shi pped .apd i nstal led. .eani ng. fon 104 generally
Smggn‘%ﬁ? 8§H'5°t‘gf3 8%@?%"5%% (ﬁ?%ppfgﬁng ﬁ?@%t sol vent 112 and
a Cleasing Hogioh Q04 gehepdllyl caipridet 4. cléanagtaunig] t0aa Kird b6lvewtri 12 and 2

conpri se an open tapk constr ed of 15 suitable
frq e reliah dordni L Lhssmmecass $fb e Sndsh PP el cqpgructed of
suihWE thdteRdls Bith)EBian] & Gleeld fanfAkin @ndwa} ektz stipblgtiks such as PEEK

materials, Ceaning tank 110 can fyrther col rlfe at I .
ang gHist sgeble metprialyn Cdeaning kil Fam HEMPLPOmRYIST3E 57Y FFEH trasomie

trafddGAR NG Bf PofDeing TRECIHAAAANBEsE. AMBHiYas6dtl $8&gy causes alternating
al ter nat :ﬂggmgﬁatter ns of l'ow and hi gh-pressure phases

patigrmsfiow Sressg Dlases vitpn thefirptpeiverkigs 5t lw-pressure phase,

PR ard AGHD CAY el fign DARE, tHebitbes implod
buﬁﬁ%ﬁsﬁfggéﬁ%é p‘gégg the buE%Fﬁgﬁg%gﬁggggfb V|oﬁentlyél?m? )
viokntly. Fhispesesseff creatieg :mqigmahdmg hpbldgs mgommyggfengl to as cavitation.
CaS R el & Bih& L}Isetsgruﬁﬁing g%)' Es@talo(ﬁg the $@Mb &tthé’ﬁrﬁcision components
Fesurte in an T nrense sc Blng process al ong e o
casinpfang @artitulbtestofheaemevedrfronothp park t Bhe bubbled erepterhduring cavitation are

.particul ates tqg.be renpved.from.t he parts X e .
mifdth s B A RO SPRE Rir bbb R RRE lebprodO8 B leaning as
coxﬁbiliqred thSérﬁﬁllré ehimeistonbr aEiARE Pletning ﬁmb_ese&l. tIo a pepeasiutetive embodiment,

enhanced cl eanin ared,.to si e | rsion or
ultgggenie, fransdicer d16, 13 Copst LULEERS Gop.SFaF ubAipes; frepsducer capable of
suppHARE henic cAdrgylat & AB@PleFreb ety Sitlebirech D8 Ktz dQ EMMHz. Ultrasonic

U trasoni c Cor eram ¢ enhanced }ran dycer c?ﬁ?b.

p.. ce | .
tragsyduces i piegn brobonded duerty do Brextponet the slepping gk with an adhesive
sudh'RIpSACY of between 28 KHz and 2.5 MHz. U trasonic

First recirculation loop 114 comprises a flow system wherein the first solvent 112 is
recirculated through a first filter system 118 to remove particulates introduced as the precision
components are cleaned. Filter system 118 can comprise one or more suitable filter
arrangements for removing these particulates, Filter system 118 make comprise prepackaged
filters including a filter media, for example polyether sulfone, Teflon®, PVDF, polyester, or

polypropylene, capable of removing particulates down to 0.03 microns in size. First



transducer 116 can be bonded directly to the exterior
of the cleaning tank 110 with an adhesive such as
epoxy. First recirculation |oop 114 conprises a flow
system wherein the first solvent 112 is 30

recircul ated through a first filter system 118 to
renove particul ates introduced as the precision
conmponents are cl eaned. FiltSer system 118 can conpri se

.one.or. no jtable filte rrangepents.for..re in
recirpylaian Ipg {14, ftherdemppprecile, HP i A BRI Path 150, Valve
119 ganejoapkisgarautdrhdtbdvavd sueh a forgxampld, havlensidivalvef ara hand-actuated

exanpl e_pol yet her, sul fon Teflon(r), .. PV ol yester
mang Vale: PR GUCERLSD BUBBHLUBT AP ML T HHEIbS At solvent
112 S9MEhitRe RrsPRItdF sGEtOA 18N FRétZ&irchialibh lodp 112640’ RirthértdoRiprise a first
| oop 114 further conprises a valve 119 and g fi

f t
heat egehiangey| L2i 19R cpriifyaly hoating the irst solyegh 1o mprit g refroduced to the

clea:ﬂﬁl% Rt B0, VRI¥EIS HehusBf HFr@ heak 8ihk@gerd1 B0 c@Afing tank 110 can be
valve, or a hand-actuated nanual valve. First

maintaegd & @ RIIBIRUp iemperaige pLhiet prangy lost dupughnipafngtion, convection and
: LoC e the first solvent 112 through the first
radl#llgﬂlifreﬁé%gt em 118. First recirculatiori loop 114 can,
f ulnt overprotonify prséered fombedimnty st selventih iR pax comyrise a suitable VOC

i nual . [ i kst e S.d b .i.S.:
ATV 8 {50 58O i B s s
soil, pswicuolbtes,ioils andgabseex Ebraaxgrople, | 831 sadvewtril@ gay have 4 kOi-batano! value

be i.nt ai ned._at cont i.nuous.t e r at ur.e
of g o101 58 " Biafl<C SRR nSCETER, {12ccBRp e soyboan-based
VOQ axknadt isolvents suck pisafoe txarhple, Bugrcletre $300 layailabkf fomealg Environmental

rroc R T L 508 Yo by R3S b b e 112

biodégdtadabRI a0+ Sorl- L ald6Hd \Gile a8 ant48 oo HisofbhasedSURRnAS that these types of
soil, particulates, oils and greases, For e

: . anpl e,
solveryis e ssnsrallyipexpansivedye fnihe readity pya mrepgp%emgf Furthermore,
no spOQMt arfdfdr dxPerRi@ di§UsASQMIpAehY an®BP AHLABA arel bdnttally required for
. solvent 112 conprises a soybean-based VOC _exg@t
dispasina efithe seyreased solvenr foripatapecvhagoihel levsls o50ls andien grptses reach a

mghgegeﬁtﬁgvéiwﬂhfﬁagﬁgﬁgémm DIOMCHSt MivERRNa.is 'HEme@XM%pﬁced with

1T ng point o '

C. Préferably, first solvent 11

freshj solgernt; gbaschtsblventn daw be riigpobriz b g Usaditigmal sepihads ayeh as, for
- solve I . i .

ol AL AF S8 daS LA o itk L1GSE AR Sl fn, cmpipin wit

heatiny aillimsilea bodérur e of soybeans. Furthernore, no speci al

ang/ or expensi.ye di sposal equi pnent an r meth

o oR iR SRPRCIo¥ esfers iy SotprBia AEE 5au A @ FERCHTv Rt 26 and
recod@y \eupt 128 Ohithﬁﬁpuﬁ sebbﬁiilsdliqlhfnﬂleﬂeh_ihs@ftaﬂd 34 amglimiude residual

reases. reac . hi nou wi thin cleanin
amofis o By roneRoL 1B, iptt s GHEe ik 74 28 3, LPreths e b sopponents.
RmsEVltéerd 1Q4gch@8$h1§rﬂdte\éﬁdrtﬁafr_1 fay lc&%&ﬁﬁetgﬁkf\tﬁélﬁﬁn&afﬁiﬁﬂar materials as first

Ji sposed using traditional nethods such as, for .
clearag & el00¢ ggmplarﬁuatﬁblwameisn%%tﬁ stajples, algel dangplum, titaniuen,
quarfzUs %oZﬁg&%Eiiu%gérﬁ PEEK Nand QRk RA{AEN n'htbials, N G8hdeN@n® 1104 can further

I nsi
comprise at least one ultrasonic transducer 116 for inducing cavitation within the rinse tank 124

to further assist the cleaning process.

Recovery loop 128 comprises a flow system wherein the second solvent 126, as well as
residual first solvent 112 is recirculated through a second filter system 130 fo remove
particulates from the rinse tank 124. Second filter system 130 can comprise one or more suitable

filter arrangements for removing these particulates. Recovery loop 128 further comprises a
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Rinsing portion 106 generally conprises a rinse tank
124, a second solvent 126 and a recovery |oop 128. In
addition to second solvent 126, rinse tank 124 can
include residual 5 anpbunts of first solvent 112
introduced to rinse tank 124 as a filmon the

preci sion conponents. Rinse tank 124 can conprise an
open tank constructed of the6sanme or sinlar materials

oL Shes BTS00 0B e S BB B AAR 53,y 151,

131Gy a3 ez 1314 cpokyimiprise Muntnard MERK sacttaspfonexamsple,tadvlemoid valve, or a
materials. Rinse tank 124 cgnfurth rise

co t,.
hard egtited syt Yoo epond EHEH G PYB 162 AE bR fgectively pump an
appPdpHatedlifud tMiobfh Mhé RovernS6op aPK bheedl on @ #odd i tdperation and the
assi st the cleaning process. Recqver

PRI of PO LGBl aForlal . AP BRIGT | B fepter comprise &

secoPheaPkcBblr B3 forf @olithufé sdcbhBdolvent 1V28nhd fhbZedidual first solvent 112.
recircul atéd through a second filter system 130 to

r enig\eze piseantly prferraenbodiment 8eoond sUvanh I cen #ompHiegyitable VOC
exeﬁp}t 8lvers Y BIveRt chhktdRAR ﬂ1§t_e%1‘gaﬂnt%teotﬁ1e NRhSvaP OF bAP!H8m left on the

I'ter "arrangenments for renovi hese parti cul ates. _
pregigion\cemporicobopy iz splventHd2. diomskimple, sgoond solyentr A6 ¢ap hgye a kari-

I , .
buthfl Ve i ab3deho updifue 1307088 OB SPesBRERRmbodiment, seognd solvent
12&cqmprisesmnieaginesredisnl ventituell as; fdrvexamplehNewse  Foginesregrpluéd HFE-7200

ol.enqj d,vakve, or han c t . . °
wvelgl8 AR LS Vo o B R e iRl 20 ARl of 61°C and &
wideuliguida renga B0 PI352C @o b1 WGuindkinhp rib ag kRxdelient rsebrentefoy vapwrplegreasing

28  based qn. a operation and.the 5 operati I .
soodicsie dr agaion HER7300 SRcr ol Rlsite Tap oLl EBBR waming
potdR 1, Caferd 1Al gre@iiBlideSEis miseiB ¢ it al VOXT hed getpptdad without
for cooling the second sol yvent 1%1? and .t he resi du§l i N
resticiians weydhe Unid Sielss JREIBRBEERL PPIsHeR cAgeggies Significant New
Ah@qggggpgg&nhsecond sol vent 126 can conprise a suitable

VOC exenpt solvent with solvent characterjstics tha
pr ofrlYeat fepeverepRstion 165 cap sgmprisen Teeqverygank R0, a proguery hegter 138, 2

ot i 1 |
congglﬁy\i}gtﬁﬂllz%yaﬁd E%asi%%ﬂcﬁmo. il%%m);eﬂf tafK 350 cén c§1§ﬁﬁ§édan open tank

can have a kari - ut anol val ue between
conglyenied dfthe sarad ousimiBOmaterials pe firss sleaning tagki1P@ and rinse tank 124, for

odi 5 s )
exeBERE B0 by PR i, Bl b (SR iEnd QuEEAIBBRRES such o
PEEBKEnd 20@r sidtablel radibriald, r Ravotdrg 18 136ripplnypicelly Stachehtol gnd separated
IWN. HFE: 7200 . has_ a.boil ingpoint of 6 l.de
Sro s ok Aadt #5 ey syeit Fo5 A8 b reboNep” Bl a6 4 Binge cank 124
shagsd sopihorfvaporidpdkiet THAQr easi ng  applications. In
addjtio HFE- 0 i,s .non-ozone depl et.in ha er
oo By el et Aoty Rleghing Fistedc do Sinbe configured
for GHRAHRAY S&nidR%oriitd 6f MAtual bferadn, 8 VeAdisndiol the afremwdtidned and
w_t hout restrictjons under the United States

deseriledy eoREREIEY. Birophvert: SIBHIMAGHRIETe Srdriy PRpEsah Fggision component
hanlih£§y3R M ¥ 8101A0E PFedHon Pt/ RIMednROMEMIhgRAK! 110nd @ 1ERAtank 124
conprise a recovery tank 136, a recovery heater 138, a
by placing the parts within a carrier or basket 143, This precision component handling system
can comprise a manual system wherein an operator simply places the precision component in the
correct tank or it may comprise an automated parts handling system for moving the basket 143
from the cleaning tank 110 to the rinse tank 124. In addition, bi-solvent cleaning system 100
may comprise suitable lights, buttons and switches for manual operation of the bi-solvent

cleaning system 100. Alternatively, bi-solvent cleaning system 100 can be capable of automated
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condensing coil 139 and a waste tank 140. Recovery
tank 136 can conprise an open tank 20 constructed of
the sane or simlar materials as first cleaning tank
100 and rinse tank 124, for exanple suitable materials
such as stainless steel, tantalum titanium quartz or
pol yners such as PEEK and other suitable materials.
Recovery t ank 136 is physicafiy attached to and

separ from se '
rsHBFLRL o ML i G S RS | G, o
mHORL, e‘?ra’graﬁmﬁmlelLugpﬁbnttdlhn({mC)MdIﬂieme Waen fully

ar?e RIS W%Q%#Oﬂﬁﬁ&égﬁ e$l osrongﬂf gl veg dsy&étg%rbb g% Pﬁ%;ctoﬁ?ned within
the g%sé@iﬁgg?ér;gﬁ Eg:fj aéélgpﬁs fon eﬁddp]é i 20 pablimetitdiehafsmgetvepreicone dleasing,

nents, sol vent cI
sesp g R Eh i SES BBV BC bHSG A ER ALY gt ot 112,
the S8-51EBIVER 128Dk RbcRlof bmb&iEnRRas béclbiedvesiar d]&:t:d:dahﬁuwen gource.
tank 110 and the rinse tank, 124 by]SO%I aci ngp% parts modes,
wi tihripg gperation. dhe BirsoygatcdeaningasysieR WOsRR oF co
ﬁISlCﬁ)l fhhadethkiNghemYish WReROpredbior Q&’ﬁﬁdn‘éﬁts amﬁa?feﬂﬁﬂ and rinsed as
yst em wherei n an operator sinmply places the i Si on

lnuwnagom Eisurg h andthe seendaneder mprising prmitep % for goparating the
ﬁrs%%x%ﬁ?ﬂg%n@%é S cHRJ‘EHlIéBQﬁi&Il%%& B refRaNEhd! fifte rI@iaﬁasgiosal of the

eanln t an tothe rinse tank 1
first poleedtlili2 end rédlarsasion eqftth@ [second wglvggtﬁ?énfol(yg;se mzjlyun the bi-solvent

conmpri se t
o TR0 A P e R cn o
condfdfient A06 eridsdicoweel gomisinestol %&mngltmﬁtshgméﬁy andepacomhmedsy specific

be ca I f au e r as, for
rorgSoar e GyRRueh STOCHer 814 Hng T Pl sy o
m cr oprocessor, personal conputer, Programmabl e Logic
Conroller (PLC) and the like. In a preferred
No , the bi-solvent cleaning system 100 is

f ul A/inGental inetgks )i Nand Aeopeetibe 6T hmtmsosugerrmaanmg Gpstern 100 is
as, for exanple a cabi net | zed hOUSI n rese q
ltheéE;g,cg@mengn&égcpﬁ@gq@ e e %f (,lﬁ -sglven cleamng system to

ac Flﬂﬂze&ehﬁ&ij opt iRl pRarkSs, WAGsh @Bﬁrﬂngsﬁﬁﬁbﬂ 108 efifst Eddtent 112 is
solvent 112," the second sol vent 126 e precisi

purcpsdtispeght the tiest iecitshlatiaelaommbé aeh dhab drst hest X chopssr 122 can add heat
enei@q{) G f%t%weﬂghe P& 2bhRBuentlY; %éaf fh§ @ieﬂxﬁﬁ‘é tz61k 820 MBiring operation,

0 can run 1 none” of des, first node
cledwmgrtgph‘ 010 inorainthinehs maenw:nllmmws@ntptp@pmwuébﬁw%@@ple about

70°?7Lt§r écgcfae nedsdndy Wi ﬁg gnc%f’stoddl I#dﬁercﬁ'tsﬁﬂ th The A HEaP ?l&nﬁ&qank 110

nd-node” conp tep process
andsfaptaeqichiagon ep Jl(l4fcan mblué@ ‘sunabtc sértsBrspmeterstaad sdasms shich that proper

I t 126 foll d I d
o o0 Pt BB o5 SRR P timains
durﬁ@(‘e[eaﬁn§ol vent 126 for reuse within the bi-solvent

e oot e sy b fobtenb Heate fiat 409 RafrSich ple 124 and

rec t@ﬂ@' 13@6&h&foﬁtaﬁ%§lﬁﬂ%lveﬁt0&60hs riiliigrated én Flgnsd 3.nBe@very heater
second speci fic

t
1347 gelbiaied 30 b UoheeBHTEPHAR 134 Pt RS PoLBR DR solvent 126, or

61°C in the case of HFE-7200. At the same time, condensing coil 139 is operated at about 5°C
such that the vapor blanket 144 comprising vapors of second solvent 126 is formed directly

above the rinse tank 124 and the recovery tank 136. The condensing coil 139 causes the vapors
of the second solvent 126 to condense such that a pure distillate of second solvent 126

continually flows down the walls and into rinse tank 124. As the pure distillate of second



15 Norrmal Operation As illustrated in Figures 1, 3 and
4, operation of the bi-solvent cleaning system 100 is
initiated by commencing recirculation and heati ng
portions of the bi-solvent cleaning systemto achieve
the desired operational paraneter. Wthin cleaning
portion 104, first solvent 112 is 20 punped through
the first reC|rcuIat|onI(xxﬁ114 such that first heat

solvédX EDQABRE inkd theGiile REE llﬁaﬁlf 1v etff@éc&nﬁ bl¥End fZB%M}m thlg rinse tank

sol vent 112 and consequent e cleanin
124 rispy untth jf feaghes fhedevel @ﬁfhe ouﬂrﬁ@hwnlg l¢2mhertiOsetand so]vent 126 cascades

h
o 2425 LSk DARERLY AR il FRS LU bt e
13 1bbé3 lgrate plgsqgl@gol‘b@amweormfre&tuulahon purbh @3 pimpshthd cantedarvfngnse tank
124 ﬁﬁﬂ?léb sect?rﬁchl{ek Efs&e ) ?% {oc hea o (\)rg E’E% %#ﬂ%ﬁgﬁ%%e tank

Sul e Sensors, ers
124. 7Bhroughpbe aoniinesd a(fdltmn cvfahaﬁlate mcaﬁds woleentand and ’ﬂﬁfaddmon of pump
i nt ai ned

bl t d d
enord} 1R R AR DD 3B P orlhRrat 0 i gk T2 i o 51°C.
cl Iaanmngamamagaﬂd)ﬁnm@maad RNllustrbted & Figlde 1188 paflion component
s I“’fﬂ% pé iank %ﬁ& %CP contain second solvent 126 as
PACPE Y Foe gulle foz exgmaple i placing e precisign congponent in basket
143, Bukkerat ek iuﬁmagad with® the GRY &dlVent PIKsulR that Gnyf ﬁlﬁuﬁ Rhd fnﬁ.gter soil,
e cas

i poi nt of, e second solvent 126, or 30 61C7in t
ois, Gfeagg-alg AYtEr SRmiAPH@AS 581 hensmotesh e they peesision Sompmaent and

suspeﬁ@@F alidech @ﬁe ahoublveft 181Chal |B§stkett hes \{aggo%o&%@féﬁtg% #hé *precision

npr.i si ng vapors of second sol vent
°°m9811% df |sybmerpwl withinethe| firstesalesnk 1 12 mluasonichizansdcer &6y can induce

cav1tatti%H KyitkP the-lﬁig sSRl@f?teﬂé' t?%%l‘ﬁ%broﬁl%? e lﬂéﬁc?va% hf %og%g.rrx N ts. from the

of the second sol vent condense  suc
precisignseanmionent. G¥hendoget 1 $bisweett as b2 of emattomatad handfihgytern, basket

143 ¢ W@ cfxﬂﬁ}u\éﬁ)li F&gg@%ﬁn érgngxppd Ay a@r TE%-%? Flgé\"élawﬁ? 6&? g%guer assist in
remo‘rmm yentaamh@nfﬂ&pmt He pexilonofongeaaind Fast eslvenl 262WMst BbBtinually

e N TR -

1ntrodu%idm:ths preblsi”on cbrhpoﬂeﬁfs&m by rebndidd f3h thd v d%ﬁreﬁlolrlmlsmg the first
val ves 13 la, 131c are opened while val vesS

(g0,
ﬁlter% '$31d are closed such that second recircul ation

plAlﬂqer tha PrevisigscohlpOn&® NaEheh cRhnelliof ?ﬁrtitcﬁ'lrd{%s % the %Ieargng tank 110,
rough the second filter system 130 to [ter an

the PrFiER EOTHRRP Ll SREAIPERCS Ty hee ok Hdeisingreskel 343, When placed in

the ridéy em@hiddentanihaked I e
) rlsoI vent 126 andﬁ?he agglc{?él %ﬁr&oﬁfe%ﬂrlr? é&:@g?fﬁf&&% precision

compgnept. r £he stPethsgivemb 126 Zinseshanytremaipingtparticubptes rand siéssqlmesk the first
Ivent 442 15QHE I i.ng and

SO rinsin R é&gsé&?fyﬁlg’?lré%t elgﬁgl n %%%?‘ebelﬁaﬁ%g “?3‘%‘5%%"% |“6:Hhm the

rinse tagheh ugh| the peaefoulirasonis ttdnsiucére ané ::gmdtcemmaﬁhm fwithin the

. e Y. p onent
e SO A DR P T P B St
manner 1@ fusthehpiotrate tants}mmmnt remdvalt mmimietpeécasn&ﬁbdmponent After cleaning,

the basket 143 is removed from the rinse tank 124 wherein the vapor blanket 144 dries the

precision component such that it includes no film or residue. The precision component is then

prepared for further processing or use.
Within the rinse tank 124, the level of the second solvent 126 remains at a steady-state
level such that there is constant overflow over the overflow weir 142 and into recovery tank 136.

As precision components are rinsed in the rinse tank 124, the second solvent 126 is coratinually
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oils, grease and other contam nants can be renoved
fromthe precision conponent and suspended within the
first solvent 112. As basket 143 and, consequently,
the precision conponent is subnmerged within the first
sol vent 112, ultrasonic transducer 116 can induce
cavitation wwthin the first solvent 112 to further
pronote the renoval of contag nants fromthe

preci si on conponent . basket is used as,
conBpinairoci GG AP i 1y SO WAkl ell 2 gof g Lontaminants
pres&ﬁrbtn' the BlekiioR S6tbbRhE AL Buch/the!Preiilow it déoovery tank 136 introduces a
i de-to-si de manner to _further, assi

solvglgmugmrm Kfrof firstgplventel 19y seeqnd ,sglﬁergdﬁ% 85% Ay ot'g_?r cg?tagunants into the

reco?éijry\fﬁﬂct 135%¢ 1llu§tr§t9@ td Flgakuy AshBEifsCadlvine 012 18 rsaetgm tohave a higher
recircul ati on oop 14 wherei n an

boilipgpint.yireferebly mushhéghes élwnlﬂv seqoad ﬁ?‘%ﬂté? Breocs ﬁﬁglﬂ B 126 conctinues
to b? %Qﬂ\{ﬁe t? Sﬂﬂg @Qv&ﬁ%ﬁ?@ gfd \XrlfiEh, S0ErUEHE, chdss theiaffduhh6Y first solvent
er system

Arter the precision
112¢0 amnmlate hmlsn@‘em vmﬂmaﬁsdetm'erp danki 136} dvestuplly, l‘kf?e“oncentmtlon of

sSR0SI gy i o

the éﬂh&m mli:amed% i3 catsee to inaseset mmﬂmeam apwmﬂsseﬁmﬂon of the
! h’é 545%1?' vent 112 can remain on the precision

SD"E’i’JtrfBlé it 70 SFRUNSIEERE €0l vent 126 rinses any renai ning
particul ates and dissolves the first solvent 112 from
the prECISqu co onent This rinsing can be further

Sepg b JPCRORe  rjnse tank 124 t hrough t he use

Of Aulsbrve;&oﬂllsﬁos&lr ans derty hd&k For thet bosbeat chuiihgtdystam 100 is
within the Tinse tank 124. |n_addition, Egaske

illugtrated e Figyes Liand ad 0 AsdlustipiediBvfiewn 47 ntingerpaies e bi-solvent

cleaﬁﬁgrkfﬁteﬁlq 0b YhdnRe 1REO LS csR@itRtbmaNtirst SiFenal 1% wﬂhﬁntﬂmrecovery
ci sion conponent. After cleaning, , the ba £ th
tanl{ 136 esnebuemiart ynopRepiRBer FYE & evIAROSEL0Y HihiKEes? lfl 'Flsfbﬁpomt of the

SOIVQ{‘I@IH ﬁfr ét%lsugﬁ b.??crrtéiﬁm l@rﬁ%c?éa%‘omm%ﬁ{&e Vephratitioéf the solvent

I nC es no mor residue. The preC|S|on

mlxumﬂm Gn¢ludisg adyatissolyed pentaringnts) is aacerplishsd By eadlingghg femperature
W, t_hi t t

of LE% Solvent mixture P&l‘%kﬁghrréa ?é%é/ %é‘mk 1@2 g%?/ﬁg% gl%iél tﬁtﬂgcvg distinct liquid

leveitiafe fofmdd, Mfestesoh&nt:pmmmeS conaprisingwfinsty salvenh d12 (inelpdipg any soil

BBRRRENPE Sisond PR P oo oY Torbising pipg RER 8. minst solven

porS@L Qﬂsi £ma| 3s60id $c1Gerit Spoetiunt 150uatel yenethllycvistatlyi distingiishable to the
di,ssol ved anounts of first solvent 112 as well as any
wnagigiEh e¥eont ani nants  present on the precision

C ONIRAL Wwithidhé kHébver?' qugﬁifsfalc@mﬂli@h@i yemenbey off tlmniecovery heater
136 i ntroduces a vent xture ﬁ t sol v,

fofi
138 aming eBUHeIcTBFHRER CoLk 580 85t ith ARGE RERK P SHIARETH 4 Tecvoulaing
theh&&lﬁwtl re?&ﬁ@sttﬁﬁﬁ/lﬁ@ﬂm‘ou e cobérl Ustp' @B o Eémfgww 131b, 131d

sol vent is selected to have a

whik @mmg BiltssilBland3 osush thaprbefhama i57s bererafedhyfhe pecopd gyt exchanger

L Ngs e t Vet béilMdEsEs of solvent
134 R%ﬁﬁb%?}lén%ﬂléfrg 14&%?;%15 z%wgﬁﬁﬁgnﬁtxlt@?rlg %%g%wﬁhl clh 0% SoveR

rmxmn'e 46 suph that pure alistillate of theserond solyent 426 sepscopgdensing ‘at the condenser
coil 139 and no longer fills rinse tank 124 such the level of second solvent 126 within th.e rinse

tank 124 drops to the level of the overflow weir 142 and no longer cascaded into the recovery
tank 136 as illustrated in Figures 4, 5 and 6. It will be understood by one of skill in the art that
ringe tank 124, recovery tank 136 and recovery loop 128 can include suitable sensors, meters and

alarms such that proper temperatures, flow rates, pressures and other process variables can be
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112 to accunul ate and increase within the recovery
tank 136. Eventually, the concentration of first
solvent 112 within the recovery tank 136 increases to
the point wherein the boiling point of the solvent

m xture 146 is caused to increase, eventually reaching
a poi nt where separation of the 10 solvent m xture
146 becones necessary. SeparHki on and D sposa

mﬁ?‘e an &%Pé&rfég%ent des osal d géc%%?npr%x%i(r {ag?cg)glédotro §da@ solvent

mixtire OM6ER sépamed Indd ﬂrASsolN'th$bi‘tﬁhem8l adFsegomde sdllyent portion 150 as
cont i nued operatl on of the bi-solvent 15 cleaning
illustgjad IBAEERY-event ual | eads to the concentration of

f '(‘_')ﬁ'ée 80 Fide RbIvdrlZ pdvibh 1128 tah@ sbRaeeelventtpariond 360 have been formed,
reach |ng an unacceptable | evel as ev

valvasriA baidc pie PRI AEbH e 4714 #E cloge e i Aseen golvent 126

withihAhsS Y5R 123 cah Ve B P&i fato 812 debVeBABAk Q86 k6th it a6t of second
epar ation of the solve

nt mxture 146 (i ncl udi P% r]%eé]
solvet pestipw &3 inenetsari ristheesynd solvesbporieR H\%’&“ﬁ?ﬁ%d%? 5qlpot portion
Whe fikd? sbiRent portion 148,
s SERBGPY 5L O AR ol My Nt e e
com}ﬁmﬂgeﬁst solweng 112 pedi any sbil reontagunafient oyseflasohita Fgste fank 140 as
R0 RGP oL S idak 136 LIRS, S0t ot 154 posons
with eeup‘acmts thage&eag'ndvaﬂbwe\mU 19%6suchithies tan Spéretentan piewtthe Arst solvent

ol vent por LhoD 1 r |
portlw iﬂgﬁﬁ N OYfE ?qu gﬁ%\ﬁr}ém{% we%'u nsgs g;sg.ﬁcp%(/a df%econd solvent 126
withinQBd fe0gvery talilt 1BE ﬁlﬁ:rﬁﬁex;)ﬂfersycdnﬂ rsklvéxﬁ@ottmn&ﬁ& e‘mmltuaﬂh @pproaches the

by turning off_the re t ur ni.n

tevelgiht FGotSOn QUFGRP BB | 5486 AR IuF EEsor Abih RO £ ggporty of

first §6W ¢ PSESn MSIhdsCBédnCditedicl it viddR thikoLd0custi thhi, the valves 131a, 131,
recovery tank 136 through the recovery ‘L 128. s

131csd i3he 216 plaped inte pogition Jarporpal gneratiop ap %B \;gpvg.glgfglfponen can

assufe n@aﬁﬁﬁ Ea%bnt ﬁé%ustzﬁ‘illﬁdtﬂtéﬁqn ‘P@@u@ €0. C@L%ﬁdtl&&(y,tdWrﬂow of the first

second t exchanger t he sol vent m Xxt
solvent ppision $48cesnde sptiempted irwshdnseisfion g4 suable eptt fesgqr snch as, for

exangpg%\é?}%s Oe?]\e/ 8 n{:ﬁﬁm?srédtg vty &i5@dguRH bBtvites tel draisBlveht fofon 148 and

st ops “condensing at the condenser
the s8@nd @plvent Bortiam d SRo Ionger fills rinse tank 124 such

tlgﬁo l ?&éces ﬁﬁ%p? %f’%ﬁ zl?é Béfesgtvﬁﬂ%gve rn%llgﬁerﬁ ho, rli i@%@t néc@srékry that all

w welr 142 and no
of the cﬁngeblvms t2aberemovel fréme theereonmerytank A3tkout Eﬁlyatbat the boiling point of

e S RS v A e i P secopd v 25

The 52s4 isolfarﬁﬁ QYR (m%?ﬂiﬂg dnyadissolved pm\zﬂmﬁz hmbclpmnﬂaﬁﬂnams) I:mthm waste tank
i ncl ude sui e sensors, neters and al ar S

140 BERCH3ER 54 BRI S SRoRr PR 25 BPQRTivG IRIeTAHD fap Sotvnt 112

is a WCT @2¢mp Y@éllvéi@'s%ﬁ:h(lﬂﬁt ib8arr B8 inciiefhitddosreed Agl a Ifa¢l nitraamn a@orce.  As
dur | ntgeocl eaning, As ther ec ver t ank |$]Hcool ed, t

desciled, o owitent fl e YR 100 e e ceeariay; opppically advantageous

whel%othé’ Gt g Jﬂtﬂé]slé@ld%ﬂfeﬁﬁm pPéhtey @hdn tROTi BFicel&Otha Frst solvent
112 [ustrated in Figure 7.

It is understood that this invention is not intended to be unduly limited by the illustrative
embodiments and examples set forth herein and that such examples and embodiments are

presented by way of example only.



Once the first solvent portion 148 and second sol vent
portions 150 have been fornmed, 5 valves 131b, 13lc
are opened while valves 131 a, 131d are cl osed such
that second solvent 126 wthin rinse tank 124 can be
punped into the recovery tank 136 such that anmount of
second solvent portion 150 increases. As second

sol vent portion 150 increasds, the first sol vent
portion 148 rises until 'fi£§$ches a recovery
overflow weir 152 wherei irst solvent portion
148, conprising first solvent 112 and any soi

cont ami nat i .overflows into raste tank 140 as 3

Lo 4 et Qf‘e’&?ﬁaﬂmﬁla@{ﬁ%‘m@ coBpeREt SR\ Eecovery tank 136

conpr i $RaniAg ¥ipPatisith @@ipbnebdBy Positidriing el presisidn doespaent within a
to the recove overflow weir 152 such tha

I
o FAfEn tanko Ll wiEh (7St FOINGRt 1651 FHEATIRE FRALERIBATA frorgthp precision
OV@hiphe the recovery overflow weir 152. As the IeveI
of second solvent 126 within the recover

ly \;@% L3 d solvent
i ncr eagiaging tthe Pﬁ@@tﬂﬂdcwmtmﬁoflﬁ% sted l?aISP‘S?n solven
SinineS¥EdunRl oft A€ HrQCAVRMY 0P VIR bledMiole icbmponent are
1%21562@&???5{3,'?rat d H%mgéoure 9. At thlos po?nt a P
naeopvadypydhe Scond solvesigr sp @5 to form 2 aglven gl and
di rect ' S RfonValdVes d solvent
131a, %%’fk)ﬂng t@%%ﬁm& %%%gtroey (ﬁFSt téglgsnﬁ P n05| ti oﬁcon soven
f oportivar ined reqoeerattarﬂnbﬁmblmgdhe enlaentl rnlgtm:@ ﬁmhn@m ghe digst solvent
assurrotée] rg% es Al“ttg‘? ﬂg Ll onndséogs%/elxéi? oﬁl %ﬂfﬁsrt @{nﬁgnt tp%mon and second
S(HO‘Y\&ﬁltpoﬁﬁh’d bedip didGillg amttmlsaumle wtaa undskisted gy, and wherein the first
|ns Iatlon o% a SUI% tlcal ensor such as, for
tPortipn Ay SI%%’G 3 Yo' W sual 1y di stingui sh
betvveen the first sol vent portl on 148 and O the
second sol vent porill on 150. r suc ?ful

2. o Tharaetb of AV s VEPBR TG, B G5 0P pitiod R thedecovery tank
compHREEFTYiNG SMnt AlittureGfond € rihéed ik 5@ theRdcodérd m such that the first

renoved fromthe recovery tank 136 byt onIy that the
solvanbporierrepakien & respvery Wsir aasl Qusrilows ito dspespbtagk. r educed
so as to approach the boiling point of the second

solvent 126. The first solvent 112 (i ncl udi %&% . )
3. di Beohethefl pheluint 2! whersin ayapingaf g srivensmixipme g figse tank is
DUERARFEiQr di sposed
comg@ol e&wﬁen]tﬁ?g&r@ﬁ%%&%w&@ﬁ%éﬁa%fs |ﬂﬁe§te sofvent 112 is a
VOC exenpt sol vent such that it can be incinerated or
d a f t mso As described, the
4. %e&%%%toycfaér&?i#@ggﬁ? 00 can be especial ly
econom@@bémgaﬂhaﬁtsagemspombremeh&dllqaosalrtatnkpr| ce of the
second solvent 126 is greater than the unit price of
the first solvent 112. 10 It is understood that this
5. | NYRdvhétBed biSclifl 1, iwHepit@garhiingd e umedt yhiture icegin®dy nedessary when
illustrative enbodi nments and exa s set, f.or élh.. oint of the
the o Foimipd thin 301VeE B URE- L Eoa Y GRS GaF SRR (2 Gpiling point o
secoldd 5tRRi Bt lastaycof exanple only. -11- CLAIMS

6. The method of claim 1, wherein cleaning the precision component includes inducing

cavitation within the first solvent.

7. The method of claim 1, wherein cleaning the precision component includes oscillating

the precision component within the first solvent.
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1. A nethod for cleaning a precision conponent
conprising: cleaning a precision conponent by
positioning the precision component within a cleaning
tank filled with a first solvent for renoving

contam nants fromthe precision conponent; i rinsing
the precision conponent in arinse tank filled with a
second solvent i wherein ai$-remaining amounts of the
first s

Iven on the preci.si.on..co t : i
¢ iR IS ThEREEdo HACER VRte FeopPanay colbfuen! inqudes inducinig
cav1ﬁt1§19$viﬂ@ﬂie sBivshiuhigturé@nd 3 separating the sol vent
m xture into a first solvent portion and a second
solvent portion in a recovery tank by cooling the

9. SOMERLhBH bk Blafin 3 wHerdif &hsih$ efprécidionscoiipendnt iymdudes ostillating the
resides on top of the second sol vent portion, said

precisiqnepmpeneps ii ¢ SOV SR cond 1 sol vent portion
bei ng visually distinguishable by an unassisted eye,
and wherein the first 2 solvent portion &&g be . . N
10. r edobiewenb ieaning sk &ry remoNine qontamingnis hBfgeigipn componerals
1, wherein renDV|ng the first solvent portion
com@b%ﬁ?lhe recovery tank conpri ses punplng solvent

m xt ur ea éleaning pastion hﬂsmgta&mninﬁﬁ@ktfﬁéOidé@ﬁﬁ/ Fsf sqlyamk
such that. the pfohg)% ) Saolllﬂs%nttrmlp?d'rtﬂgﬂfhg & %Eﬂﬁa s@lvent the secorid

recover § "ReP overfl ows I sposal tank
Theoluait hovingt sedoad rolnt Whhngpmnp:u d@sﬁ@ouj:flOf’ﬁé)eg:m gl;lg ﬁ(st solverit,

f t
S egly%rag@g{sgg\?ﬁ{lt 5P v?n%%n%gﬁs} $1§ nt %e é g% g@ieé;&)}‘?dv?\le %opﬁ)onent from
4. ehgedmiightadic ohe i ml@ﬁfrthlet hﬁmduxgrmcqndensgig ¢oil above the secomnd

di sposi ng of the first solvent portion in the di sposa
t affl’en; 34 The net hod of claim 1, wherein separati ng

the sol uemeﬂﬂrefdouérﬁ pBE6O IS EReSRA tinkoe holdigrdwelvent mixture of
b0|I|ng poi nt of t

e sol vent xture t he recover
ithe fRcrodent anrbthe §pqond splysibripe BQCOY%EI% SIS ‘ggm“ the rinse tamik
So'b}/y%ﬁtov*ei’ﬂcﬁ& wedgle rdQGeryliafle fikhiRr MRLARGE Dhedt!sdimde tnd a cooling
whefein cleaning the precision conponent includes
i ndowthg 2 cavitation within the first solvent. 1 7.

The net had o e é]@At'Eb&me WagESh Qhaﬁéaes%surﬂgowaﬁt RpRE biaheh sbove the

conponent I NC es oscillati ng he reC| SI on
compsnéank wad thenrecoesry itankt Sl{f}blth@tn@ purelélshliate of Tfhe second solvent

g‘;:%go&gge{s Ci%lntg? 3 ]densl\Mr% ! ﬁ'aﬂd 'ﬂ'ogé B9 HeHms® [aﬁﬁ'sﬁélpﬁlat the level of the

udes cavitation with
Solsv@nd sotivert wises until H casd'etdes tmir tiechverflow! vedinand, mwﬂé? J@FWery tank,

rinsing eci sion.co e Bkreases ower
the  2° BREcibitg roRRRRE Ry ot i Ny Babrery Rk By
tlme causing a solvent mixture boiling point to exceed the second solvent boﬂmg point
by at least about 10°C such that the solvent mixture requires separation, and

wherein the cooling source cools the solvent mixture in the recovery tank to form

a first solvent portion and a second solvent portion that is each visually distinguishable to

an unassisted eye such that the first solvent portion is removed from the recovery tank.

11, The bi-solvent cleaning system of claim 10, wherein the solvent recovery portion
comprises 2 disposal tank separated from the recovery tank by a recovery overflow weir, the first

solvent portion flowing over the recovery overflow weir and into the disposal tank.
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1 10. A bi-solvent cleaning systemfor renoving

contami nants from precision conponents 2 conprising:

3 a cleaning portion having a cleaning tank for

hol ding a first solvent; 4 a rinsing portion having a
rinse tank for holding a second solvent, the second 5 .
sol vent havi ng a second sol vent boiling point at |east
about 10C below the first seldent, 6 the second

0SS o e 1 5t T R B R stven

theEécB&Bso‘lv’Hﬁkcémﬁfrlsbﬁz[VO(ICébcbtdptrsglvanﬂDOndens| ng coil above
the second 8 solvent; and 9 a solvent recovery

portion having a recovery tank for holding a sol vent
13.M Xt riR-sOfventt Qednld@ shitérhitof SRiMETY, whe@irl the firecsivént comprises a soy
sol vent, the recovery tank separated fromthe rinse
basedsodient. 11 by an overflow weir, the recovery tank
further including a heat source and a cooling 12
source, 13 wherein the heat source creates a share

14.s e Chmcbi-solvertriieayiag cystash ahrleim 49 dyiher semprising p basket fahEansfemng
r h I istillate of
e BfiisA Bk RERAR ftord SRR GO Ml 2 enat ng
corl and flows into the rinse tank such that the |evel
5. RPN g Trine SO} o 5 Bl g bIcGARE B RoriREs ot las
onamsema trahelucey forendating cavitatoh witien thie figdt selabn,te nt in the
recovery tank increases over 18 tine causing a
sol vent m xture boiling point to exceed the second
16.S Ol TR Ibi-s6Ehti cl@nip@ kydtem df%1dim Hl; whereintthatiosettarkGmpriseh at least one
thaf the, sol yvent m xtyre reguires ara1 ion, and 20
ultgggosicdrapsduser fopEEAtiNg CAHRRL Ithe Sf’ﬁ'gg fit mixture
in the recovery tank to form 21 a fi rst sol vent
portion and a second solvent po t|on t i S, eac

17.vi SThel ypolvient slrsinesHEBPE! dgm B gion comprises &
clegtitfe rebift@latio9odd ﬁa%fnfsaoélé’ﬁﬁig g, 'aQIbamﬁg IFRMEP ¥ietla f:léﬂﬁﬁg heater, the

the recovery tank bi'- sol vent _cl eani n

clegnjng pmp tecgicalatingl the fifiarlient brugh die dpming @wewemove particulate
m J.Q'%e d %OVMW§§H&I% RIS fdst SRRkt ﬁﬁ&%%@ E'le&ﬁ@'ﬁeater to heat

ry y a re overy overflowweir,
theffirst selverB. sol vent portion flowi ng over the recovery
overflow weir and into the disposal tank. -13- 1 12.
The bi -sol vent cleaning systemof claim 10, wherein at
18.| ecHife birwheht tleaifig systens of vieim 18nwhergint e rinsipgrpprtion comprises a

. sol vent ¢ rises a VOC.exenmpt sol vent
ringfe. s RARORL RS FAGS s PO PUEpar oindag fliel e ginsing puunp
reciréul@ing 30 s6Evint @OMRE ihs@ph thexrinsingdillentoecmend peetidulatdmatter.
The bi-sol vent cleaning systemof claim 10, further
conprising a basket for transferring

19 The bi-solvent cleaning system of claim 18, wherein the rinsing recirculation loop is

B

fluidly connected to the recovery tank and wherein the rinsing pump pumps the solvent mixture
through the cooling source to separate the solvent mixture into the first solvent portion and the

second solvent portion.

20.  The bi-solvent cleaning system of claim 10, wherein the recovery tank comprises a
viewing window to allow an unassisted eye to view the first solvent portion as it is removed from

the recovery tank.



2 the precision conponents fromthe cleaning tank to
the rinse tank. 1 15. The bi-solvent cleaning system
of claim 10, wherein the cleaning tank conprises at

| east 2 one ultrasonic transducer for creating

cavitation within the first sg{vent 16. The

bi - sol vent cl eani ng system of "€l ai m 10, wherein the
rinse tank conprises at Ieﬁéqgg@: 2 ultrasonic
transducer for creating c wi thin the sol vent

n1xturg 1 17. The bi-solvent cleaning sgstenyof cl aim
10, whér Birsolvent clepningisigerpoll0i & oeaning ebpresisin components as
C{IRRRABYINIRE. I, Withadt 1R st QPR Ot IMLs 2
cleanlngu#lgter aﬁg a clggg ng #&g?egﬁkgﬁBhH%“R#HRmm%Emnga
pehwun&mm(@mﬂ% iarripsing goftion 06 s0d ¢ golvert ecoverh pbi’tmn 108 The bi-
v, réicul at mat t e

G108 Baibg blenl Rol SRR Rk o Bintor dpiiBi Bl i preciion

t mmmglhnts feging |acHnst Gtgvdneallemld 8 shaat soEeﬁthHGf iwhedein the first and

S 1, 18. Th oI en n n1of cl ai m
et il bovehs bk seBat e bictSeok Bbie RE Bl B SY R T T i vE Vo
I exsinpt sbiveito nhat cop ah @fftqiige Qs I'Prios aRGVPTNFLIVERE basel | 35tk while

filter 4 rlnS| 3 recirculating_the sol vent
nuPETRHEn Y@B‘dﬁﬁ fpr Pz&i‘t}gt T5EPVery and reusg,ofythfixsband second solvents.
particulate matter. 1 19 The bi-sol vent cl eaning
system of claim 18, wherein the rinsing recirculation
loop is 2 fluidly connected to the recovery tank and
wherein the rinsing punp punps the solvent mxture 3
t hrough the cooling source to separate the sol vent

m xture into the first solvent portion and the 4
second solvent portion. 1 20. The bi-sol vent cleaning
system of claim 10, wherein the recovery tank
conprises a 2 view ng windowto allow an unassi sted
eye to view the first solvent portion as it is renoved
from 3 the recovery tank. ABSTRACT A bi -sol vent

cl eani ng system 100 for cl eaning of precision
conponents as illustrated in Fig. 1, wthout the use
of VOC solvents. The cl eaning system conprising a

cl eaning portion 104, a rinsing portion 106 and a

sol vent recovery portion 108. The bi sol vent cl eaning
system provi des a two node operation for cleaning and
rinsing precision conponents using a first solvent
112 and a second solvent 126, wherein the first and
second sol vents are separable and recoverable. The
first and second sol vents can be VOC exenpt solvents

. that are as effective as prior art VOC sol vent based

systens while subsequently allow ng for separation,
recovery and reuse of the first and second sol vents.



