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METHOD, APPARATUS, AND SYSTEM FOR BI - SOLVENT BASED

CLEANI NG OF PRECI SI ON COVPONENTS PRI ORI TY CLAI M The
w@e@sen33appl i cation clainms priority to U S,  PCT/US2005/039405

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

29, 2004, and entitled, "MET ,  APPARATUS, AND SYSTEM

FOR NONVOC BASED CLEANI NG OF PRECI SI ON COVPONENTS, "

Whi ¢ I FHBHEAPPARICTOS! ANBAS PITER PORIBE-SGLVENT BASED
extent not inconsistent with the present discl osure.

FI ELD OF THE OLEANIBUROF RRESISEQN: COMBANENTS e| at es
generally to a sol vent Pﬁ@ ﬂ%% iﬂg,g system f or

preci sion cl eani ng of pm‘tisg}ﬂ—pm%t—rcul ar, the

| NTeBbiQent flpitfnt Qaigndpricil veuLS.dhreaiiongl Aysliennh d¥o. 60/623,847,
precision parts utilizing a solvent recla

tion
fledpeiebes2¥. Wadebomwiistal MESH QRN AL §ARAET §oAND SYSTEM FOR NON-
vol é%%%?é‘ﬂ%ﬁ IN&%F%&%S%@KECWW@QS?L GANNNY 1h&RA incorporated by
drying systens typically utilize a wde variety of
refereh@atoi thg estehtiiot orensistehtuditinthepassemubsdaduvent s,
detergents, or other aqueous m xtures. These systens
operate to clean and dry various devices or parts such
as nedi cal devices, paath e THRDRoFREWaf ers, PC
boards, hybrid circuits, di sk drive conponents, .
pr &bk preentipgbraivncelator geakrty torsoheni based starpmgesism for precision

o b5kt et heh Bk BRSPS TR sl ssem or s
part RPN Solv M-S 1 Bh &1 A [(188sS tCRAINCAlefall ddenh @iehanggh

vapor pressures such that VOCs can easily form vapors

at anbi ent tenperatures and pressure. Wile VOCs can

be successful i IS i he use

and di sposal ofig%gggggﬁgggﬁbﬁéﬁﬂfﬂl 9 to

COPe&Yidisn regaigd ael RavinEusysems typivatint allizznd Wigat veriety of cleaning

effects resulting fromexposure and/or di scharge of
soluiQIEs INCBIGMRYIQR SHEe, SESLERERE nobisy agycays pixhues. These systems

esent i nvepti ' i | LN 1 s
oo SRR BVER B 058! S BTyl P LA Gical st
wafd¥k,e BSi boardg@Mbohedt sirsvis| edisit | diiwd ngnepamehtsentrecision mechanical or
recl amati on process to reduce sol vent di scharge while
elec?@@é@@ﬂi%c%%ﬂ’%ﬁftsso’%‘g‘ig hﬁ%use and/ or di sposal. The

Pr &340t %ﬁ&y £051 80 € ARG RE SordoRients QJ]&\’S@fﬂeddﬁ%SV@@’J 6f Volatile Organic

cl eanrrng precision conponents using two solvents to ’
Conpennde  ¥0I0’s arechrgarhie chaoictlathatdnrshigh veper pressures such that VOC’s can

ey e SRR Y et 561 DS P8 PS8R con be sucoessi n

preciéids BXEMRE sSQtHEMe WMGHAI dsobfl N FDE%CRTHea b0y Wehlaged due to concerns
generally afe as effective as VOC solvents. An )

regacting nimoful rodevorptilsed hehibaffeaty resybting fromoexnesip gReE discharge of

VO&\Jst hin a first VOC exenpt solvent to renpbve any soil,

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 VOC-exempt solvent wherein

the VOC-exempt solvents generally are as effective as VOC solvents. An operation mode
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particul ate matter, grease or other contam nant from
the precision conponent followed by rinsing of the
w@e@eisi3en conponent within a second tank contBCTUSZPOR039405

second VOC exenpt solvent to renove any filmleft on
the precision conponent by the first VOC exenpt
sol vent. During the operation node, the cl eaning and

comprise8 BlcRing h§REci Sc QRS hea OWRNiInSEfirsDErdentpt sbleent to remove any soil,
preci sion conmponent to oscillation and ultrasonically

particulafd uwetdere Aarpasat Jropthel coRtAMENREt digRT &% BReRHgn <orpapgntfgllowed by

.. further assist i | eani ri nsi : I

s 30T L0100 PR QLB YOC e

solver® X6 itho GO hive film 16femnvtie pacighar tonoforteheby iths ifingy @@ pxempt solvent.
_fromthe second VOC exenpt solvent. In one . biecting th

During st eR@Ation iRsce FSoRlFHRM and FBSTECHIFRF GACSesheppspprise subjecting the
i@l v i ensd v e ihiiiel cavitation within the

LR, 8, AP AL gt cov

correspaidiggisoiventr e further dssasidwitle cleanima canfdorinsingis eA whilvicat fagevery mode

first VOC exenpt vent, as well as .any co m.nant
compriget ARG 1 FEY VGO SERBHEETERT vng e p RO PO RN Sep. from the
second !\5@?5% t- solvbnB OB &1RP hﬁ)‘iﬁ@ééﬁt@ﬁ‘bé/ enBoBRAkHIE tHeS secbi® VOC-exempt

di scl osure describes a nethod for cleaning precision

solvert @ap dreembss wiptehsive Biansbe st VO ety selene fydhaihpinge gecond VOC

sol vent. recl amgti on syst In. s '
oG AR S B b PR LGP LN sotvent. a wel
as any<doR&MiAENtS %atheMh GirstOf @ark Bapodehs ican be pryperigisposed of.

whil e providing for recovery and/or dispos

: ! %%:of tW? X
sbi vemesrepresenidis eraprdinsnatheySsEABEE| drerRles § Feet od for cleaning
. di scl osure descri.b I ' . T TARITH TN tem.
o R T
C I aBinROreptespiitaties iepibodianges) et slisvdsara deseribeb veehi-solvent cleaning
cl eani ng system having a soj vent recogfr S steqb h&. L of t
systers dprecledipRe PEILERT VI RIASBH %ﬁovldﬁég TJEFQSy gnd/or disposal of tWo
solvedgscribes a nmethod for disposing of a first VOC exenpt
sol vent and recovering a second VOC exenpt solvent
Wit lsomebiesaenatite chdadimentsytht edisclggire stedcrityes oughegning apparatus
the present. disclosure, the term"V enpt | vent "
oo S hTca, SesakeT b EE Bl T SRR Fohgaly comporens
with 4 B1&oHEht ﬁ@anﬁgggﬁ%nﬁﬁwiﬁga@a%ﬁlrec%w@gﬁguean Agency to
have negli gl br e photochem cal reactivity and that are .
s fresdrhé exgprésentatiee mbw@me&saﬁ]esilscj@a@e@]ﬁsqzwé ganethod for disposing of a

Regul ations .at 40 .C. F. R. 51. 100( §),, ich I.s . .
fist ViR poPel VY PArSLREsE e odhovaCoSRayY sjrerf th a bi-solvent
cleanigiQss. embodi ments of the invention is not intended

0 describe each illustrated enbodi mrent _or ever

: ‘ y vy -
i ysl use tlranglont 8te nrpsent diselosurarihe fee 1Y Qlr @emph selyent” is defined fo

: etail.ed description. | i cul rotection A

netudsorfn R TER ARt by LR R TR Bl Fygueoton Agency

to havdRAMNGTe PhetotRuneiBili resctivity dnd thaireee speupfiet & the United States Code of
understood in consideration_of .the follow ng detail ed

FederaleRegulgsians at 49 CaRi Dul0Wmm BB henEoBOTaFeOY FRFETETon i n
CqRReHLe nsu%ltlenytol?ethe various 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.



acconpanying drawings, in which: Figure 1 is a
schematic view of a cleaning systemof the present
waele®ehsssr e representative of a cleaning and rP@BEUSIP05/039405
node. Figure 2 is a schematic view of the cleaning
systemof Figure 1 represenggtive of a sol vent
recovery and waste di sposal node. Figure 3 is a
se herr}at ic vi ER\IBFfDESC%{[IIBEIGI\a(DPE Bl DBGOVENGSt ank  of
t he cleaning systemof Figure 1 in a start-up node. .
Fheyieengon gnay %%ﬁ@?ﬁtqoelm?%@w pdeigiqqchdi 408 g‘é‘ﬂ&“ of the following
detailed’ ecfé?c}{'ﬁ{t%nt 3RK,2hub h@mﬁ!}cﬁﬁ{é‘}t@g oB YRk eMhObntildrOURe cdniedtidn with the
continuous cl eaning node. Figure 5 is a schematic view
mmonm@ﬁﬁﬁgﬂhﬁ?ﬁgiaﬂkhﬁhd recovery tank of the cleaning
systemof Figure 1 in a first ste f. a sol vent .
Plesten, b1 sbBe Y it & elPaing SERBHa (b Divet Groclospis spresentative
ofacle %mﬁf?mﬁﬁgﬁMﬁéy tank of the cleaning system of
I gure In”a second step of the solvent recovery ]
Riple: 2Fs quseheiatis vaews aifettratdlagninigesysbeémaot Frgee tlapgpresgntative of a
recover tank(ﬁf tge cl eaning systemof Figure 1 in a
solvent FeGoVgryANE Vet HPESEIMUENt recovery node. Figure 8 is a
BRI £ sttlcfWiONiddv bf RERisé ARK aAdEed®ERY @ink bathlk cldaning system of
the cleaning systemof Figure 1 in a fourth step of
Figure 1 hnea sfeftwgnnodeecovery node. Figure 9 is an a schematic

iew of a rinse tank and.r f [ .
BB PV T B S AT o BLEARL AR st o
Figure 1 8EOY&tHubRAGeankrigibge. 10 is a schematic view of a

rinse tank and recovery tank of the cleaning st em of
Eigyue & isla sehegatie vign of 8 rgperaakiapsh f‘?ﬁfa\é?fy\?ﬁﬂi %fs %ﬁéﬁeanmg system of
. i nventi.on i | ous nodifications and
Fguﬁ:LP}%ﬁ%%??38§?%gﬁgﬁqé%g%gP¥@%Lthereof have been shown
Bipuvey 10f seheanrit eidw of heinde ank ngs remalvenyy Ithnkbef the cleaning system of
) described in detai{. It shoul d be understood, however,
Figure | fng sqoeBd ptsp ehtiesAlves! 1562Vt % ™% t the invention to

ﬂ%ﬂ@ ant b Gl cfati€ TR b P8 Hrle HER Ghil Reco v thileo£MRIdIing system of

intention Is to cover all nodifications,
Figure Bipua tetdestepsof thasbledrtt eeqvatiyvesdef al | ing within the

E?ﬁlﬁ{g% ég ngs T S V%Evi-tﬂ? E%@%%%&Eg@f%%{}g%itn doP Mletctl]eeaning system of
Figure Pk REp b he S 4R McotbsMdeg system 100 of the

disclosure’i s illustrated in Figures 1 and 2. The .
bigusoPuem actleanitingisy of eningognk end gesicgnary tardo g eging system

. for.cl [ preci si on nent s- Asuch as, for
Ofﬁgug&gﬁb?gﬁﬁﬁ%Eggﬁw&gs?gég?og%fﬂggF'instrunents, waf er s,
Bzuk®0 ésa sdhibti¢lvizw 6fLd tiise tank and recovery tank of the cleaning 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 example 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 imivention 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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di sk drive conmponents, precision nmechanical or
el ect ronechani cal conponents, or the like. In sone
w@e@sesisBy preferred enbodi ments, the bi-sol veP€T/US2005/039405
cl eani ng system 100 conprises a single integrated
systemthat is self-contained such that no substantia
i nterconnection is required between the conponents of
such dsh€obéxaglly eRbical @antag opy@! amtrulehtsexaimat,eRC bberds, hybrid circuits,
bi - sol vent cl eaning system can be nounted on a single .
disk deie oBIPOReTTTEIMYPD MEChAiEAl 198 §lapirPRicRhaRice] fgpgonents; or the like. In
housi ' : o) 3 ) oy oI ;
some PRSI prpRGRLART Al IBHE STREAC c1Chibe PR 30 ghibrises a single
integre@ATIYEIER has Ys tselfichotaizied gsudld 2hatanc | sebstamtip] potetdoonectioa, is required
a rinsing portion 106 and a sol vent recover

ST T N
systen;l' Q’é{l e I%?ldlgigd RAT % %fﬁ%lel 9@% ARGy S AhYBPLofit8FeY ithin a single housing,
portion e e

can perably interconnected within th

contaigyisérernipartgieny 102 such that a single, unitized

structure can.be test shi d,and instal . -
P P e 07 o i T chmpec Rt (g soprorie a sysem
housit @2, bl earfind b?ﬁbnﬁ?%}’@@&siﬁé%pﬁ&ﬁl 204 hiic4 solvent recovery portion 108.

recirculation |oop 114. Ceaning tank 110 can conprise
The ‘anioupenmpandat areduding teéanpe putioablod, masag pordor JOR gl a solvent

stai nles teel, tantal titani . .
o e Tt o b oA P Lo 102 su
singleCh@i@iReEricank canll ©aldfdfdpb@nd bivpillede at | east one

ul trasoni c transducer 116 for pronoting the cl in

an
plCderaing portien D4 earwalil: camrsgy 2cderiwns @nk dl hat SF?@ sofvent 112 and a
atterns of | a i gh-pre WhtdyeR the tructed of

first PF?%?”%%Ig@ﬂtP%&Zgﬂﬁghgggﬂ%ogﬁgﬁgéggr %%%aéégkbubblégnsnwe °

suitab®d mabdidlsRueh b istafif e sted camelint ititariemh iquérizooresd ymers such as PEEK
phase, the bubbl es_i npl ode viﬁlent . This ﬁroce

f :
and O&Eéeﬁp}t?s@e é%eri%| &:]?Eﬁiét.lg)%lﬂ 49 ¢an | m)]yp Sy fegg[o?raa ultrasonic
transddger® Egd Fat %rgﬁlmti %h% @fe'a&ﬂ% ré)?oc'délsé.s THE @ftaddrlEHRBgy causes alternating

scrubbi ng process along t surface of the precision
pattera® o lnentdshiglapsisnge ahysep avithirctlk diretssol @b &12. einghe tW-poagsure phase,

the parts. The, bubbl gs create ring cavitation a
bubblgs Qg VWM KYIEsHC a‘%émg I Z[nt %egﬁlﬁhip?%\sﬁéren?l}?ﬁ%sﬂigp%@bles implode

violedtly® V{‘Hél??rotc&s R @l 8RN BRAEHNS bEBHIES & RMEATIPaATated @ as cavitation.

SInp IT_]TEF SI on or a I_t ation cl eani Nng pProcesses. ,| n a
Cavitatepr es@tstintan veterserodi progdss plosigrihe sunfasq 9 theapreqigign components

.is a Cest Utrasonic rp.. ceram n - o
causigg, igeearEusdn emsr S TRyt RuT TSRS Shaisa dyrine oqvitation are
minutd Yinki a3k s8cl hRUHEN &Y p&etiaRi MR e cfic htian do Prdviddznhanced cleaning as

U trasoni c transducer 116 can be bonded directly t

L . 0 .
comptied texienle Grmersianher agitetien FERERARICLTDCY 1 ACAENAIYS gubodiment,
such_as.epo FLr n '
s PAGE0 Bt G PR SHEER PR copc o
supply@giuligasbaic@berighradb gliitabld freqiendy of eatwesrs2&KHE b8 26 MHz. Ultrasonic

remove particul ates introduced .as e precisian . .
transcliGRpblebRDoIRdeN SHAE! lOPRF FEFTISy ot i LB REARIL by Pitigen adhesive
Sudl%ﬂ%€g§.nnre suitable filter arrangenents for renoving

particul ates. Filter system 118 make conpri se )
prRépacdcageldtion 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



filters including a filter nmedia, for exanple
pol yet her sul fone, Teflon(r), PVDF, polyester, or
w@oiogpswpy/| ene, capabl e of renovi ng parti cul at BGT/USMS/039405
to 0.03 mcrons in size. Firstrecirculation |oop 114
further conprises a val ve 1%9 and a first
recircul ation punp 120. Val ve 119 can conprise an
recucul@’d&? Rbed 4VaHME @ghisesa vAIoE 19¥amRl £ fird r8ok@natich pump 120. Valve
val ve, "or a hand-actuated manual val ve. First
119 carr ennprmlaataummqsmalm suchupsclor snampls, covlgneidvelye, or a hand-actuated
te.the first t
manualp B, S i Eian DR SR YR bl Fa HRE AL, R e frt sobvem

112 thrbgH fh@rﬁrﬁ%&frls?ﬁel@ f1gr stirsheafircabad banigep 112&af1cfurther comprise a first
conti nual | heatlng the first sowent 11
y {I‘i@lt

as it
heat exchinger dduden cprinually dicating Hy fisshiso % 8 ghis rintggced to the
I e
ranin ) 134 (BB G BLAPREE: 22 L et 0k, IAIEBS 110 v
maintaineé bt 4 bowimgbus emghecitinerns heanerecgy brstahwughdoadiaion; sonvection and
replaced. In one presently preferred enbodi nent, first
13dm“@&#9%ﬁ¥*@12 can conprise a suitable VOC exenpt sol vent
Pés&ﬁgi &?@{eﬂci Bhd@higS ftfablrERMbec e isigeVakuitable VOC
tan1 a ts such as soil, particulates, oils and
exemptgsfc&mlewvlthFSDﬂV@X ahmiaeteriftics ghatspjbmem tllqzer@qﬁal He\eeniaminants such as
kar i - but anol . val ue

soil, paétﬂpd](])qi?st,rg $ an(} gleasesg 3{0\/ 8%;13611;11_6[,29 @B%Veggl {£RLE ﬁgx%t gk!ﬁf—%utanol value

of abov?to@(peﬂp oRA G Hati0X RAPbAISRINY,efifst s U@t 432 dodprises a soybean—based
exanpl e, Soycl ear 1500 avai | abl e from Ag EnV|ronnent

VOC eRemgtiselsensf sulredsa forNExantpdy iSeycleabd P00y apiab It frem égﬁlwmnmelﬂal

ProducE HE ﬁg}%ﬁ%g{%llrﬁ%sggn ﬁ{ga%c}l%t ' %aZ»%SISg’glegaIgg%p%gqr 32% %f)lvent 112 is

biode gﬂaﬁﬁﬁle LA sEndiRearddius S Oh ediaitBleef geser-bddeyt sbivenipisisitieese types of
due to the readily avail abl e nature of soybe

solventFara groerabY dnexmens R aveio tbmgaéyly avpbaR! P yatis gga@fheans Furthermore,
I ui. ke

no spea%gJ ﬁglg}lzt‘)ﬁ gexgg%\ﬁedggggg %g \eilgﬁ{o?‘ kt tﬁclﬁfrg]s“iuraengeerfe?aﬁly required for

dlsposﬁlg efltey edysbastd @blventa st/ mstargj’ee‘ahﬁs thee :lmkvlsaoho@:h aed{ougreases reach a

i e S B 8 RS 50 7 SR b Fece wi

fresh S%RJCﬁ? Nt C%e@esoﬁj\}eﬁ%oéﬁldbyﬁhﬁg)s&f adiihd th@kudifﬁl hesthods such as, for

Yt or exanpl e mbustion in an incinerator or
examples edmhastmnfmezin $ttcireaatps ounewl an ackiedi sierinopouspe hn combination with
b ﬁtlng il inside a boiler. Rinsing portion 106
e“H¥@@~§F5kI Ogﬁhprlses a rinse tank 124, a second sol vent

? ﬁ%?oﬂm‘heﬂﬁiv BEnérd1BOR es RirirRddiahkor4t @ seemhdolvent 126 and a
vent 126, rinse tank 124 can include resi dua

recovearrhwpt B28f If jadditiogolovengendl inVﬁlﬁt tHousiase tanky |34 candpglude residual

o2} BseRobb) L 0050 R0 TRORIR o B Ssd b

Rinse @k 30Hch@tompisy h@bﬁerﬁﬁnﬁ béﬁdtru@{eﬁaﬂf 31> sta&[t—korlﬁiﬁnlair @itaterials as first
exanmpl e suitable materials such as stainless ste

cleaningy |119)|Q1 farj Q)@mphensum fr@t@yalsp él]l(_‘}hn@ﬁ stapleps agee};é@péalum titanium,
quartz and heerr 1slc Ig%lg roltﬁa'elrss'ult lgslﬁatté?{b!fs 1%4nS@hnk 124 can further
4R 85

|"'east one ultrasonic transducer
compribd @t fe@4t ond ‘ﬁltfdsﬁﬁlc Qﬁ‘ﬁbdtﬁéﬂ o6 feirtilduri-hpeavitatoe wilnk thedinse tank 124

to furtlie? agslilsrttﬂ?eecrlea?lfr?gl Srtocésrs]e 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 to 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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Recovery | oop 128 conprises a flow system wherein the
second solvent 126, as well as residual first solvent
wadehos3seci rcul ated through a second filter sPSI/E8003@B9405

to renove particulates fromthe rinse tank 124. Second

filter system 130 can conprlge one or nore suitable

filter arrangenents for renoving these particul ates.
1ura118€5f>va€wéé 139ap13128 18w, ibed aﬁ@mlét(&fdsreapduﬂmmlnl pummA32. Valves 131a,
p

[ves 131a, 131b, 131c, 13 Id and a secon
131b, 13k 8L ean mnmﬁepanl@uzome\v@d yelye paahyas, iosfféamfﬁé solegojdyvalve, or a
n

nand RGBT Faf e S e R R ] S dunct e & Sgebifcly pump an
appropeREd Miduide tiroegt atid @Ebopthyplobﬁﬂi& rhatedoms & onslel eﬁnpwltlyn and the

MGG R TN RTINS AN T —
seconcig%tt Qf‘ch%% EX ?or]@bjoﬁn #3%Becontidbbvent P24 £hd tREFRMRAY fitsP&Ivent 112.

er conpr se a second heat exchanger 134
f Dforﬁlqméﬂeﬁﬂy pheersetanisbdsnéntesecon® golaend 126 ean eampiieg a suitable VOC

first solvent 112, hi_ one t f d
cxenmbpen b bebbateoyrune USSRt BFSFREL oS oy fpget o e
prec1s¥%o‘?@%ﬂaﬁ BPRYE r&Blv‘é’htt s okyeBtarker #6681 bavEmsl A6hédn have a kari-
e renoval of any filmleft on the precision

butancdozllabxerbetWeeb}abbutrHltOS?bbuﬁelrﬁ@ in2ne W@S@&@Wm emnbedipispy second solvent
sol vent 126 can, have . a kari ™
126 PG B BREn a0 STV SR EpSRRTRLY eV oy e PR HEE-7200

availaBRGRI 1ROIMENSmPAS SFBIPP4usE8NaNHERYI208 daed bsdimgqntmt of 61°C and a
such as, for exanple, hbvec (tm. Engi neered Flu

wide lﬂm&dz‘m fomi +136fF¢e r@n@trﬁ@zklgﬁfllbéﬁ'p%?ﬁ}leﬁ? s {ventp‘gmvapor degreasing

apphc%\I %ﬂ?f dE’r gﬁ%@log,r HEE- c%erﬁte féple%n%?%sﬁogr%glgw %?obal warming

potent%ll 351213 I%Qﬁce\daménldﬁger ga§ |eﬂ1gssaxmsl i abti @\sOQi arald i appmved without
HFE- 7200 i s non-ozaone depl eting, P very |.ow Q?
orsarndpokerbie St F it St antgde’ Henifcant New
Ahenﬁﬂbg |s not a VOC and is approved w t hout
re rlc ons under the United States Environnental

PSOIveﬁttrchVeAgpmasi 0Sicgnidrmaset a Ntevweﬁi' tank @6 g eepovery heater 138, a
rogram__Sol vent

eco ortion 1 C
onderl@eweﬂylﬁ 2 23851, Pk e r 56&%%{% ank3l SR B Ay open tank
constx‘ﬁ@'ﬂeh oF 3% & Br WS mAald 49 ﬁrﬁ&ﬁéﬁ‘ﬁﬁ{gytaﬁlam k0 236 raR8 tank 124, for
onprise an open tank constructed of the same or
examlsle Ruitzbie mateeinisasiush assthinless stgq:le@malpgn; tafpikumQ gUatroT Polg@ers such as

PEEKS%I%{< ﬁq%%rsgngg]rgelp?te{nfglﬁf ﬁségtlﬁ%e%? :t;%er%ﬁq’ﬁée 1S p%ellﬁc ;F%t}a%ﬁed to and separated

from RRYYHIBE 928 YE An aveftiRKwandi 40t hak saeh, trédblvarynﬁhle néaland rinse tank 124
Recovery tank 136 is physically attached to and
share s epamnanedpér lankdt A4e t ank 124 at an overflow weir 142.

Wu{}g%gﬁ%%?%% ]%%Cf Hxﬁ Eﬁa%g‘b\%’n ﬁf(ﬁe ﬁgkk %&fe%‘a??\(?}%%l Be configured
for alit&tnﬁﬁﬂ at et -abbmstel Ue nharthe aperagoﬁyslhmaldimﬁ toathe b&forementloned and

configured for aut omat ed, sem - aut onat
descrogt ety i oy e S SR et B Esision componrt

handISESSLLRSGT: 1%% Q&lscion LS ER thelcRamhp garﬁtygtoeéﬂi the rinse tank 124
PR

er conp ci st on conponent handl i ng
by pladisd e pais vmmm rag:amee @r dhsket pa3.t Thireprorsion chepoheddiapgfing system

tank 110 and the rinse tank 124
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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by placing the parts within a carrier or basket 143.
Thi s precision conponent handling system can conpri se
W@2008/08882 syst em wherei n an operator sinply plBCEES2008039405
preci sion conponent in the correct tank or it may
conpri se an automated parts ;w_andl ing systemfor noving
the basket 143 fromthe cl eaning tank 110 to the rinse
operatioft Rlchladd forl dkaffk, lp@Rtiod tomed1idnind dhisated rhy sysdreprodésor, personal
may conprise suitable |ights, buttons and sw tches for
compum@gﬁxagraam@&bé*t Legicsfonirper{PLEY Y& Hie [&Ceani ng syst em
. _Alternati vel i t i ithi
g2 pieien b dina el Selv e iRk ERNRAre 50 BTG dohhed within
the syQBR Rusiig cOMt suehl Bd f@nekanmle iataundized housing to present a pleasing,
m croproce '
st ey AR B s e BTFERYS v 12,
ertho b o . 5
the e Pl e e e e S
aBurifeospeextaom|tke Ai-sabinh eldaning dystesi hep tan pe sweir ope of two modes,

first nigys peihefor G0BPan e Gy egaryeRopppagh g A, BRhAGEE rinsed o
illustr%t%lgiélﬁlggﬂfédl S04 ¥ becdrP mddB@oRpRRIng LMutbEEp Pesdess far sbgarating the

and an electrical power source. During .
first salpert 412 angd thérecdond solverint2ocfodawien §ysympesh apdseniiahdisposal of the

run in one, of two.nod fi ' ' -
i AR EDo, T A2 1, A o
cleanihd BR6eh 280 lab lisdiagkiadl FigurEgUREhIrespedt tohthe Spexinidn wif decond rinsing

conprising a multi-step process for separating the .
compdrientstO6said/mepvaryzommeneie 08cbisHg 188 ipgroderdnt sepBihatpdes specific

by .rempval ..and po tal _di }rst sol vent
refere]iééz‘s ’gﬁnge ﬁ’el_f:llgglf?ﬁ?’ i“%(ﬁ% C%t A6 fégg%ﬁdtf S(g%qeglggltowi% for
reuse within the bi-solvent cleaning system 100 as
N [ Iéust_rat ed in Figure 2. Wth respect to the operation
ormaf D@ﬁa’é@_ﬁd rinsing conponent 106 and recovery conponent
18;? (LG LAG itnh[ﬁléglleg §t3 qe4,%§>@ra$i%ﬁ%‘3{hémg§‘olvéﬁQﬁéeﬂcn'irfg system 100 is
referenceis e to Figures 3-10, which, are further
initiat&€B¢ torhe@ntiak aecirditutionlanOheatatd portidss of the di-selvert ¢lepning system to

e Bt 0 BB GRS AR RO, it v 12
pump%fﬁﬂrgu%ﬂltﬁé 08 RBREUNERhI18& P ki dBaofirst Reut Rkcl@@bste2 can add heat

eani'ng systemto achieve the desired operational_ . )
energpar tairstrsolwant Al D acd eenseaepntlyr heao theidarning fagk 148 Japwmg operation,

e RSP o M S AR 2008 o, o
70°C g?}eégﬁlglﬁgﬂ t[g(?]o. Sl wiliNde dnbRrsddvdl 8P baEafisl iy thehaathdt keaning tank 110

( L k 110. Duri ngep operation, cleanin ank 110
and firs revercwlptiom éebpat 1 decagdnendg pyitablnsonsis, MERSNSt sSHicththat proper

as, for ex | e, about C . i o
tempqs@ur&ﬁ(}tq,vg {33%% pﬁvs%rﬁsé a%c} gtgl% ?l{og%sﬁ%gﬁlgﬁan?%at o%ﬂk(gg%\’:allrl]dgmamtamed
duﬁnésae%ﬁib L0 and first recirculation |oop 114 can include

uitable sensors, neters and alarns s t hat .

t éutial tipssip o1 e Pokient BrasBgraTent loPHePI G GEgsdank 124 and

var.i n : itar - i . ;
eco B9GP R R TEPLRLO Pl USROG faines. Ry b
138 i€ h@ianicn o Systtanrddfeypetial 3®m theibodagtpoikt dfthe gergnd 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



recovery tank 136 each contain second solvent 126 as
illustrated in Figure 3. Recovery heater 138 is
w@eiosesi3er to heat the recovery tank 136 to theChUB10051¢39405
poi nt of the second solvent 126, or 61C in the case of
HFE- 7200. At the same tinme, gondensing coil 139 is
operated at about 5C such that the vapor blanket 144
solventd@fpitdved o theparss tafk $24; dhellevel afesetordkP oliveantfla6 Mechin the rinse tank

. directl boye .t he rinse tank 12 nd the recqvery
124 risQ 7 epka IR IR o ey et w842 B shemg Apiet 196 cascades
into thelrB€o@ee Bl 136! Yafhg kdnkibpeRRdgNSe 3 Ut lerlq)E/ af?el cgi‘v%lgd while valves

distillate of second solvent 126 continua
131b, 13 bdharer Hesedesh¢ls thah second seaiiicnitiont pwrkp 122 pusspstthecqmiends of rinse tank

[ Sthll ndspj.v.e 126.flows into the rinse .
124 tor ol 5t SRR B A0 rrdiR DeP iR Pifin s tank
124. Thiongk thaodntihddd ddition BAUistillhe séRnaNBEehn @26 B¥EIheOfdattdR of pump
verflow weir 142 wherein second sol vent 125 cascades
energy rﬁ]@]d’e?lﬁ(‘éllﬁlt@@wwl 32 e temgeratue piidgnsedamtal 24yserisiapahout 51°C.
: ed .mhi valves 131b, 13.1d
HEL NGl ka8 26 RIS MBI bt i eomponen

is placep unfostht leéeaningttankt $1@ffor bxueple Bnlplabddk therRe@od Bémponent in basket
er system 130 to filter and renove any

seco fil
143, BEEEC TRy ioswh@orae Aifon Prrost sivent 342 Sty et meiculate mater, sofl
oils, great W%hédgénttilﬁﬂlaﬁfs distde! LS &eﬁ'&ﬂd ‘clrc‘eOI Y%ﬁgonl%gmponent and
and the addition of punp energy FFomrecireulation
suspendpd nyithi®2 thet fiest t soiyeet at Ir e A baskes d 48aakd, 1&shseqirnilnsthat precision
about 51C. I n a,normal. ¢l eanin nd rinsing de as )
compongyy ﬁsf%&?‘%&e(f W1y e Tfst PRI L2 igioRs HBRBIGeT 146 can induce
cavitatidt R@8H hetMsteeat 8N id AirtiRPkroldfe tHelfenfXa Bt &nB¥ninants from the
.. placing the precision conponent in basket 143. Basket
precision ggmipgneih erageuskgtt i3ris ubesl dsipagtof solawtmbatdd Rarslliop systerm, basket

t:ha rticulate matter, sqil,.pils, grease and ..
15 cont AN RO ETORLED s 0 s s g ShGReE e st
removin@O op@B@itan&N Gofl SR Nl sioh t Eunhonbe:, i Fisdt saleeNt 12112 continually
As_basket 143 and, consequently, the precision

recirculagieghfBrigh the Suwnesciyewlation Hpep tIHE Mhertin solw ewrpended, particulates

introductll b o2 ' avd tation w.thin
oy b 805 ABRUERTs AP ARGARTHSE, GRS Rl AR e v
filter systsdm ddRt ami nants fromthe precision conponent. Wen

sket 143 .is used as part of an autonmated handling

TP et RS RecR Girengtued pajtiodetes Inthe ¢ldapingrf ank 110,
the precHRIAIMI FRH RMtra3b el % %ﬁéjﬁnggq%lﬁigi%% ggllgg Irbtagl%[ 1 £$S 'V\%etn placed in

) In renoving contam nants from on Conponen .
the rinsgjtaglt K@, wordl ahRunts cdrltd finsl doyveme ci 12 vhmtredaihsOUEE Precision

the first recirculation | oop 114 wherein any suspende
compongsh” 1 feepb Sorknto e, Blsas, o HEMBIURH B BsORGHES ves the frst
solvent CENfBA theMMYE@oh empbh&atf i’l‘f‘h?st rigGhy 85 bd Ferihd RBodriged \t;vithin the

) first filter system 118. After the precision conponen
rinse tankak24hiheerghl the meel ob ultprspic dransduesrsi I 6t toeintbdari cagitatinkwithin the

. t eci Si 0 onent is. nsferred. to th ) i
rnse tangtllgzsd'e' t anﬂ%d%fﬂ’ h%%qﬁﬁgqggs%ﬁ’el%éﬂ el A &% Wlnnal%‘ﬁ%r side-to-side

manner toi fifRer @idkole2ontfiidbht RERNAL SorRfthd HrRclsldnSdondRh¥AN A fekd1eaning,
n remain on the precision conponent. The second

ca >
the baskely | ¢y rameyved; femsthajnse dagli A2t gvhoesin iteeivap@sblamieet 144 dries the

--]pé j: | vent, 112 fr.om the precision .
precisiorfeARROERP ol f MR o b e P ARG G b ioonentis then
preparedvibt furthet p@cessing 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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rinse tank 124 through the use of ultrasonic
transducers 116 to i ntroduce cavitation within the

WO 20vs@5@33nk 124. I n addition, basket 143 can bBCT/US2005/039405
oscillated in an up/down and/or side-to-side manner to
further pronote contam nant yenoval fromthe precision

conponent. After cleaning, the basket 143 is renoved

contamféﬁﬁgﬁ Go?ediﬁélo'ﬁﬁe%_ 18Pkt 24 MRes@béntt e vapedll bl anketthdrddontam inants
ries the precision conmponent such that it includes n

10
present én theqrrecigsi dompoing. grsewils itemorsfipwriain recavern ik 136 introduces a
repared far. furthe ocessi r.~use.; Wthi inants into th
stven ARl o ST B SPORT DR AR g o

recovehy PRk 136 @t iIRisghteadly Fduad 8. hevied fisusdivedtaltl 2tiherlectédsto have a higher
constant overfl ow over the overflow wejr 142 gn in

t .
boling s prejeretnRIEBEY IS, B G SHOHI SBHSB LAt SCRPE P RlgkyS con tinues

i he. rinse t i L ¢ LVERsesl®B ahdunt of first solvent
o be ot P84 5 Sk Plpide BT RR RCu et €8 apopnt of st se
112 toSRbMBHktelahd iAsrexd Within thayecotdre tardond@nEnenttalyp tlesencentration of
on the precision conmponent..As such the.ovgrflo

) i,nt .
frst sobwb 62 yrithiee TSVER RBRUCGECEE8G! DRt PPk P Iriis tfline point of
the sollbdi Hhix Rt Y& chited tﬁ 2GR0 SOL YRy H26hiABRd pafY wheREdeparation of the

contamnants into the recovery tank 136 as illustrated

solvent mixtu@uird® bdcondss tdvesshiy. st sol vent 112 is selected to
have a hi gher boiling point, preferably nuch higher,
than the second sol vent 126, second sol vent 126

Sepmﬂﬁgﬁgﬁgyﬁémggg&&nggﬁﬂed of f of the solvent mixture 146

) er tine, causes the anmount of first solvent )

1A 2sdloera cdispnshiataed aredovany reedse fou the Bisperieplgeripg system 100 is

) tapk 136. Eve ly, ..fhe .concentrati . fi : .

L T e T T

cleanit\§ysRPh 100 Bheh@ll Nedddo e ¢dnb&htiacibRbf Gifrsttsbevesinl Mewtthin the recovery
m Xture 146 is caused to increase, eventually reac

tank 136 perichingwiemacespirbiatavehasofvidenecs By g8 ARCTRISR i e ‘iﬁzﬂg'ng Point of the
solven %ﬁgtgﬁf 145 Sglﬁsgg rfgfa g AL A L0 gfé @?&f@bre%b%ﬁ@ﬁ‘ ofthe solvent

osdl and recovery no e bi-sol vent
mixturl 1%r(iﬂ&lcﬁﬁ/giszi@ﬂiMVédScdnltdmiﬁims)tie dedomfishert by coolmgothe temperature
5-10. As illustrated in Figure 4, %ontéﬁ ed geﬁrggjq?t. ¢ Liquid
of the splvenenmxiuzsol 4 ithiy Bererryesy @k 3208 W Entuga thgt dYigsdistinet fqu
levels a0 %%Cﬁ??ciﬁg[t s?f)g%én?gmﬂaonf 11855011361%5%%“{1@6 121veht MM (IbRiding any soil
an reac n

recovery I ng an acceptable level as
contarkbiencad dyecand solsegametiom] iheonhwisding geqooil selvett 12{e First solvent

~solvent m xture 146 such a for exanple, an. incre
portionf 148p@ad giecqnsy é?lv%pHP%’toi“oﬁsooiamt ﬁgneggl}f U x&%trmegau%jlgble to the
(. di ng any di ssol ved contam nants) is acconplished
mﬂmﬁ&§agg%ling the tenperature of the solvent m xture 146
WCbbiig tithinrthe osconvyryt tanik 1186 aceorsplshed by temsg eifhe recovery heater

distinct liquid |evels.ar or med f . .

16, i SR Ak 48 % LT e, 4 AL g i
the liq?m’wﬁﬁiﬂ re&RREAEHRABE Wbbudnhe RecdOE81ors 2R¥ BNbp@NG Vvalves 131b, 131d

50 conprising second solvent 126. First sol vent
while plostrigoralved 83 bn d 34 e seeidthgbihy Eawidsen besroledpy4hesecond heat exchanger

ener al vi sual | | St [ d bsii&Hoff of solvent
T
mixtuARCTHRIch #he guleydittiltand spthekécohd eolvandlérspofseandmsing at the corndenser
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
rinse 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



i

138, turning off the condenser coil 139 such that
vapor bl anket 144 coll apses and recircxilating the
WO p@paiosh3sd t hi n recovery tank 136 through the rBCDUS2095/039405
| oop 128 by opening val ves 131fc>, 131d while closing
val ves 131a, 131c such that Qpe l'iquid can be cool ed
by the second heat exchanger 134. As the solvent

momtor‘gﬂ Xin%l rrﬁalﬂldaﬁle@ QPlifing Se&@NE. SOlsvidBtredRGry sankois|cogkelr to 50°C, solvent
| ed off of solvent m xture 146 such_ that pure

mixturedl 46 |1$ seaeniol inke et onleBOPYBR 1% 28d SROTEoRISRR Rgytion 150 as
i Um:i quenser coil 139 and no longer fills rinse
1ustratp Hklfff such the level of second solvent 126 within

Dhcé tiel MSE sélacrkt padicdr 048 atd stdoad | selreht pértivhe 160 Ghaf/ ¢t d@en formed,

weir 142 and no Ion er cascade to the.,re o a k
valves 15, 4314 415 @BeReR SV AV S B 33 G2 glossd Shet ffa: Fegsd Solvent 126

within xklig%e{aﬁlg 998 DY 0%y %k H‘%ggklhol tHer}eE(Wer?rtz{nlJ et ch'hntﬁﬁt ﬁlﬁBKnt of second

recovery ta recovery | oop 128 can
solventipoetliandisOsinttatele Aensmng,sohenepartiand Salizorenses (b firshgplvent portion
proper. tenperatures, flow rates

sur.es and. ot
145 risfy Bg <oaR b RECO LN BRI O b Aol WAl oqolVeht portion 145,
| €A IIND A8 ddIE sbi€ COMRIMnAtRMK overflods| Bb tvaaste tank 140 as
Compngg%éﬁgéﬁJvent m xt ure 126 S sepgrated into first
illustratedlin Figurep8r tProferauly, mc@VS@cT@nlel 136Icomprisgsor viewnng gortdg4 positioned

illustrated in Fi [vent

with refy&c{ fo € {5V Oélg]gt qgg%ucggp% : z{) n(g e?lag%})fl ﬁ%{/ \éle\B/eté]ﬁ first solven

portlonflqlgr@Qt oAl ks tHS il&ovér%l&veﬁﬂl@xf epsenesh. whi tie leadludsecond solvent 126
la, 131d are cl osed such that second sol vent

within mf:trbéowenyu tardel IGnrereases.cha seroad salyseidpartion | %%%V%‘@glyépymaches the
nk 136 such nt B, v of

vt of RSB SUGRbE cATRA ks BgBE6TA ALY nL PRt 0. o s o

first solv@ﬁtr FREG6 148 hay bieess Hirsetbd éntd wste tanln 14@811(1111 thes tln,mYaIVes 131a, 131b,
reaches a_ recover overfIOM/melr 15 2 erei

131c alfd 13t g plased 1fﬁi9r PO, ks nogBALeResaty #ud et f%”a"f“%}g’#t (components can

S ' f h\teDy, WG Bow of the first
ey AT At AR TG0 Rl Rt of e i
solventpReNMETA8 daak alB6matmipthieeh iastaliationmg apmtablqsp,tlcal sensor such as, for

positioned with respect to.the « rflo
cxampli PRRIE Y § Rt BLT ATl G BT RE By S o plibpdrion 148 and
the Sec@g{ LRt %ﬁ%oﬁqu overfl ows the recovery overflow weir

evel of second solvent 126 within the
Fec smeeqasﬁﬂ ankratBe o fibe daselyent teandreistens HIG diis not necessary that all

orthe AELEER, 1E0LEY Rl ot GRS A SIS bying pomc o
the solvqént hﬁk‘cﬁrepp%me,réﬂu%di 9% hé ¥ Hprddchske beilingpsinpof ’dhle@sacohﬁ&olvent 126.
has been directed into waste tank 140 such that,

The firstadobest 182 éncluding any disselyad pgrt]cglag?,sean@cg@i@anp@ﬁt@) Wlthm waste tank
sition f nor nal na |
0 <o 0, RSB 1 I SRR, st o 112

is a vol! é«i&fn@ﬁﬁ&deﬂt NeUd O thae itléhn W ireimvadted ek ysedoasen flliavstehm source. As
the first solvent portion 148 can be aut gmat ed thrﬂ ¢
descnbueﬁsm bizolvsnt leaniag alsie 18P 1GaRApe SEIEIRHY SFeRORLally Gjdvantageous

where ﬁ%a\ﬂﬁ ri aofptﬁg R ENE Qe R drlat ﬁl‘éﬁ‘ltﬂe)/mgt plicoes 'tlfehﬁrst solvent

rst solvent portion 148 and the second
112. solvent portion 150. For successful operation of the

Bi}] @ts I?n!g?alqgtnot@fi%!tlaﬁgt%%] ?Igft%%/@%q ge‘%ﬂ? 911@12&6:616% lbggr{gg@gﬁfrﬁ%ﬁ h’] %he illustrative

embod[BGRY GhY dxaRb1ek3 Qe sriPMeYeif MR e sBe kkifpReidnd @hbodiments are

presented by way of example only.



the solvent m xture 146 be reduced so as to approach

the boiling point of the second solvent 126. The first
w@loees33A12 (i ncluding any di ssol ved parti cul BEEESHENF039405

contam nants) within waste tank 140 can than be

recycl ed, recovered or disggged of as appropriate.

Preferably, first solvent 112 is a VOC exenpt sol vent

such that it can be inci ogriaanmsl or used as a fue

stream source. As described, the bi-solvent cleaning

system 100 can be especially econonically advant ageous

er e unit price.. ent 126 is

L éﬁggﬁ%iﬁ¥ﬁﬁﬁn¥ﬁéﬂﬁ%PP8%%@gﬁﬁﬁﬁggﬂgpﬁﬁé%t sol vent 112. o
It i Sclékﬂﬂ@% s tppaddsibh abmpdrient bypesitibningitie pretisiont @mdpdnent within a
to be undu ﬁ limted by the illustrative enb&&i ntsth :ion
elrenies samls| BHeds sith &I SAVERY FPr 9810¥ Higt COSHOK™ 5:%’%]5 © precist

diments are presented by way of exanple

%ﬂﬁ?&%ﬂ%lws 1. A nmethod for cleaning a precision
conpofisvitg ¢henprécsiog conpatesarihna raspriedi §llod veidmsoreepand solvent
by positioning.the precisipon c£o nent w,thin a.
pleish ARY FERRIDME PEEUH of t_ﬁe ﬁﬁﬁté‘?ﬁwwé%“thef Blie"lrSIe"%ovC."%Pdoonem e
FONLRELY "ﬁ?:lg SchhPRIVAR rRiRiEL$b A8 td formGOPPRALAT ture; and

rinsing the precision conponent in a rinse tank filled
Wi th separasiegahel sslyentemixtBevihior eifiistasplvenkpeitionigd a second solvent

SOt el LB b5 BEEES R e st sobven
b&2idh kdsiks TR 185 of ehe REsAdE Ry pailtiont] seidfist samehtIportion and second
Separating the solvent mxture into a first so

. m Xt | vent :

palveiit prrtimdbeing sisorlly dsfingaishable hyran Bissiied eye eagewberem the first

tank by coolin h v ] uch that the

pﬁygﬁp§gr$gﬁpb%g%y?gﬁﬁﬁ%ﬁﬂﬁggkﬁﬁy¥E%ﬁbf t he second

sol vent portion, said first solvent portion and second

1 solvent portion being visually. distinguishahle an
2 Thasuietal e Lasrangma e e T oh en e te foovery tank

por L C i fhORhidEnk SHB VR ¥cd @ tank Such that the first
Cmnpn%%éhﬁgpﬁ%gﬂggﬁg%%ﬁ%{%%nﬁgere%n r enovi ng ghe irst
solventgottitantadhes hirenoveryoneit irel ovecibaves inte adlspesattamfr i ses

punpi ng solvent mxture fromthe rinse tank into the

recovery tank such that the first 3 solvent portion
3. The Pof EGAY O WWhMRIL p@RFin@VET the Q¥R ehtthix t@redi O8R! rinse tank is

tank. 3. The nmethod of c¢lalm2, wherein punping of the
complesal wiemtthersecbud eolfvetmottina apprasehesahk récgvaipiyfilet ed when

t he second sol vent portion approaches the recovery

weir. 4. The nmethod of claim2 further conprising:

4. YiSReshdat fflaitd e afriestons@isw@nt portion in the disposal
tank. 5. The nethod of claim1, wherein Egﬁaratlng t he

sol vedispasirg of thetfssioebeninasier gy iewWiepsal FEkhoi | i ng
poi nt of the solvent mxture in the recovery tank
exceeds the boiling point of the
5. The method of claim 1, wherein separating the solvent mixture becomes necessary when

the boiling point of the solvent mixture in the recovery tank exceeds the boiling point of the

second solvent by at least 10°C.

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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second solvent by at |east 100C. 6. The nmethod of
claim1, wherein cleaning the precision conmponent
WO p@bAsiB32 | nduci ng cavitation within the firstPGDUS®NE039405
7. The nmethod of claim1l, wherein cleaning the
preci si on conponent includes,oscillating the precision
conponent within the first solvent.8. The nethod of ' '
8. @i fethod VAYCERINR 1 i vAShdi8 rifiéngdHiec bcisionc compporent includes inducing
i ncludes inducing cavitation with the solvent m xture.
cavitati®n withehersolvent ofxtutPai m 1, wherein rinsing the
preci si on conponent includes oscillating ttie
preci sion conponent within the solvent mxture. 10. A
9 DbiesiNanbs claBAN] MYcsisesing the prerivv ngmperena fobedes oscillating the
from preci sion conponents conprising: a cleaning
precisippeampanenavithi: te solEeh iy Snk for hol ding a first
solvent; a rinsing portion having a rinse tank for
hol ding a second sol vent, the second sol vent having a
10.  seepsdlvent veatinpaiybiemgfopaiemoving tedaminais Uit onp ORFECIBON ot mPpOonerLts
the first solvent, the second sol vent dissolving any
compriiigst sol vent renmi ning on a precision conponent from
the cleanifigs f)@ﬂﬁgn hhige h cRESinb Mk rhdlbeig d fist sudiveng; a
condensing cotl above the second solvent; and a
sol vent ringiog\eriopbatiDa tinsei tagk 4ot kldipera sgoRd sobfent, the second
ho| di ng a sol vent, m xture.of t.he fi I t
sevsriatans areortg Fudifuf pife L i aR I P sttt solvert

rh8s&oh@RkIvRNt &E‘so@Mﬁ%ﬁﬂ}DﬂtsV\@d)menﬁrbmaihmgmma precaidn component from
further including a heat source and a co(?l I Ng sQ

( . rce
whecianinghienhete Tiwe ik BFOaK s iiaha ceRIEsHgnEPil aove the secomnd
oivegt yapor bl anket above the rinse tank and the
r¥GTet ank such that a pure distillate of the

second, LM RécoverdpAt@shaving heecoverd eémkifnghelding agedvent mixture of
flows into the rinse tank suc t he .| evel

t hat of -t he :
Cibc et sob1ov ARG FIec@eorhlYomb e S CATEd T, PTG oM the rinse tamik
ONELd loggw Qve?x?qh% %c?vérgecalﬂg@lﬁ’ﬂ?&){n&&ﬁﬁg MA@ &olrckNid a cooling
C lon of the Ti

ondentra rst solvent in the recovery
t @lcel Ncreases o er tine causing a solvent mxture
boi li ng. point to exceed the second sol yent bhoij
poi nt W?mﬁﬁlﬂ@d§?t%WBGﬂXT%ﬁ%?gﬁ%ﬁgf%QPXFQQEQ%%%Qﬁ?Mnkﬂzwovethe
MUk SRHEESeR9PS! Bhk Ofhch aihd: Wheurel distilikge afothengeeond solvent
st

source coo e solvent mixture in the recovery taqlk h
t corflenses anfthe sondsobing neil pod flow iaiedharisicieRl suel (ihihe level of the

portion that.is ch vi sual | I St ' | tank,
P L S 0o
r emovegpbfedMich@®nt&faMes ¥ tanfizst ddivent e thal resovergtank increases owver

cl eaning system of claim 10, wherein the solvegt o it
r timowensing @r ol et mixture boiling point to exceed the second solvent boiling po1
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 a disposal tank separated from the recovery tank by a recovery overflow weir, the farst

solvent portion flowing over the recovery overflow weir and into the disposal tank.
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conprises a disposal tank separated fromthe recovery
tank by a recovery overflow weir, the first solvent
w@ooobiom33t | ow ng over the recovery overfl ow wePCT/E81H05/039405

into the disposal tank.12. The bi-sol vent cleaning
system of claim 10, wherein ﬁ{ | east one of the first
sol vent and the second sol vent conprises a VOC exenpt

12, SPhYEMolvdm-clehifiglsteal M&Mintl @ atichdn Sy $dabi@f oftthaififst solvent and
12, wherein the ﬁlrst sol vent conprises a soy based

the se@at welvent doquprisee a KOG efepepitsobedtani ng syst em of cl ai m
10, further conprising a basket for transferring the
preci sion conmponents fromthe cleaning tank to the

13. TI'TRS8i-5a0knt ddanind&skin $0lkckent 1 X; lveRidin ghs Ysstesolvaht comprises a soy
cl aim 10, wherein the cleaning tank conprises at | east

based soleendl t r asoni ¢ transducer for creating cavitation
within the first solvent. 16. The bi-sol vent cl eaning
system of claim 10, wherein the rinse tank conprises

14. arhd sasslvenelsthinpasewmcoft ¢lains docrthérovoneprésing adasket for transferring
cavitation within the solvent mxture. 17. The

the progisieibeQrBP@NREsSENT Hy dSAainerrf (ethgfigsa 8k wher ei n t he
cl eaning portion conprises a cleaning recircul ation
| oop having a cleaning punp, a cleaning filter and a

15. cTrabi-sgvheaie@ningtshsenl ofamimgl @ wheraie tier dedrang gk chmprises at least
first solvent through the cleani.ng filter to renove

one ulFasmiiRasdEceHpY g?at%ﬁgay%wgp@gtﬁp %5 %5W1Yeé’g'i rcul ating
the first solvent through the cleaning heater to heat
the first solvent. 18. The bi-solvent cleaning system

16. oFThebasetvd,clashimgehsiemiod ctaimsliOnghpisin theninse fignki coapriges at least one

ri.nsi ng recircul ation. | oop Vi [NARY punp and a
uasie G b e Ei AP ER T % BRHERE R T

sol vent m xture through the rinsing filter to renove

particul ate matter. 19 The bi-solvent, cl eaning system

17.  ofhe baiseives, clapnsngFystanhof clavsi Hy wheseipdhie £1538Hg RRspion gomprises 2
£ ddl. . t ank :
e S FETATSLE AT, hARGEFEIFY LA HABEL Pkl heatr e

cleaniﬁ%@'uh{pgrééﬁ‘dﬁlaﬁng EheSRIBAELEI entt theouph| thie ricaningt filter fontemove particulate
the first solvent portion and_the second Sﬁ:veq% . to heat
maiteipdid thereleapmng map m01r§%lpv%fhecﬁ@éﬁﬁlﬁaﬁ§§rﬂlg thig clgpnjpgypeater to hea
the firdGoroMierei n the recovery tank conprises a view ng
wi ndow'to all ow an unassi sted eye to view the first
solvent portion as it is renoved fromthe recovery
18. t%ﬂ!c( ‘bi-solvent cleaning system of claim 10, wherein the rinsing portion comprises a
rinsing recirculation loop having a rinsing pump and a rinsing filter, the rinsing pump

recirculating the solvent mixture through the rinsing filter to remove particulate matter.

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



