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vacuum freeze drying in one,pyQcess wthout using a vacuum systang2and
capabl e of recovering | ow pressure gas used in dry clean, and recovering
cl eani ng solution and waste solution to achi eve environnment protection and
energy saving. The aﬁparatus includes at_ | east one drain-to-vacu

apparatus, at [M&EHO M@WEQ§€WO%PWWEMW%IBF&%@%ﬁlgﬁﬁuum

apparatus, at | eagip opgcheft pROANGO b ptRAT Icis VAP X NEL.HSET vEYBEL &R i Ng
cl eaning solution, at |east one heat egress unit for condensing vapors of

t he cl eaning solution, and other auxiliary instrunments, including a
plurality of connection pipes. W) ved- al eaning solution is
used and a drain-to-vacuum progggi“gi qupzlﬁ%orlﬁ‘g]dﬂ%#%e drai n-to-vacuum
apparatus, such that a cleaning vessel, which is not fully filled with the
cl eansi ng sol ution, becones a vacuum vessel having very low internal air
pressure and vape® RrestpEctiyontiAe epbahpPagteoretied, 2rAaRPHE2 Hus

mnim zed influgng fe 20Y; A r e p I I f on the
cl eani ng and vac(puu%e%rﬁ nglrg{%)f)lgrp'aéta‘llsf%fll[rl Tk?(ez%p(?gés{ae‘ﬁf Q{aﬂ%/delﬁﬁ%%‘te%ﬁggbhysi cal
features that boidivegcypenntseotegeneialy 1nh pnéptovess withoseducedng

pressure, that liquid saturated vapor pressure reduces with |owered 1 r
tenperature, arfiVARHIM $6SFERUARY DA P HFFRF AL NHG R TRE R 2FPERaAt ur es
voul d have 3 Pressuidli hieiabicaln DShRelcLDELE ngal L 2h 2o AP « PEESSUT €5,
so that the enclosed cleaning vessel in a sealed State can"be 5 directly
used to performvdciastaestldtypngtorachteve engézeondren ngpradtectdoy and
wet cl eans have been coqpleted theggin. Ther%fore Ye% cleag, d&y cl ean
vacuum heat dr A S S @ SRUARr ed28 IPHT A U B RARDIBT 4§25 RS
process, and | ay¢PiLSeY-Qa@aumlspalQ tuk det cbaak SRE F4&anNge$OLULI ON
and waste solution can be recovered to achi eve environnment protection and
ener gy savi ng. HBACKCROUNDF OF tHHE ANRVENTIONVASuLR PpehRatdls .chéaheagtand
dryi ng process, LS | .y pr.avide ul tipl |.ean i ng
vessel s, ag%\/\heor%ggﬁg%lr:kggéggoils u&lgéa/méejo b‘g%?gi g}{ﬁgolgr gsr?g?lelrr?ae%{)%% a next
wor k pl at form fare#i yhggsoFatianf,i aitshec s20 givedieit Hdiess i bepdr
deterioration, vacuumdrying is particularly needed. Wen a cl eaned

fini shed productoidendyBE YAPARE ekpdierierat ndspher biopr wdl Ather

contam nat ed byaLP;@{HQl:gs 298t RumbiUS, T L fesidabl e 4o, develop ge met hod

to conplete cleaning an
connection pipes. A low-~dissolved-air cleaning

20 solution is used and a drain-to-vacuum process is
performed on the drain~-to-vacuum apparatus, such that
a cleaning vessel, which is not fully filled with the
cleansing solution, becomes a vacuum vessel having very
low internal air pressure and vapor pressure from the
25 cleaning solution, enabling a minimized influence of
any air pressure on any operation performed on the
cleaning and vacuum drying apparatus. The present
inventionemploys physical features thatboilingpoints
of general liquids lower with reduced pressure, that

30 liquid saturated vapor pressure reduces with lowered



25 vacuum drying of a workpiece in the same one cleaning vessel wthout the
need of " using an expensive vacuum systemand to |argely reduce rel ated
manuf acturing costs. 30 It is a compn practice in a cleaning process to
use 2 1 r chemcal solutions to clean off residual substances on the

wor kpi ece surface, such as particles, oxides, netal inpurities, oil filns,
etc. It is possible that hazardous substances | eak due to vaporization
during 5 the cl eaning process. Such hazardous substances tend to expl ode
and cause fires, resulting in serious danages and | osses and adversely
affecti ng oper atemperhéalreh anfhtheftorwp wacheanvegseyst em dsffigrentl osed

vessel s has advant ages ,of reduced cons %ion of chenicg%.%? sol uti gns and
bure vater, and?BHABET LWEET DRE BF NAI A G IS APERASPEG AL AFAPAEAG. of
wast e water, asp&ewBahe@nwhirhsa teanMaid Wi r QPeds sheasi NgoS¥ahemhkn a

known cl eani ng process using encl osed vessels, 15 an anount of cleaning
solution is int¢odheegd mleam rdcVesed lcl banengaaked| sthie isasebked in a

pr edet er m ned n XLLi i 0 e i ng vesse
removes con?éngﬁgﬁgét%goﬁfgﬁekéuségggggfQgﬁghﬁbgﬁégegg¥§§pf8? Yﬁgugpeaning
is conpl eted, thee@fBecldanimg adtdrd odirys aidi ned adiedhe ¢ladanedewar kpi ece
is renmoved fromthe_cleaning vessel and transferred to another work

platform for dr§?PRgeFRIatRASHET dtr y TOSEAT Procest A AR uuATEystentis
enpl oyed 25 to Jraw,ai heQyt &fgfﬁ, Ccl €A B URS Fele X RIQMLCE ¥ ﬁ?gg‘

therein. Thereafter, a type of gas is introduced into the veSse
chem cal ly reactomplatede imordas qoeodesbHe shdahed-rsedshate oxaslessed t he

surface of _.the workpi ece are reduced.. The c] eani ng s is, then drawn, and
The 30 wor Rl echm 1 SRSt RAR VIt SARE b 10 1 Oe LB id Jet S L SahoELg o

can be recovered to achieve environment protection and

energy saving.

BACKGROUND OF THE INVENTION
15
In a general cleaning and drying process, there is
usually provided one ormultiple clean working vessels,
at where a workpiece iscleanedbefore being transferred
to a next work platform for drying. For a finished
20 product subject to heat deterioration, vacuum drying
is particularly needed. When a cleaned finished
product is moved 1n and exposed to atmosphere, it would
be contaminated by particles again. Thus, 1t 1s
desirable to develop a method to complete cleaning and
25 wvacuum drying of a workpiece i1n the same one cleaning
vessel without the need of using an expensive vacuum
system and to largely reduce related manufacturing

costs.

30 It is a common practice in a cleaning process to use



particle-free surface having a | ayer of natural oxide film However, the
use of vacuum system consi derably increases the cleaning cost. 5 In a known
vacuum heat drying process, a vacuum punp is enployed to draw a worKki ng
vessel to produce proper degree of vacuumtherein. The vacuum zed working
vessel is then heated at a | ow tenperature, so that noisture and volatile
matters in the workpiece to be 10 dried vaporize into vapors that are drawn
out with the vacuum punp to dry the workpi ece. To protect equi pnent

i ncluded in the vacuum system fromtoo nuch heat and vapors produced during
heati ng and vapohrémachdnsolutiionecessalganocfAisralsiidusl i pgpahancenpr essor
system 15 and otrbe{ equif nt _on tg%avc\%r ki ng.vessel rlte.a 'n% t he 1gacuum
punp, so as to TondERstot R GESeSUE TS Sor ST 69 Fqlitd Tkt 2 . O ThF &S prevent s
the existing vagsital heabu flf ¥i 8g, ps DT aSiSLid prathel g taigopdsdesnagnthid® I n a
known vacuum freeze drying process, a workpiece to be dried is first frozen
until noisture MdZ2REWSr EBBEG@WC‘S‘?SF AR duft FsolRRP Bz B oTHRY AR Fer, a
vacuum dryi B9 VEos el dan 4340 4 e D6 00UGECH AL 400 T EHE a hBEST B8
pressure thereof, so that e 25 solid-state water in the workpi ece to be
dried is sublinatedpdodicda ndreausPpfodese vasulitn hg trheednpusgiaresgeks. Thi s
process is di sadv(gg%)aﬁgeous because it uses a refrigerant conpressor to

freeze the wor kPt T HEM PEY Shitf 6 &L L A tebsark&?t hB - vacuum
30 drying vessethipepbeduce VAGMNDANEI L PRt ubhRSARIDsed FebilBs Al
this stage, liquid water in the workpi ece to be dried has not yet been
frozen into thehassl pdvsirdtaggeaandfgasediieem consofmp tieovacdurnaissmst eal
contains s tOurate va§ors fromthe \éa[gorizsd ljquid water. Th%Bsat rated 5
vapors tend‘to TONAEASESi HIQ P SHYE3 Ry He" gﬁi{}%% SR TP U2 pErt s and
conponent s thergpfesAlddeudinddd bxaResisidloF WasitRskakbra fseezhpgrsyst em
before the vacuum punp to freeze the saturated vapors contained in the air
drawn out of thHelVacyuaedvehigonadselren (Heeaolnly y$igtedst woul d i ncrease
accordingly. Therefore, the existing vacuum freeze drying process is not a
perfect design. Wth the existing processes, cleaning operation and 15
vacuum dryi ng operatkneawar eleapamii elno consues edgl Bndilfdseidnte sws ks ng

environments. Therefore, a workpiece or _a product could not be cleaned and
vacuum dri éd i R "aRe dhectraBAPAgSPEYdeon tesdintirRfY fed al gEPyan

| nereased oper aliogocast andaqang derahl e 20chRgonyen ¢nca o hapding the

cl eani ng and vacuum dryi ng oper at’ ons. is therefore trie
i nventor to deuetepetapmivied nehhed amchdappandtisey cggquiegshenti of vweti pl e
cl eaning 25 and vacuum dryi ng. operationsto elim nate_di sadvant a]?es exi sting

in the above- neM$RLRICHRVERL I AP VRF i My aRa FEcEEARIFY P T ERFRi ques.

SUMVARY OF THE d AVENT, M B0ecre. AaBiiFBfNe QDA 0f ilsheoRpaeRl i A¥ENti ON
is to provide cleaning and vacuum dryi ng nmet hod and apparatus for

per f or m ngZ2ful t¢pezndperstlwhsonfi svdiradineehandr yhel slernedotamk reatedr yi ng,
and vacuum freeze d%lxi encl osed .5 vessels in on cess é/vithogt usi ng

a vacuum syst em® ah %gggle@OB‘f t?’ c SIS oWEBPE s%rnp ASUEEd TRt he dry
clean and recoves i Higo €h&aN{;BYKSph HitireRFmaFdh Maite @l ution to achieve

envi ronment protection and energy saving.
Inaknowndrycleanprocess, a vacuum systemis employed
25 todraw air out of the cleaning vessel to produce vacuum
therein. Thereafter, a type of gas is introduced 1nto
the vessel to chemically react with the workpiece to
be cleaned, sothat oxidesonthe surfaceof theworkpiece
are reduced. The cleaning gas 1s then drawn, and the

30 workpiece is washedwithpurewater tocreateveryclean,



10 The cl eaning and vacuum dryi ng apparatus of the present invention
i ncl udes at | east one drain-to-vacuum apparatus, at |east one vacuum vessel
created via the drain-to-vacuum apparatus, at |east one heat control 15
unit for vaporizing or sublimting the cleaning solution, at |east one heat
egress unit for condensing vapors, and other auxiliary apparatus, such as
connecting pipes. The heat control unit vaporizes or sublimates the liquid
or solid-state cleaning solution 20 in the vacuum zed cl eani ng vessel, and
t he heat egress unit condenses the gaseous cleaning solution in the
vacuunm zed cl earmngrebsséireensorifipgd Hagnnsoli dageat efchzbnrad svrdei on.
The drai n-{ o- vacuim anpar 8 Ususes. ! ou: di SSelyadh Aly. Sleaning sol pjgn and a
25 drai n-to-vacuum process ?o’proﬁuce vacuim 1’ the cTeani ng vessery so
that the cleaningcvessek bReoresamivacwostvessel having very |ow internal
air pressure and vapor pressure fromthe cleaning solution to mnimze the
i nfluence of air pressure on the whole 30 process. Meanwhile, the present
| nvention uses 1€ GenouRNySLGah HERLURES AL AULIN0 PUNLSuRT HERBCT
liquids | ower wth reduced pressure, that |iquid saturated vapor pressure
reduces with | cinereepeyedrtat dreaw andotrhahgt wesvadutm vesdetbs wfodetf er ent
5 wor ki ng tenpq;aturesfﬁpuld have ressure differential between their

S

saturat ed vapor®p?eSSures, VanaUls rl(:o_ntT _ Yﬁ?‘t‘u'aﬁaeﬁea‘fo’é]@"r’égs uni t
to regulate tenperatyr esand AR tULSSUr £ 1971 denble Mam Zede gl eani ng
vessel, so that the heat control unit may 10 introduce | owtenperature heat
energy or wast endvesituferantevol edniliegmaditgion i eftte orp sk mbekpi beebeo
absorb heat .of yaporization and pe vaporized into gas. Wth these
arrangerrentflg, #@P%‘ﬁd’%?fﬁ_ﬁaﬂ%?o aac‘g%?ﬁﬁtéﬂﬁt(ﬂrﬁ §_,awz§1r18u\’fa‘c‘fi']g?h Fh8eze
drying can be coiphehehmih £Bidryl2nchRosRpB cORE Chreat HPe¥esifliphadtt he
recovery of |ow pressure gas used in dry clean and the recovery of cleaning
sol ution and wastel vdedt  bnthanvaryympeyadteme vapn 2o qnvttlerhedf ezndof t he
present invention is_to_provide ¢l eani ya m drying net hod apd

appar at us that'Y%E?E%sgggg gegﬁéﬁg€§5¥q%?%ggn o%gglg?ﬁ%ﬁﬁgvﬂgg%T’b§gusing a
general draw Nt PuiEEdss 4 LPuae i ke A TSUTE ddir #n 6 eRIndsrd OYBF HKLS6Eh

i nstead of using a vacuum system 25 Wen vacuum has been produced in the
cl eani ng vésselanqd RERG R RAHPIRBEPT Pt M bl RAC RT3 @uhT NN Gessel

having very | owdat &hNaln irs§5%5§8r§o§?gn¥@peﬂ PUESSURE VAP uged, py the
cleaning solution 1 n the c1ean|ng vessel . herefore, the 1 nfluence of air
30 pressure on Naguwidnweeedr dr yTings gtk vastisnthe eexies di ygngacuumilseatni m zed

to effectively reduce costs of the cleaning and dryi ng process. The present
i nvention rel at¥Y R PEAREAY LRA™VREIDR 5 cﬁ%ﬁ%gd%%i%bd and apparatus for
performng nmultiple operations of wet clean, dry clean, vacuum heat drying,
and vacuum freeze drying in encl osed vessels in one process wthout using a
vacuum systém Bnd dapabt evaduumchHrveekpgdrgingr pssges gas wsakpretcde dry

clean and 10 recoveri cl eani ng.sol ution and st.e solution t.o achi eve
envi ronnent pr oﬁ%\é}f’?gﬁg‘dﬁfeeh%r g)]/ r§'§vui %n@‘?zefﬂe u\gﬁé&ni’ﬁﬁl %&hrsac}@un'fla‘l?y;/ng

apparatus of theg pEesest i 8vVepben iRebudes il Jteasd. ong i Medp; vacuum
vacuum drying vessel 1s drawn to produce vacuum and
reduce internal pressure thereof, so that the
25 solid-state water in the workpiece to be dried is
sublimated and drawn to produce vacuum i1n the drvying
vessel. This process is disadvantageous because it
uses a refrigerant compressor to freeze the workpiece
to be dried and uses a vacuum pump to draw the vacuum

30 drying vessel to produce vacuum therein at the same



15 apparatus, at |east one vacuum vessel created via the drain-to-vacuum
apparatus, at |east one heat control unit for vaporizing or sublimting the
cl eaning solution, at |east one heat egress unit for condensing vapors, and
ot her auxiliary apparatus, such as 20 connecting pipes. The heat control
unit vaporizes or sublimates the liquid or solid-state cleaning solution in
the vacuum zed cl eani ng vessel, and the heat egress unit condenses the
gaseous cleaning solution in the vacuum zed cl eaning vessel into liquid or
solid-state 25 cl eaning solution. The drain-to-vacuum apparatus enpl oys the
principle that &rPrpqui@thiehynts $agemi M@ hdurriee r priedd@ ¥ord pdistian tohe

cl eani ng sol utign 4, Lhe, £LSAN N ¥§R36] ¢ 30 N3 dNenel €891 00 Y egse
becones a vacuumvessel having very low internal air pressure and vapor
pressure from thrdeaeadragnsol b Edthe TAeuvuarsy sstem kowtiantrer sakuabtepr essur e

exi sts because air dissolved in the cleaning solution diffuses through
vacuum zed voIuﬁ%pPﬁstﬂﬁoﬁﬂgﬁﬁVﬁEQRﬁﬁﬁﬁ]ﬂﬁgﬁiiﬁétFFquiHhF%SﬂFHFﬁESdfrom
the enclosed; cl gapbRg VES§&o LORIAMUICE NMRCHYBLE 1N BaclhEl 8{9kem the
use of such | owdissolved-air cleaning solution as the cleaning solution in
t he drai n-to-vataudapageeparits heldpfadmpanen b nizéngofhe Ahthoegbe1df air
pressure on the, whol e prqcess. Mea ile, .the present inventjpon uses the
Dhystcal 10 foatfr B8 ERET Shid i Her BAThe 8 SFSGEEnI=S el ot Rer Tt h
reduced pressurgachiat phinglitd g3l aghe/ UL 1Y €SS WL ELJUEER Wi hRd ower ed
tenperature, and that two vacuum vessels of different working tenperatures
woul d have a pressthe i fférenni abtbefweed thenwmidrgandr yesdetapshe
pressures,]ﬂpd g§e§nhe%%é¥nwgg duQiEran%eh%%ée¥gf§slunit ﬁgrrggglate

t enper at ur € and“VAPOP FPESsUTE 1Rst A6 TRE SvaCHiTH ZetP ¢ eant ngTVess6l, so
that the heat ceRérekiwtindyatilimodues 1OV EENRE! BirdicR dieatl s eReEgy ofr
wast e heat for the cleaning solution 20 |left on a workpi ece to absorb heat
of vapori zati onParfieBé ¢#g&§é9zed into gas. Wth these arrangenents, dry and
wet cl eans, vacuum heat drying, and vacuum freeze drying can be conpl eted
wi thin the sane one cl eaning vessel ; and the recovery of |ow pressure gas
used in 25 dry wieanthehexirsadiicg nor of e AR ML @GMIM g/ egset st 1 andahbe
recovery of cleaning solution and waste solution can al so be done to

achi eve envit onWiefit Upr 8E¥dtIDrPREFE BheP g§ r§afrRGras®ih ¢ cted &48ing the

| owe di ssol ved- aiy( pLeanng o rx SRLUL i AhdiEe g a1 N truagHy progess on

the cleaning a vacuum dryi ng apparatus of the present invention,
operations of lyowkpiekeanramp naducindmatd droti g, c2pawetd eheamaandmvacuum

freeze drying, and 3) .5 wet and dry cleans can be |inked to performon the
sane one appara?ﬁé?daﬁ8,%§f ﬁﬁWﬁ]%ﬁ%lc BAtt8e Uﬁﬁ?%%ﬂiWﬁ%HPEngs%“unit,

operations of 4),¥geyym ﬂe@;eggxhn%p@ay@ﬁ?urad‘srtee_aﬁddra@mgld@}ar:%over ing
cl eani ng sol ution and waste solution, and 7) producing a vessel of nedium

10 vacuum t2® r ecngenvehe engwe pres el lgasg usbe il ede1 gy agiceanacanmbe
conti nued direcélg.on t he s%he apparatus . Ceaning and vacuum dryi ng
appar atus 15 Th2 ¥t 84nPR§ 8nd V'dcuum dryi ng apparatus of the present

i nvention includes at | east one drain-to-vacuum apparatus, at |east one
vacuum vessel created via the drain-to-vacuum apparatus, at |east one heat
control unit foftvgpherehgrertwisd brdithaynvRe torcemilayeiersorprPuad at

| east one heat meEh33 g@&tagﬁgrggﬂgeP§Lrgbrforming multiple cleaning

25 and vacuumdrying operations toeliminatedisadvantages
existing 1n the above-mentioned conventional cleaning

and vacuum drying techniques.

SUMMARY OF THE INVENTION
30



vapors, and other auxiliary apparatus, such as connecting pipes. Werein,a
cleani ng vessel included in the cleaning and vacuum dryi ng apparatus 1) may
be separated fromthe drain-to-vacuum apparatus to serve 25 as an

i ndependent vacuum vessels; 2) nay serve as a vessel for dry clean, wet

cl ean, vacuum heat drying, vacuum freeze drying, recovering cleaning
solution and waste solution; 3) nmay be equi pped at proper positions with

ot her auxiliary equi pnent, such as heat control 30 unit and heat egress
unit, depending on actual needs; 10 4) may be connected to the vacuum
vessel s t hr ough® coriiexry ob je pleof Shernmyepentdiieen bbond o ticeebornge

cont ai ner haviqglggrgal gﬁkﬁﬂﬂﬁllﬂﬁe sure; %n%hgh ggxigg qunggge to a
cl eani ng vessel Fhicluddd & anot her ura n-Fo-vacuun1aﬁﬂ%ra?us. th a

saturated vaporppresshieighhfii i piki e falbi bAsd ft RERS P4l ¢ ddivf Eeeange

bet ween the vacuum zed cl eani ng vessel and the vacuum vessel, the solution
in the vacuuni Z6JcEPBdRhgW¥Lddl PRAVARLEBE £ 52868 By hedtl 'ofn¢apsrFzat i on
and produce ;10 yapges o DAl ohL A LOURL ) BROKACHUTLYERSEL Suudney Beah eor ess
units are provided on the connection pipes between'the vacuum zed cl eani ng
vessel s and t heavdotapabiesef seaioyr ey lpostiprossute canders: igasbeus
cleaning solutign into liquid cleaning solution that. 15 1s thgn recovered

and stored in t%ﬁyvﬁﬁﬁaﬁ198§sﬁﬁgpv?ﬁé (ﬁﬁﬁﬁqﬁﬂﬂxﬁ%g%ﬁ§°8!§8 b82fs&d to
recover | ow pressuf;@.8astdSeehidvihendi ¥ohimeaR. ptBtRerimThRG thergy
operations of vacuum heat drying, recovering cleaning solution or waste
sol ution, usings20ihgw di ssol ved-air cleaning solution, and producing
nediunlvac% m vessel s, the heat control unit provides a tenperature range
on a gas-liquid equilibriumcurve of the cleaning solution. And, in _
perform ng the eperatdom Qf MacydBufee2ei YA pidard PEsEAtheOpLEQbn25 UNit
and the heat egress unit provide tenperature ranges on a gas-solid

equi l i brium curveventepe chiagdiugpssolalt i dieastherpntehe dladant be~dagduvBicuum
dryi ng apparatus_includes 3 luralit f..cleaning vessels,  the

cl eani ng vessel%pgira%ggd Sg ?ﬁ 3%cgﬁﬁé% §H“8yV%%Sﬁg 6 eé%fﬁhﬁﬁ?aﬁggs, and
wor kpi eces can dgal harst-eidatiraipit 45, Cd e NGt VeSS ehSabycosraRS10f
conveyers, so that a serial multi-vessel cleaning and vacuum dryi ng
apparatus il® 5 PpRrobi e DFPAridl Ddcuti appet ittt THe BR&I nctB20aBdum
apparat us provi S'Sfuﬁlkh“kail'di)éaég 'h’?e%t"él_;‘f%s%opkﬁ‘e' ebENCL 4880 sThE |1 1K
pipe is connected at twd ends to a cleaning vessel and a | ower vessél that
have a rel ati vevapogbt, dahber enterbetwedn ithem RBotdrithescl eanchg wessel

and the | ower vessel are enclosed vessels and can_be sealed in a
predet er mi ned 18°RBARER NITREPRSwer THEsBBRtcGANHECLedN2E YABCRAZ SSneleased

volume and |1 quiGpsyLEacs ELASSTRPL b@Ns8188-5tiRe & PUER1%ESSE uksoROl
fully filled with the cleaning solution, and has internal pressure that is

set accordi2g ton neny vieaotwonszed il arth ngg tvwes el atand tA@ hemgheégdefsker ence
bet ween the cl eani ng vessel and .the | ower veiselh t he pecific.grg¥ity of
the cl eaning sof®tFoR°RSER ST (HE JRIRPNY § Saﬂﬁfﬁnﬁé;ﬂﬁﬁﬁ?oh , “t'fe

vol ume of the c|gaping-weseekandand BE sl ¥ARLO 1 fhedl OWeSoVESSELatEOr the
cl eaning solution in the 25 cleaning vessel to be conpletely drained into

the | ower vessetlehpangraokhebenng Bt driadm Has waryun gpraratiys usgravity
and t he reIativF height ifference beﬁmeen the cle ninq}vesselcgnd t he
% vecf C 1on an a

. w=d O —=ai eahil solu .
| ower vessel is very §RQTV ST T oner vesséFJusuaIIythas i nternal pressure

that 30 ismuichatever tbhadifin AabrRSRRE | Eopressdii€e Wtcu@Merin the
cleaning vessel, so that the cleaning vessel becomes
a vacuum vessel having very low internal air pressure
and vapor pressure from the cleaning solution to
minimize the influence of air pressure on the whole

30 process. Meanwhile, the present invention uses the



12 vessel is connected to a drawi ng punp for draw ng the cleaning
solutioh out of the | ower vessel into a recovery container having nornal
internal pressure or a rear treatnent vessel . \Wen the |lower vessel is in
a sealed 5 state, starting the drawing punp will cause the internal
pressure of the |ower vessel to reduce with the lowered liquid level in the
| ower vessel. Drain-to-vacuum process 10 The drai n-to-vacuum process of the
present invention is based on the Torricelli vacuum producing principle,
namely, a liquid |evel .is maintained under pressure. The | ower vessel has

i nternal pressuPBYERgRL sfeaturssackbrli Pt 2%e AIHES vOTheFgheral

di fference bet C I.ng, VESS h essel . t ific
gravity of theV\%Fgg%iﬁﬁg is((g;?g!trl g?ll,ﬁt%hgjevo urrée gftje%he %%/ban%?lr?gt vggggﬁ,%cand

t he vol une of thethoatedveseapor angries snegul atedubygsneanstiof 1heedeaw ng
punp. After 20 the cl eaning ves is fully filled with the clLeanin
solution and th ﬁmg’ggla&d’,rea’n&“éissgla\}:etlﬁﬁ Y guPaneﬁfﬁéfsi 8 O‘Béﬁgﬁ,retn e

cl eani ng solauti g8rkAnkheemp &AL N8¥aRSEld hhows bheadah dderFLpknphRg 1 NtoO
the sealed | ower vessel , and the pressure in the sealed | ower vessel rises
with 25 the inchesyergy theani srtedptefompryh@arasruceeard g usssubeel st ops
flowi ng, a sti Iclzoggir%rl]t Elpl(-;.-rteofanids thré% hei hx_:[esosf txﬂ%gl egni ng_sq utti on t hat
coul d be mai ntaine y final” |i"quid surface pressure n e seal'ed Fower
vessel 31. Thergampekatifie bWHld/&a@dt prdddicPineside 30nel vsedunndetine
drawing punp is started again to draw 13 t he cl eaning sol ution out of the
seal ed | ower ve8kepnipgo Mafsekcover Fhednttdineredt cloatry @neht et
vessel . whj i nt he s d.lo e . is
regul at edNtbl(;%nf alcl}]?f"?gpgﬁengﬁ% (gécwfgé%$§\g%§ Eggtﬁe%ael & nﬁ%%t%eﬁggltean and
vacuum heat dryfag tWer lidsmn iol @aoilng 1ard 1 eEFausm L ipinke iappakat assokbt he 10
present invention is set for the operation of wet clean, the _

| ow di ssol ved- aPP2E| ANYHECEbFALEOR aRd PReVIPAFhZzes- YacqulrprocBishare

used to produce ¥aguumi the &l eani ag, vessel.depanding, on aghiah ngeds.

The vacuum zed cl eaning vessel 1s then used to performthe 15 operation of
vacuum heat drydngingQ dridvaanynr £sedualdnynirss uae s compdritedol vBnh in the
cl eani ng vessel js vaporized and recovered tgo the vacuum vessel , and the

cl eaned and “dri BRSWSAKIF eRR°i SR H ViRE 8P e AnlPBorfSHRREY oRTby
particles. 20 Ljpkedrweludleqyy antsy@ciinyiyeeietr Wllf the recovery

of cleaning solution and waste solution can also be

achieved.

20 Another object of the present i1nvention 1s to provide
cleaning and vacuum drying method and apparatus that
increases the degree of vacuum of cleaning vessel by
using a general drawing pump to reduce the pressure
inasealedlowervessel insteadof usingavacuumsystem.

25 When vacuum has been produced in the cleaning vessel,
the cleaning vessel becomes a vacuumized cleaning
vessel having very low internal air pressure and vapor
pressure produced by the cleaning solution in the
cleaning vessel. Therefore, the influence of air

30 pressure on vacuum heat drying and vacuum freeze drying



The | ow di ssol ved-air cleaning solution and the drain-to-vacuum process are
used on‘ the cl eaning and 25 vacuum dryi ng apparatus of the present

i nvention to produce vacuumin the cleaning vessel, so that the vacuum zed
cl eaning vessel nmay be directly used to performthe next operation of
vacuum freeze drying. Thus, the operations of wet clean and vacuum freeze
30 drying could be perfornmed in one process w thout using 14 a vacuum
system Linked wet clean and dry clean 5 After vacuumis produced in the

cl eani ng vessel of the cleaning and vacuum dryi ng apparatus of the present

i nvention through miei g 2¢@-teoe Vheativedocesduge it stes efrirfex cil g ntitvg

vacuum zed cIeaQLQg vessel _and a gas vessel for the dry clean operation is

opened for cleanlngdfgl§§$%ﬁ$%?magas vessel to flow into thevacuum zed

cl eaning vessel via a connection pipe. The valve is then tinely closed for
t he vacuum zed cl eaning vessel to have | ow gas pressure therein . After the
dry clean is cofpPePEgseatyanvenddrtfecie it efetel ehfrRgngedsd vary Yhe

vacuum 15 vessel, | ,QPaRadoanhd hgpsgﬁﬁeiugg £39 mﬁ%%ml{qetmwﬁggé nto

t he cl eaning vessél via a bottom side thereof etheliqud el in
t he cl eani ng veepelrartigsess ofhest olearesduyec téaanivarcwas hes tgdaduald y
recovered and stored in the vacuum vessel .. After thf 20 clﬁanlng vessel is

conpl etely fill8FIWERYE THRERAT gt ¥oPHt F8n e VEERBRnBct g he

cleani ng vessel p18.bRE VaEHIRLY BE96lg iasvﬁlcg%%fjsE%t%gﬂpla%tcﬁctalﬁ%_}:ﬁ%;%‘fery of
the | ow pressure gas used in the dry clean. 25 Lowdissolved-air cleaning

sol uti on When t hecdrvaim-nom-lvatuune processa s S asdd orihae iyl edmiamg aadd

vacuum dryi o 20paLays of Lhe. pLesell NS 2! Q0 0ES YRPHIMD

achieve environment protection and energy saving.

The cleaning and vacuum drying apparatus of the present
invention 1includes at 1least one drain-to-vacuum
15 apparatus, at least one vacuum vessel created via the
drain-to-vacuum apparatus, at least one heat control
unit for wvaporizing or sublimating the c¢leaning
solution, at least one heat egress unit for condensing
vapors, and other auxiliary apparatus, such as
20 connecting pipes. The heat control unit vaporizes or
sublimates the liquid or solid-state cleaning solution
1in the vacuumized cleaning vessel, and the heat egress
unit condenses the gaseous cleaning solution in the
vacuumized cleaning vessel into liquid or solid-state
25 cleaning solution. The drain-to-vacuum apparatus
employs the principle that a 1liquid height is maintain
under pressure to drain the cleaning solution 1in the
cleaning vessel, so that the cleaning vessel becomes
a vacuum vessel having very low i1nternal air pressure

30 and vapor pressure from thecleaning solution. Thevery



30 vessel, the liquid |level of the cleaning solution 15 becones still in
the cl eaning vessel and covers the heat control unit provided in the

cl eaning vessel . Wen heat energy is continuously introduced into the

cl eaning solution, the liquid surface of the cleaning 5 solution becones
boiled. At this point, air dissolved in the cleaning solution diffuses into
t he vacuum zed vol une of the cleaning vessel . The cleaning vessel is now
in a normal pressure state, and the recovery contai ner having normal
internal pressure is used to 10 collect fromthe cleaning vessel the

air-di ffused clleanismgesoial iadiy. PTRE stumeperasiisebeapyes eoh 1 rivks heat vednt r ol

unit is on the gas-liqu d equilibriumcurve_of the.cleaning 15 sol ution.
Since the boi |ty 6T LI IS SPLANTRE Sordti g ISt TeTHE: #8uced

pressure in ther€l @asingtessitdani e V¥ LSSENvhieRVERE i1QURY 1M F 0WEQ
| ow-t enperature heat energy or waste heat to vaporize the cleaning
sol ution. The ci%RMi Rgevessdrspsy Peanvpd vESSERIhAP PF U4 eg gercuum

cross- sect i an aned: 8ot herdL Ukl SU {ags ddoerela §8,2AUA Al L app cased

vapori zation area. Vacuum heat dryin en the drain-to-vacuum process
i s inplenmented @reahengl ealivigandavadiien di gang nappss bt usoof itrhetpeesent
i nvention, the cleaning vessel can beconme a vacuum zed cl eani ng vessel

havi ng very | ovf¥3ter h8r VArr vy BSOS 3¢ Saf@ Wby 10t SEtr®t £ 1 0% the

cleaning sol uti{f1dénce of air pressure on the whole process.
Meanwhile, the present i1nvention uses the physical

10 features that boiling points of general liquids lower
with reduced pressure, that liquid saturated vapor
pressure reduces with lowered temperature, and that

two vacuum vessels of different working temperatures
would have a pressure differential between their

15 saturated vapor pressures, and uses heat control unit
and heat egress unit to regulate temperature and vapor
pressure inside the vacuumized cleaning vessel, so that

the heat control unit may introduce low-temperature
heat energy or waste heat for the cleaning solution

20 left on a workpiece to absorb heat of vaporization and
be vaporized into gas. With these arrangements, dry

and wet cleans, vacuum heat drying, and vacuum freeze
drying can be completed within the same one cleaning
vessel; and the recovery of low-pressure gas used in

25 dry clean, the producing of medium vacuum vessels, and
the recovery of cleaning solution and waste solution

can also be done to achieve environment protection and

energy saving.

30 In brief, by using the low-dissolved-air cleaning



Utilizing the principle that tenperature difference results in saturated
vapor pressure differential, the vacuum vessel is connected to the cl eaning
vessel, and the heat egress unit is nounted at a proper position 5 on the
connecti on pi pe between the cl eaning vessel and the vacuum vessel to
condense the gaseous cleaning solution flow ng toward the vacuum vessel
into liquid that is then recovered and stored in the vacuum vessel . 10 The
heat control unit of the cleaning vessel provides heat of vaporization to
vapori ze the cleaning solution |eft on the workpiece being cleaned. Wen

t he tenperat ur es@futhenheandcothe oldumin-keepscunohanyedessd the theer nal
pressure of the_ cleaning vgfsel does, 15. not chang& anyflq: er, it means t he
tenperature andte T APePRS VHRLUL Y B P hBPRPE TN Vessar RF2SBACTt he
gas-1iqui d equiihbshdnbeyr ¥peeh thilm < bgan)ngesobuthanankfvibeunnkes pal
pressure of the cleaning vessel does not reach the saturated vapor pressure
at 20 that tenpifeinge, 21 heehorkprecrnd ovaeudri breesal dr¥bsarba2PAe3heat of
vapori zation fr the ro Lo i | eaning ution

| eft on the@Mor %%é%gipﬁ$écg%%%fnggﬁg+%'5@3%%??%5?ﬁg&%ﬁggﬁ?hghgoféﬁ%on | ef t
on the workpi ecené adaxhted; dhe, dyovei ngrieanethridS @l iuncitphadoieptessur e
differential is utilized to drive vapors to flow toward the heat egress
unit on the corfPREEFBNUPHFe EBRFEHET T O% e VASHHR VIRRBICTYEDBIrhal the
gaseous cl eani ng, sQlt¢ Phe b8 &lgynpﬁgseéi) IV A G @ndh i hgy &covepgd and
stored in the vacuumvessel. 30 Tn thi's manner, the internal pressure of
the cl eani ng 17and wesstsd sicd wdliway s amed M) g nediud ongra viears ¢lhe fsa¢dr aned
vapor pressure atthe vapori zation tengerature. Si nce eneQ?I Iiﬂuig has a
boi ling poitft tYBEUFBWE? FSFARET ddiR 6@ HrRIF Y St ¢EnEFE BRIt may
i ntroduce 5 | ovg{goReral Wee Redl el axr%rce/ﬁ%f. PratsiMe AL FZeuthe

cl eaning solution. Wen the | ow dissolved-air cleaning solution is used as
the cleaning solution in the drain-to-vacuum process, 10 the operation of
vacuum heat dryij is not i,nfluenced, by the air pressure, enabling a nore
stabl e pressur e=tFREbPe H—BERRTe “Hfetves3el and the vacuuni zed
cl eani ng vessel and the use of heat energy of |ower tenperature. 15 Vacuum
freeze drying By using the | owdissolved-air cleaning solution and the

dr ai n-t o- vaéuunfipe cdemnion eing ¢headmrdrahag arRramg Pos griyithg rppaeatus of
the present | nVan L 2R; oXacUl £al De R 0guaeq 1 0 he (6l.ganing yessah f or
the sane to becone a vacuum'zZé gleanlng vessel having very Tow Internal
air pressure af%)lyﬁia@tuﬂr,eﬁﬁuléafstoﬂhéh@aQﬁﬁﬁW@gséﬂﬂ@féalﬁedTbEaheHé

n

control unit and the heat egress
drain-to-vacuum apparatus, at least one heat control

unit for wvaporizing or sublimating the cleaning
20 solution, at least one heat egress unit for condensing
vapors, and other auxiliary apparatus, such as
connecting pipes. Wherein, acleaning vessel i1ncluded
in the cleaning and vacuum drying apparatus 1) may be
separated from the drain-to-vacuum apparatus to serve
25 as an independent vacuum vessels; 2) may serve as a
vessel for dry clean, wet clean, vacuum heat drying,
vacuum freeze drying, recovering cleaning solution and
waste solution; 3) may be equipped at proper positions
with other auxiliary equipment, such as heat control

30 unit and heat egress unit, depending on actual needs;

10



25 unit of the cleaning vessel provide tenperature ranges are on the
gas-solid equilibriumcurve of the cleaning solution. The heat control unit
controls the tenperature of the workpiece to be dried. That is, the heat
control unit is able to | ower the tenperature of 30 the workpiece to be
dried to a preset tenperature and 1s provi des heat of sublimation to
sublimte solid-state cleaning solution inside the workpiece. The heat
egress unit controls the pressure inside the vacuum zed cl eani ng vessel
That is, the heat egress unit is able 5 to condense the sublimted cl eani ng
solution into sdlitast e cbearictgdotat tbe armcwwnpresisgd shebbhrofigh
sublimation to sublirrgte t he soI_idEEstate | eani n g:ol tion left in_the
vacuum zed cl eaRPNgeV&es88 PHFS )hem%%u}lggecﬂm ST Y9 222° 8PV FRY a

wor kpi ece to becghtgdner hh¢isheaBrRglveaselnalWbersidha & enprr a)ungyof the
heat control unit in 'the cleaning vessel keeps unchanged and a rate of
sinI i mation equat tNREEhEE BP TOHRARBRFIOIESTRL Jr'hFéPgald pReaBAFReSf the
cl eani ng 15 .ves woul d l.ongey....That _i_s, e ture
and the int e5r naﬁgé%ﬁggﬁr gggu%q'ﬂgggﬁaeg%i)éﬁé'veg{sleﬁh a%e Sgﬁcut‘%e eg%s%é%?d

equi | i brium curyeedtuirbedckeamiend isdl dueotio Ntaimpdrea tenk AoNfedenydi t 1S
at the sublimation tenperature set for it, and if the 20 pressure inside
the cl eani ng veR8EregBekhRot2FeEBhZeReCLSRAr R0 SFSSdr 2PFesBEr B2 G U hat
tenperature, the,woLKpi gce stoq\P@l?ﬁ 60t fOW d-aRROLR L BeeSHRLGRLL R, heat
fromthe heat control 'unit to sublimate the solid-state cleaning solution
on the workpi ecestcafiseth theahasebubed’ clfesmipog isad ut ownandopcodticaue t he
sublinmation while there is yv-ery, | ow ai ressure in the clegping vessel,
the heat egifessVERPES habetl o8 LORAERSEEHE PP Ui BaSPS L8ubl f REt B &l eani ng
solution into sghidsst afft$0athaty Adie ddd ebnal c i egsuhe &fi dhepeheani ng
vessel is always 30 maintained |ower than the saturated vapor pressure at
19 the subl i na¢twaenchipevaarwni 7&e dewn contver sabs and thkl eacoufr eeze

t he workpi ece to be dried to the | owest eutecti oint .of the 5

conposi ti ons ofv?ﬁﬁegﬁr kpFed® O RT ¢ r%°%bﬁ+8850f E?rpe%‘%‘?%ﬁnf‘ﬁe 9OFRPIEce to
be dried wth theehgahgCOBL LR dWiitntd U ilguiRECASSHInd OsPT€VEBh EREL

i nternal pressure of tﬁe whol e cl eani ng vessel fromreducing with | owered
therr{)er aturé 5anp|1$e§mtani mgqowqmm@t;ltgtgfed?ﬁen tltt@e mwref:‘eesqﬁhlg; f the

eat egress unit, nmust_vaporize or.sublinm e.cl eani ution t in

t he cl eaning ve@s‘%l Yo the ‘ferﬁse?lnsa’tl RVE: ora%psroeséol?r eGSF%?hgch%%%?‘ﬁﬁgvessel
to be larger theswtpeessticayad vopan Pressdre elebhe tenpssotoreiagt for
the heat control unit until 15 the workpiece to be dried has been frozen to
a tenperature |oher aHrRFians ot vaguad i Bepsi MrYiRber T9ROV®FkPPece to
be dried has begn frogen, Lbilt@spected theddaui ddnsids,ihe yorkpiece
has big 20 crys at“size to orm eye-visi ble coarse crystals. The coarse
crystals | eave bbg-dokdslivied-ha mockphatagafdeiruthey, hanel subbdwat agd,
allowing crystals at inner side of the workpiece to keep sublinmating and
therefore enabl TRgL 4R ERAUHECHCEFGLAg ERPiRPRRSPNFRAL, URhE BECYLARPI ece to

be dried is preéf{é}ﬁ?@rﬂggﬁé Pgﬁgg'_ozpraea%lg-qlacf@iah:_f'qdpﬁgﬁﬁfal c\!ﬁgvé”

cl eani ng solution and the drain- vacuum process are used to produce
vacuum i n t he cofarhrg vksselnpefsarlartpiesd or nAng ,t hen veerdmrimigar etdeyi ng.
30 20 operation of vacuum freeze drying, the heat control
25 unitand theheat egressunitprovide temperature ranges
on a gas-solid equilibrium curve of the cleaning

solution.

When the cleaning and vacuum drying apparatus includes

30 aplurality of cleaning vessels, these cleaning vessels

11



When the | ow di ssol ved-air cleaning solution is used as the cl eaning
solution in the drain-to-vacuum process, there will be only the vapor
pressure fromthe cleaning solution existing in the vacuum zed cl eani ng
vessel . 5 Thus, the operation of vacuumfreeze drying is not affected by
the air pressure, and both the sublimation and the condensation of the

cl eaning solution inside the workpiece to be dried are controlled by
tenperature . In the case the heat egress unit includes neans for 10
speeding up the flow ng of the gaseous cleaning solution, the gaseous

cl eani ng sol uti 6ANchAl dnEEFFONNEIHRD RBOIMPRE 0 € YdFeUGuVekVeStoandcer ease
the rate of vaCyuRLLseeas diyhnfe 13a2Rddh: Ul LiokeSSGled@CUNTLGE AEZE
drying In the seria Tul ti-vessel cl eani ng and vacuum dryl ng appar atus of
t he present inveatseds the hesngowifr oboumelyeans t heof itisat claeanemgavesse
serves to pre-fregze 20 th%ncleaned morKgiece to be dried under nornal
pressure, the sBEONY ¢EEHH NG ML I R AP FRPT AFY &P Et BPPRTRYEh *the

| ow di ssol ved- ah¢o¢higani.ng sol ution and the drain-to-vacuum process are
used to produce vacuumin the cleaning vessel and serves as the cleaning
vessel 25 for perform ng the vacuum freeze drying, and the third cl eaning
vessel serves tg output the workpiece that has been dried. After the third
cl eani ng vessel ernal pressure and the dried

wor kpi ece is renoved therefrom it is treated with the 30 | owdi ssolved-air
cl eaning solution and the 21  drain-to-vacuum process to becone a vacuum
vessel again . AheefrEHd vin Kprekemnt PP it et RASVBEES & ozehk PRPEs
expected t ligujd _insi h wggggfe . hig crystal.size to form
eye-visiblgﬁ%oaﬁgggggyiﬁgfg% ?ﬁ% coa%géngéﬁgéélST¥%EV£1§#9%VH%%San t he
wor kpi ece aftercohagcliadeatubhbnahéd, tald @licahory siedsseataridipel osede of
the workpiece to keeg sublimating and therefore enabling an enhanced drying

efficiency. Thu¥®SER _F\B?ﬁp?%t’@ ‘i‘cfebleam'i"éd“’r"sgbfeq’f?Bﬁéﬁnﬁﬁdﬁ?tHSPﬁ‘al 10

pressure and th@ﬂe@‘t‘bj 86ERALhQ YACUWIS QRZE: O VARG ¥t £5 L Pe wRLkRI ece to
be dried is cleaned in the first cleaning vessel , the heat control unit is
act uat ed under aoersmlclpyesduree sted spard cagdze skelad esbr kpiEoedé bebmideded. 15

Then, use Iom#tenBerature and | owdi ssol ved-air c] eaning, solution_and the
dr ai n-t o- vdcuunTpPBEEss t 61 Fr cLRIERT vA&AFRT n e PRr sﬁe%%‘gniaﬁ@jov8§§el ,

open the vacuum yakug sad, SEifle LGy WOLKPHES R D DB rBEE It id1Eas @GN
vacuum zed cl eani ng vessel, close the vacuum 20 val ve, | ower the

t enperature of The lwwé&pieseséd be ndrti ddi et dwlilledd sottdcthe pbeaniol t he
wor kpi ece, and geéf%rn1the vac um freeze drgig%f After the vacuumifreeze
drying is conpl 8PLHEPRe vABRUMRAI V& T_F{DENT STHE" Or i B horkpi 88& i s
sent to the thigdcyaauuy zed 2ang epntpgr¥essalcl @th§henacsymyakee is

cl osed again. Wien the third cleaning vessel is returned to normal internal
pressure, tdfe drpédhhiodkpifecenios pefyeah thentik@nima ¥esisednipng Féssel . 30
Recovering cl eaping, selutdon apdovagle saldition, 22y ol Jie &l eanipg and
vacuum dryi ng apparatus of the preSent invention, 3 firs cl éanrng Vvessel

is used as a vapelutabnonseessel ther claperizd nhd hered e@ndpgrdt$6hut,i on or
wast e solution, and a second cl eaning vessel is used as a recovery vessel
for recovering EheaWotrdgnPhgthe glieamidrd Vestel sortidi Bhe TR&UFEPSLi zati on

vessel 1s proviged Yol g dieat cQUL obndntl oLali iR M o hegh he
vapori zation to vaporize 10 The cl eani ng solution or the waste sol ution.
Si nce the tEnhpecatdnend féesanceo bet weepl bhie lyapnai aatiiont v adsel oard t he

recovery vessel results in a saturated vagor,pressure differential, gaseous
cl eani ng sol uti BASFRL{Hee Y &R FI8EN3M A/ESSHIE LD RAFIRFY &M FREESRAFd t he

gravity and the relative height difference between the
cleaning vessel and the lower vessel 1s very small,
the lower vessel usually has internal pressure that

30 1s much lower than the atmospheric pressure. The lower

12



15 heat egress unit connected to the recovery vessel and be condensed into
liguid that is recovered in the recovery vessel. By using the cl eaning
solution or waste solution to 20 be recovered and the drain-to-vacuum
process, vacuumis produced in the vaporization vessel. The liquid | evel of
the cleaning solution to be recovered becones still in the vaporization
vessel and covers the heat control unit. By usingclean cl eaning solution or
waste 25 solution and the drain-to-vacuum process, vacuumis produced in

t he recovery vessel. When the cleaning solution or waste solution in the
vapori zati on ve¥8&8Fe3bisr BSNRESESS BPapofr2HLNEnPHMENT Phednad N"dorkt ol un
t, and the heat.gdLassqiliyCoBARASES e AL SwBE 1 Redl FBBovery
vaporization vessel into clean liquid cleaning 23  solution or s6ldti on
that is recoverednteiniee mhecovey yneessd| inttkenadpmragsatuna vessekeamy be

timely replenished wth the cleani solution or waste solution, and the
recovery vessel Qﬁﬁﬁwfnleﬁetl Vearain tﬁgeg {;é%c}\fje‘?%]a Vas&shi Ag %%mfﬁaﬁea’r
sol ution intp astgeevaita£Ohgithy dPavhRg P\ahPERLI1Nt 84 N3LRSSHEBrnal
Thereafter, the drain-to-vacuum process is inplenented again to nmake the

recovery vessel PEeFaEHEN®§ Il e EREISRdet PHREG@eRVEIh Ghecl edATe eani ng
sol ution or so!y;aﬁgd }QQ@ﬂuy%t{F%t¥g¢éng§%g?% of the cl eaning solution

or waste solution'to be recovere owers w é reduced pressure, the
heat control unit may introduce | owtenperature heat energy or waste heat
to vaporize the cleaning solution or waste solution . In this manner, 15

t he object of il STavkss d energy saving can be achi eved.
Produci ng nedi um vacuum vessel 20 On the cleaning and vacuum drying
apparatus, the | owdissolved-air cleaning solution and the drain-to-vacuum
process nmay be Tseddtaipraduce dunon \facttes 2 edlf ctilea np ngs et Sehgen dne nof

whi ch may be detached fromthe drainého-vacuunla paratus to serve_ 25 as a

vacuum vessel , ARdPa TR GhEPeohRT bt CREThVRSUHERE AU LRGRT 1 REABLRsed

liquid. Since tngmg@gpeaawggldﬂ fifefanae hetwaal (&8 (¥@-¥esseksukesults in
a saturated vapor pressure differential, the liquid left in the vacuum
vessel absorbs Heet loWweraporsgal i bast g rBEraodupeegaseeushdd eans ngesol uti on

that flows toward 24 .. the heat egress. unii connect. to the vagcuum zed

ol eani ng vdssel “4RA" BA"Congondi AT o0t P QuPaLerear g o UTT oHe CHRFEN 1 s
then recovered tRetdc¥ALHYNZE8e Ll HoNitHE 18528 vedsailnNcenthepbei kiipg poi nt
of general liquid lowers wth reduced pressure, the heat control unit may

i ntroduce | ow tenpEravurd Hé®t ErrRagyngrspdste omeatthiteo Wabone zeft hbe

cl eani ng SO|UtI8f left in the.vacuu eﬁgﬁgglumgwggljégt &L 0creasing

tenperature and r%aﬁéPﬁgV€§5§P§i3¥ he vacuun1vess€f € Vacuum vésse
finally contai ngn@ ¥ regulated by means of the drawing pump. After
20 the cleaning vessel is fully filled with the cleaning
solution and then sealed, and a valve on the link pipe
is opened, the cleaning solution i1n the cleaning vessel
flows throughthe linkpipeinto the sealed lower vessel,
and the pressure in the sealed lower vessel rises with
25 the i1ncreasing cleaning solution. When the cleaning
solution stops flowing, a still height thereof is the
height of the cleaning solution that couldbemaintained
by final liquid surface pressure in the sealed lower

vessel 31. Thereafter, the valve on the link pipe 1s

30 closed and the drawing pump is started again to draw
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a very small amount of dry vapor therein. The vacuum vessel is then seal ed
and detached fromthe drain-to-vacuum apparatus, and the tenperature
t hereof 15 islowered again. Wthlowered tenperature,the vacuum vessel nay
becone a vacuum vessel close to nedi umvacuum . BRI EF DESCRI PTI ON OF THE
DRAW NGS 20 The structure and the technical neans adopted by the present
i nvention to achi eve the above and ot her objects can be best understood by
referring to the follow ng detail ed description of the preferred
enbodi mrents and t he acconpanyi ng drawi ngs, wherein 25 Fig. 1 is a
conceptual di agtae shewnag gt e 1ditaioh tdr tv aCHIWR S psE BédISDbwE Bevessel
presentinvention and the nethod ofinp[enenting t he drai n-to-vacuum process;
30 Fig. 2 is a tdhedfuarcavagrarPRhinhiNRY AhEhelwaay fgeasmeghiedaedum
drying apparal Uge 26GRELNG thd LG ANESLH JIVEPLIOF £l 05021 L8 Bofigheept ual
di agram showi ng the serial 5 nulti-vess cl eaning and vacuum dryi ng
appar at us accordesgefloitshe gquesentd | nwefibcoh) thitg nkxts @ycebacept tiak
di agram show ng t he gethod of produci ng and recovering the
|OMFdiSSO|V£%-a??eE6 tPBaning solution on a part of the cleaning and vacuum
dryi ng apparatus of the present invention; Fig. 5 is a conceptual diagram
showi ng the nethod of recovering cleaning solution and waste solution on a
15 part of the el yeandeany andia airm gpea bit gsy ofigt he present
invention; Fig. 6 is a conceptual diagram showi ng the nethod of performng
vacuum heat drying on a part of the cleaning 20 and vacuum dryi ng appar at us
of the present wR¥eNth&N:c1EhBang bhdd vaRRERPIAL) il ags s sbQw Bg the net hod
of perform ng vacuum freeze drying on a part of the cleaning and vacuum
dryi ng appafat (Brefenhel prerehenivfventifon: the gpgragips of wertcepeanl
di agram showi ng e 115} 0gd ah1Relf.arll g,y T resze, doying,gn Lhe seri al
mul ti-vessel cléaning and vacuum drying appardf s ot the present 1nvention;
drain-to-vacuum process are used to produce vacuum 1n

the cleaning vessel depending on actual needs. The
vacuumized cleaning vessel is then used to perform the

15 operation of vacuum heat drying, so that any residual
moisture or organic solvent 1n the cleaning vessel 1is
vaporized and recovered to the vacuum vessel, and the
cleaned and dried workpiece is free of water mark and
contamination by particles.

20

Linked wet clean and vacuum freeze drying

The low-dissolved-air c¢leaning solution and the
drain-to-vacuum process are used on the cleaning and
25 wvacuum drying apparatus of the present invention to
produce vacuum 1n the c¢leaning vessel, so that the
vacuumized cleaning vessel may be directly used to
perform the next operation of vacuum freeze drying.
Thus, the operations of wet clean and vacuum freeze

30 drying could be performed in one process without using

14



30 26 Fig. 9 is a conceptual diagramshow ng the nmethod of producing a
medi um vacuum vessel on a part of the cleans ng and vacuum dryi ng appar at us
of the present invention; 5 Fig. 10 is a conceptual diagram show ng the

met hod of using multiple types of cleaning solutions and gases to perform
dry and wet cleans on the cleaning and vacuum dryi ng apparatus of the
present invention; and 10 Fig. 11 is a conceptual diagram showng the
present invention includes nultiple working vessels that are connected to a
comon upper vessel and a common | ower vessel. 15 DETAI LED DESCRI PTI ON OF
THE PREFERRED EAMBGRENENTSyERRmpresent invention relates to nethod and
apparatus for performng nmultiple operations of wet clean, dry clean,
vacuum heat drying, and vacuum freeze drying 20 in en cl osedvessels in one

process wi thout lsiRga,wgcuym srys‘;rec{ndﬁgdcggggbl e of recovering

| ow pressure gas—useg—fn—the—é?y—tw overing cleaning solution and
waste solution to achieve environnent protection and energysavi ng. |nthe
fol |l owi ng descriEtions,thesane 25 reference nugﬁrals denote sjm |l ar

conponent s ref eff &7t B2 FHUPHES RNt M it i e vais! ©F &g 1

that is a conce@iaah1Qbagm%ﬂéaﬁwﬁﬁgdayﬂﬁgia HATRAILING APPRE abHa saaor di ng
to the 30 present invention and the nethod of inplenenting a
invention through the drain-to-vacuum process, a valve

connecting the vacuumized cleaning vessel and a gas
vessel for thedrycleanoperation is opened for cleaning
10 gasinthegasvessel toflowinto thevacuumizedcleaning
vessel via a connection pipe. The valve is then timely
closed for the vacuumized cieaning vessel to have low
gas pressure therein. After thedrycleaniscompleted,
a valve connecting the cleaning vessel and the vacuum
15 vessel 1s opened, and the c¢leaning solution is
introduced into the cleaning vessel via a bottom side
thereof. While the liquid level in the cleaning vessel
rises, the low-pressure cleaning gas 1is gradually
recovered and stored in the vacuum vessel. After the
20 cleaning vessel 1s completely filled with the cleaning
solution, the valve connecting the cleaning vessel to
the vacuum vessel is closed to complete the recovery

of the low-pressure gas used in the dry clean.

25 Low-dissolved-air cleaning solution

When thedrain-to-vacuumprocess is used on thecleaning
and vacuum drying apparatus of the present invention
to produce vacuum in a part of volume of the cleaning

30 wvessel, the liquid level of the cleaning soclution

15



27 dr ai n-to- vacuum process on the drain-to-vacuum appar atus. Asshown,t he
drai n-t'o- vacuum appar at uses nounted on a work platformthat is generally
divided into three |l evels, nanely, upper level 10, mddle |evel 5 20, and
| ower | evel 30. The upper and the |lower levels 10, 30 are set to have a
fixed height difference between them The mddle |evel 20 includes an

el evati ng nmechani sm 22 for adjusting a height of the mddle | evel 20
relative to the lower |evel 30. 10 An upper vessel 11 is provided on the
upper level 10 of the work platformat a predeterm ned position. A type of
cl eani ng sol utibacpmea eltgdl sirattthe sclatnodgceksselstanrd ¢ovehe tpper
vessel 11. The ugggr vesse] 11 15 is ¢co nectedpgt a predeterm ned position

of its bottom tBSAMAFELT BhHRdF REPIHPRT Wesier15iase "BV e§F g twnhi ERSPhe
cleaning sol utigEatn thErygprelsvessetddohikoys LawabduaLd eanitRg vagsel 21
. An exhausting pipe 14 may be led froma predeterm ned position on the
bottom of the uppepn2ogvessuitiph t §he baauds sbrflaeecfafihrgclesséng2l
dependi ng on actual , nee t e .cleaping solution_in e er, vesse
1 my be |t roRtEei o e PRE e et R R B A B e e s PR S pe 1
t o exhaust gas exithénglédnihg £braviog ¥es5a8ke2lin2bd Ahsecosdunndeal the
upper-vessel pipe 12 is connected to an upper-flow control unit 23, via

whi ch the cl eanVRues| et e iot @i e sisselThel chiegis Thvessifd éBeani ng
vessel 21. An u r-.vessel_ val.v [ oV at 0,pred L.ned
position on thegﬁgpé¥1v%sgéI%%F€e$%fsgﬁg%% quQSHed%?%rﬁ?ﬁ%dg%gé?%ggn on a
bott om of the uppetavessehalh rigomoxordlr dld & emnalbwnas duklkeowsofisklde tel eani ng
solution fromthe_ upper vessel 11 toward the cleaning vessel 21. 5 The

cl eani ng vessel €211pst fERAthE L£ir2bRer MsEtP hosPei gt atdthEvarddl e
llevel 20 of the_york;phatbawmickhe cl eaning vessel 21 is an enclosed vessel
that can be sealed In a predeterm ned nmanner for treating a 10 workpi ece
therein. Inlet and outlet for workpiece to be treated as well as other
auxiliary tools _and instrunents are€$rovided on t he cleaningﬁvessel 21

dependi ng on acTBgl heBREr 2FhE S FFdYLS 1Yw Cohth et binFen88°t BD03tovfd8d at a
predetermined pesh 'JAN Oghla LOfLlE D1 LR SLEQDI R Vessel c 2dahdng
comuni cate the same wth the upper-vessel pipe 12. And, a | ower-fl ow
control uniltS 24sosuprowni.dediatcea phedbbediingedopostt pdn tdre t hkedot ngm of

t he cl eani ng vessgl 21 to connunicq%e &ge sagg mjgh a Iomer-vessek %ipe 32,
via which the cFRAINEAG 20" REFEEI SH ¥ oWl f rORT Y HECIRERT FYF Fesdbl B t owar d
a lower vessel 3lehf¢ahededked ,Predebeiddifd iRASL 080 Glad hen tB¥BGCckEVeEl 30
of the work platform | ower -vessel valve 33 is provided on the

| ower -vessel 25lpiptedpega tture hewdr epegoy oF1vaste pesitt konvabastzehan a
liquid surface 34 in,the_|lower .vessel 31,.to control the_do d, flow of

t he cl eaning so ﬁ i%%e Péﬁgtﬁgléﬁgéﬁrng%vg%éé‘aiﬂ}?%t%efﬁngﬁg rb$e§sel 31.

30 The | owerp vegsekedlnaving £nelfedreessaledtbdbn Giredat?2Qhe liquid

surface 1n order to provide an increased vaporization

area.

Vacuum heat drying

25
When the drain-to-vacuum process is implemented on the
cleaning and vacuum drying apparatus of the present
invention, the cleaning vessel can become a vacuumized
cleaning vessel having very low internal air pressure

30 and vapor pressure from the cleaning solution.

16



sealed in a predeterm ned manner. The | ower vessel 31 has | arge vol une and
provi des | arge cross-section area at the liquid surface 34 therein, and is
not fully filled with the cleaning solution. Auxiliary tools and 5
instrunments may be provided on the | ower vessel 31 dependi ng on actual
needs. The | ower-vessel pipe 32 is connected at an end opposite to the

| ower-flow control unit 24 to a predeterm ned position near a | ower part of
the | ower vessel 31 for the cleaning solution to 10 flow fromthe cl eaning
vessel 21 into the |ower vessel 31. A punp pipe 52 is connected at a first
end to a predet@thihednpoﬁhﬁ(nrkncxmbelbh@t pampaﬁaﬁﬂnel®m5fevessel 31
and at a second _end r np_53. An exhaus rovi ded
at a predeterniﬁ%auig pbeli?%mrﬁéga Wr3p %ﬁe?ﬂgrﬁdakggﬁﬁgg Paél ?H&t i's
not in contact wWhtBuhheesbedn 8t to8 O hLaubkahiing VBERNAl appessure
of the I ower vessel 31 . A condenser (not shown) may be prOV|ded i nside the
| over vessel 31tEepeRdingIshsactBalt ndedr frd main RreRee PPgUrdoR0
surface pressur i sl rawi ng
purp 53 Arave (12 Meaerna AT RPe bt R MR us St O
treatment vessethélvhaviung rss@l ot eralenyesshee g2z eaiud remeshengear
treatnment vessel 51 into_the |ower vessel 31, in order to regul ate height

of and pressures%%”FﬁBnlFhﬁVﬂ“§UFP§€§dBEthV?ﬁE“Wb“EFS@éséEF°3&lq“Adpunp
valve 54 is prot‘!l'mg‘édi@tth%rpESg@b% @awsqdpgé&éaralp@htehsalznggég{alof_the

| ower vessel 31 or the punp pipe 3 to control a flow of the cleaning
sol ution being 30 dramn by the drawing punp 53 to and fromthe Iomer
vessel 31. As nentioned above, the upper-flow control unit_23 is provi ded

at a predeﬁ@rn1%%ﬂ1ﬁ%§Ft?%ﬁt6ﬂlt%%1Fo £ ?h?rﬁ}?ﬁ%%ﬁﬁfﬁﬁ%%%%e?r?il?Sscontro

entrance of the,ghead RAiMd OIo Rt H38pbRiG d EﬁeCéPéQhBQgV%.@@hgﬂx A
plurality of control valves or functlonaF ly simlar elenmenfs may be

provi ded in thelepperot| dwet:omcmirlpme e 28y deplesried. on Hbepal theed.
Alternatlvely, ot her elenent§ rovi ed ta mor with the aUX|I|ary

t ool s and |nstru%%%?s FHehetc nlﬁﬁ vESSel” c%ﬁﬁ?cﬁnﬁzfvggdln t he

upper-flow contie mtlr?.@emal her 698066t 66 E@eQﬁi’@&nﬂﬁ§f|G€§sels&l6BsaS
vacuum vessel s , 15 recovery containers having normal 1 nternal pressure

and the |iRe, d?otocbhegepaéw Jegg T pi b neapsa thef ibemperaeracangl e
joint. As nentigned; 698¥%a1 Iomer sflew ﬁontiogngwt.éggés 20 grOV|ded at
a predeterm ned position on ond of o eanlﬁb vesse} 1%t 8 contro

dr ai ni ng of th&wéemmmwl @qmlmlﬁiﬂe &l RF VerselcPdanPng
plurality of control valves or functionally simlar elenments may be
provi ded in t heSPbwetoplow Eolheolt NRENPE PDegepErdiofg Wi et el ihged.

Alternativel y, QLISL) hSUEMSe Y, b DO SIadk 1 PeUOUkpUE 1D LDE L BUXLEI ary

tools and instrunments i1n the cleaning ves valves in the
| ower - f | ow2coo0nt 104 t Weinipedh thiye D& heondekp £dcke: ®bbetr ey coad d sihisbras

recovery 30 containers havi ng normal |nternal gressure and the li ke, 31
or to the | owertR@sBeptpphe VaPORiZaL¥9RehroM GBLabRah €qirel unit

to vaporize thecleaning solution left on the workpiece.
To continuously vaporize the cleaning solution left
on the workpiece to be dried, the above-mentioned
25 principle of pressuredifferential isutilized todrive
vapors to flow toward the heat egress unit on the
connection pipe connected to the vacuum vessel, so that
the gaseous cleaning solution is condensed into liquid
and then recovered and stored i1n the vacuum vessel.

30 In this manner, the internal pressure of the cleaning

17



As mentioned above, the exhausting pipe 14 is connected 5 at two ends to
the upper vessel 11 and the lower-flow control unit 24 of the

cl eani ngvessel 21 for the cleaning solution in the upper vessel 11 to flow
into the cleaning vessel 21 via the bottomthereof to exhaust gas existing
in the cleaning vessel 21. The exhausting pipe 14 is 10 provi ded dependi ng
on actual need. The drain-to-vacuum apparatus of Fig. 1 can be set to an
initial state through the following steps: 15 1. Obtain data about specific
gravity of the cleaning solution to be used, the volunme of the cleaning
vessel 21, and tvhesedl umeadfvatyise maGweraivesdel owddr skként biver shatrue ekiei ght
difference to be existed between the mddle |evel 20 and the |ower |evel 30

of the work 20 BPRPFIFTTSERGSE EQFPABP L heZPrasSur e ReET 2hB TR quPd "EGr f ace
34 in the | owergygasah 3Liquad P!y Eselgg%a@oqge%ﬂgt Ofo§,8rEh@lcgwer
vessel 31 by setting the punp valve 54 to t he exhaust valve 25 35 to
ON, and the | oneeduessebresgisuae33the Ratseantired unetdmaw ngtpedpcs3 to
draw t he clegnipgwsgl%tlggfd§gnﬁggirear Ireatnent vess glvhaV|ng nor mal
internal pressurd’i ntorthe Tover VesSae Y Gkt I'P 5% prgaetErnlﬁga ME§ui d

| evel is reacheghéncibanliowersaiAvsessel 31, and setting the exhaust val ve
35 to OFF; 32 3. Supply the cleaning solution to the upper vessel 11 by
setting the upper-vessel valve 13 to OFF, fiIIing t he upper vessel 11 with
the cleaning SowhLhopneaig, 24 eRINGd e 5 UPPLY, Oh t@&ﬁkg@w 29 8@l on Lo
mai ntain a |iqui sur ace I n the upper vesse 1°a et er m ned hei ght ;
4. Regul ate the @seS&UCEeahltMﬁsbqundnsuttaeedﬁélnHt&thh@uthﬁbcéessel 31

by setting the | ower-vessel valve 33 to OFF, starting the draw ng pu 53
to draw t hé %l eBRengPEBR L PENF  BAFHHE P%ﬁérd€¥%ggl1319?Etbpf%%eP€SP

treatment vessel, Slhe 0 EESZULE atenta%q id U Gl TAcH, B4 | PeLBE LOver
vessel 31 decreases with the 15 lowered l'iquid surface 34 . en the
pressure at thedianrdnxumﬂac®e$MeentfﬂhécwwacwemseVe§beeached t heepr eset
pressure, set the draw ng pynp 53 to OFF and punmp valve 54 to OFF; and
20 5. Actuate th€*EFBRafS hln?@ﬁ‘alﬁ’i%ﬁﬁeffetlo é&ﬂtﬁg‘te s P&l Beplecherght

di fference between;thermiddie d=8\fle 20 and the | ower level 30 of the work
platform The nethod of inplenenting the drain-to-vacuum process 25 on the
drai n-to-vaduum apparatus of Fig. 1 includes the follow ng steps:

Vacuum freeze drying

By using the low-dissolved-air cleaning solution and
the drain-to-vacuum process on the cleaning and vacuum
20 drying apparatus of the present invention, vacuum can
be produced i1n the cleaning vessel for the same to become
a vacuumized cleaning vessel having very low i1nternal
air pressure and vapor pressure from the cleaning
solution. The heat control unit and the heat egress
25 unit of the cleaning vessel provide temperature ranges
are on the gas-solid equilibrium curve of the cleaning
solution. The heat control unit controls the
temperature of the workpiece to bedried. That is, the
heat control unit is able to lower the temperature of

30 the workpiece to be dried to a preset temperature and

18



1. Operate the drain-to-vacuum apparatus so that it is inits initial state
orin a final state of other 30 operation; 33 2. Fill the cleaning vessel
21 with the cleaning solution by opening the upper-vessel valve 13,
shutting the | ower-vessel valve 33, opening the valve 5 in the upper-flow
control unit 23 for connecting the latter to the upper-vessel pipe 12, and
opening the valve in the lower-flow control unit 24 for connecting the

|l atter to the | ower-vessel pipe 32. Due to the force of gravity and the

at nospheric 10 pressure or since the cleaning vessel 21 is vacuum the

cl eani ng sol ut irevidas heat 9 fsgokddmartomn e appdrimadsselolib-isttaot<¢ he

cl eaning vessel .21 and fill up the, u r-vessel pipe 12, the cleaning
vessel 31, and THET NG S9uEdoT) HRS39R 1S VRPSRISE S acubhti T e

cl eani ng vesselegdkdyushttddhgrbhe tHPBk=¥esT)l i Ndhve dide 3RGWRANILW the

| ower -vessel valve 33. The cl eaning solution in the cleaning vessel 21
flows into thedlGRriveyssisedl. Ihathes t bee dhiegy ot Unitdn! Beddes stil |

at a height., the sLikhchekohis of Lhs sleani g sehution.Ls,the hgight of a
Tuti ¥ v e £

cl eaning so on having the sanme specific gravi ing main ai'ned under
the pressure atsdlheidstpitd sledaceg3dointilee howertovesseti Bd .hezbt Id¥F ot her
wor ds, when the cleaning solution in the cleaning vessel 21 flows into the

| oner vessel 3FUYi@RGECR| &8 ofublgirdesurtacE 3497 tnke| GheenidiEel 31

the pressure inHhe lWere¥essel tnd LRELEASES 4t @18 Nt ad Ny & evel of the
cl eani ng sol uti on u?:nl 30 ae%al ance’g state. V\%en ?:he cﬁlerg%i nggg%* ution in the
34 cleaning vessel 21 is fully drained, a valve in the upper-flow control

unit 23 for_connecting the upper-vessel gipe 12 may be shut dependi ng on

actual neet? add® FhFRaSPRLSE tHe YTt f 6RPEBNEFYE PGNPt WS TFP S5 ddhnect i ng

the |ower-vessgle RkRRa32nl EhaNHi ea8@nighabskhRE CLARN GV eaRPle 2k i&CONMES a
vacuum zed cl eaning vessel; 4 . Drain’surplus cleaning solution fromthe

| ower vessel 1@f3theohepeducenttrelpuessune &het héeknguia veassedc et g her eof .
Since cleaning solution in %he ugger-vess |, .pi pe. 12, the_cl eaning vessel

21, and the | oWEFRAERE F7Qe352E6nPife ) iggkéa‘bh??iﬁﬂ}lﬁlf E8W& TS t he

| ower vessel 31 \BEA¥AGHYTIrS, Rhedicedrhali PriBsuckedpivit vaesslimg. the
liquid surface 34 in the |lower vessel 31 raises to increase the pressure at

the |iquidlsurvessed4. wdoldr aiat tdleasgeplaryy cleagemg sdthat ohs, stite t he

val ve 33 of the | ower-vessel, en_the pu val ve 54, start the 20
draw ng pump SSTORANGTRE ChA 10 REART B ATOME 8 IV IF889d 31 i nt o
the rear treatfRfsaess@l ol tHY idad heoPi@ssyh el dbrikeg lduawid cxurdace 34
reaches the set pressure value, and then shut the punp valve 54; and 25 5.

The above stepsleaming e Pprotranr esWhanohkechers gpnitiye ldmaiit tie vdcuum
process to pro‘%ﬁ%e VASHHM L Do he ] eear'l{élgré’egég' g2k 50, 35nh0skagh/d tate a
next cycle of the drain-to-vacuum process. 30 35 !

20 pressure inside the cleaning vessel does not reach the
saturated vapor pressure at that temperature, the
workpiece to be dried could absorb the sublimation heat
from the heat control unit to sublimate the solid-state
cleaning solution on the workpiece to form the gaseous

25 cleaning solution. To continue the sublimation while
there is very low air pressure in the cleaning vessel,
the heat egress unit is used to condense the previously
sublimated cleaning sclution into solid state, so that

the internal pressure of the cleaning vessel is always

30 maintained lower than the saturated vapor pressure at

19



For the cleaning solution to flowinto a recovery contai ner having nornal

i nternal pressure (notshown), the drain-to-vacuum apparatus of Fig. 1 is
further provided with a vent valve (not shown) in the upper-flow 5 control
unit 23 to admt air into the cleaning vessel 21 , and a valve (not shown)
in the lower-flow control unit 24 to communicate with a pipe led to the
recovery container. 10 The nethod of admtting cleaning solution into the
recovery container includes the following steps: 1. Qpen the vent valve in
t he upper-flow control unit 23 for the cleaning vessel 21 to have norna

i nternal 15 predsireubpigadionoseppere ydise connecting the | ower-fl ow
control uni t 24 and the recovery container for the cleaning solution in
the cleaning vessel 21 to flowinto the 20 recovery container until the

cl eani ng vesselTHd hesaf utdryt dohiuredt andbhhentshtednd htHidevansinpi wakve of

t he upper-flow control —upit 23 ang t he val ve connectin%§$he | ower - f 1 ow
control unit 245%n8St HAr+8dove? y tBENt HPREFE B Erehie RAEtt OfFi §Pe2 that

is a conceptual gipgs ey shawidg the CJJ@EEFE!QC%QCI VRRUUR AN YLRG <APPGEat us
according tothe presentinvention. Intheillustrated figure, the apparatus

i ncl udes two sdireaiingdeiBdvariineoe vadhudragdavatbshef hfpg. cdntaol

plurality of 3q”ﬁ_va%qu1vessegs %5 gbta}nedn%r n1gn§ draig-to-vacuum
apparatus, a pIuraEity of RE&ESESAT of RATYS 601 5r V%%%R? iﬁﬁfﬁﬁure

sublimating the £kaaningle Ldd OngardY s& BifidarOtchadh ngoK €88 e 580 for
condensi ng vapors, 5 and other auxiliary devices, such as connection pipes

. Upper-fl ow cOmBRerahirrs 28ndndrednkkl igow Rortheimrietel24 frozae
dr ai n-t o- vaguu s etachaple.joints and .t efore allowthe
Zi‘% lrusoalg%%gé%a ?’?‘)ﬁgg, fl’%ﬁe RS?& ggi}ess uqué.'%usz%_val%op. ze

cl eani ng vesse e’sépara vacuum vessel's n

addi tion, the dranbldmeassehe Zléan2hB ssrueoohi ppfednt ohpesfadm nyl ti pl e
operations, including wet clean, dry clean, vacuum heat drying, and vacuum
freeze drying, W@EEeb H¥c Shér 1akerordr ¥2PP&aRr eESaFieNg L s @it R ahed wast e

solution. 15 Thﬁeié&?rﬂé‘%evﬁ%sfdexz%aq 3e sfait{\ﬁztaigéc?‘i\%?;é)f (RGN, appar at us

is connected to the cleaning vessel 21B of the second al n-to-vacuum
apparatus vi a atpithe tempartatdss eldti fed phsihean ednwhbthumi beat t£Dr ess
unit 20 80 _is mpunted tQ condense, gaseous cl eani ng sol ution passin

Cher et hr oudfi i e FPEEPA SO%5A PRESR AR PE e ThET CPEa g LATRRARL DI, 218

are connected tig4de vaeyuMm¥essabs 2wt Aiinedd,om the two sets of
drai n-to-vacuum apparatus via pipes, on predeterm ned positions of

After the workpiece to be dried has been frozen, it
is expected the liquid inside the workpiece has baig
20 crystal size to form eye-visible coarse crystals. The
coarse crystals leave big voids 1n the workpiece after
they have sublimated, allowing crystals at inner side
of the workpiece to keep sublimating and therefore
enabling an enhanced drying efficiency. Thus, the
25 workpiece to be dried is pre-frozen under normal
pressure and the low-dissolved-air cleaning solution
and the drain-to-vacuum process are used to produce
vacuum in the cleaning vessel before performing the

vacuum freeze drying.

30

20



25 which heat egress units 80 are nounted to condense gaseous cl eaning

sol ution passing therethrough into liquid cleaning solution. The cl eaning
vessel s 21A, 21B are internally provided with heat egress units 80 to
condense gaseous cleaning solution in the cleaning 30 vessels a.nto liquid
or solid cleaning solution, and 37 wth heat control units 60 to vapori ze
liquid cleaning solution or sublinmate solid-state cleaning solution in the
cl eaning vessels. 5 Wien a | owdi ssol ved-air cleaning solution and the
drai n-t o-vacuum process are used to vacuum ze the cl eaning vessels, very

| ow i nternal ai Fhppe§ber &odndivasorves eastr el aBANEhECENERSMNG SsHIsed on
exist in the vaguumZzed cl.aanl 091¥8S36! By (TR ELONE LISl HEREE LA Of air
pressure to the entire process IS mnim zed. e present 1nventron al’so
enpl oys the physheal feal Wesnlhatheovapag god sésreff manehal cllbgquiicy | ower
w th reduced pressure and that two vacuum vessels of different working

t enper at ur es wodPd U re Exdeé's‘s"tH 5 he T ettt %?db%{?\_%ﬁﬁnﬁhlé??s§&t'urat ed

vapor pressuyesthgsCaugf |bgubdtehBnt R VACUUTh Zed ol @A NG ¥§SSEl fIo4lA 21B
to absorb heat of vaporization to produce vapors that flow through the heat
egress units 80affrmedetedyt bhehwl vamaswessalsl 2o thotbensientémptionc] ean

d 20 | t t I [ ol ut | d flowint he. . I
5 and b 1 ecovarBa g ERAEAS VA i ArerEHta - bAes et BRAPRg: AR SPacuum

dryi ng appar at ushefwdhepPeesani bé RMaRd 8P e SN &8 b BemBe £3RuRR .USEd tO
perform vacuum heat drying, vacuum freeze drying, 25 recovering of cleaning

sol ution or wasfe $dleudagt Hroduer hgegegissmwddumchrde progaosndor

| ow di ssol ved-air cl.eani ol Ui i To art_of the cleaning and
vacuum aryi g appsrsios 9 % B ool PRSP n B et SgRL el
dry clean, 38 thhey#£desis Y amssed sk tdiorcasned @hdénseQiiEs8pOAE NY
vacuum vessel 25 by connecting the vacuum vessel 25 to a valve in the
upper - f| ow cont E5PtEATFer e Ivdickie tel PP AgSod R Fasep i ivacaysn peeeifd to a
gas vessel 5 26dp¥ig§qnecting the gas vessel 26 to another valve in the
upper-flow controf "unit 23 of the cleaning vessel 21B via another pipe. The
nmet hod of recovering the | ow pressure gas used in 10 the dry clean includes
the follow ng steps: _1. Produce vacuumin the cleaning vessel 21B by

i mpl enent i t he€dr & TMAHA S RS L Eeezend i 8gn- t o- vacuum
apparatus to its initial state or 15 through other operations that has a
final state al so producing vacuumin the cleaning vessel 21B; 2. Fill the
cl eani ng vessel I2lBhai ddir gad rfyl vpenengeflneleahuag antheacpper dklyawgcont ro
unit 23 for

ofidl

AT b e Vo= W e A i i B 2

apparatus of the present invention, the heat control
unit in the first cleaning vessel serves to pre-freeze
20 the cleaned workpiece tobedried under normal pressure,
the second cleaning vessel has an initial state in which
the 1low-dissoclved-air c¢leaning solution and the
drain-to-vacuum process are used to produce vacuum in
the cleaning vessel and serves as the cleaning vessel
25 for performing the vacuum freeze drying, and the third
cleaning vessel serves to output the workpiece that
has been dried. After the third cleaning vessel 1is
returned to normal internal pressure and the dried
workpiece 1s removed therefrom, it 1s treated with the

30 low-dissolved-air cleaning solution and the

21



20 connecting the gas vessel 26, and then shut the sane val ve when the
cleani ng vessel 21B has been filled with a predeterm ned anount of the gas,
so that the cleaning vessel 21B becones a | ow pressure vessel filled up
with the gas; and 25 3. Exhaust the | ow pressure gas in the cleaning vessel
21B at the time the dry clean is conpleted by opening the valve in the
upper-flow control unit 23 for connecting the vacuum vessel 25 and the
valve in 30 the lower-flow control unit 24 for connecting the 39
exhausting pipe 14, so that the cleaning solution is upward supplied into

the cleaning vess@n 28R VAGHUR BEPEBATt HRPESPTER VALV PF§EiIlP Sut Pace in
the cl eaning vassel, 24BeUnbik fing-d OMETsor 855UGengas pad e, &l eapi

ng
vessel 21B is fully recovered and stored in the vacuum vessel 25; and 4.
Shut the val ve is ¢ixpeeappdr thleowicnnid olngikdié 2Bef gpri&enreest ings thiegvacuum

vessel 25. 10 Please refer to Fig. 3 that is,a conceptual di agramshow n
an enmbodi nent o‘frsésgiiisai‘lz?‘rﬁlot Fg-jg@s‘?é?"%’r%%ﬁ%ﬁgc%?ﬂs %ﬁﬁﬁﬁlfgrngﬂéﬁpx a?us

according te thepresantyd oyesti &ve IBL d IS 1idd wst £Réadh eppodigentcethere is
15 shown three cleaning vessels 821A, 821B and 821C included in the
apparatus. |t cdrebddrfthhbrateds apparabdsfreptiaéscahponearssidel ar to

thosel nel uded Iyt beecl@aNg. and xaguu diing, 2epatabin dfp i deo 2, except

that it further i ncludes vdcuum valves to se connec he

cl eani ng vesselenB21 Ang821hB,er@Pdficéa angianrotd®eficaafdcyacumnusl veseA, D as
inlet and outlet, respectivel % for a workpiece 90 transferred by neans of
a conveyer to &REfFPhAde| e ePehedBbpdr dtsusPrerEEpeen valger MeEPdIN in

Fig. 3, e ping. yesgehss8R1BcaRG §1G4 ifodJut4yal; state are
vacuuni zedtl'?l eéﬁi%gggesse?s ?)Et ai ﬁeé%bf/: usi %é tﬁeéﬁ%%lcﬁeséso vde -laié'
cl eaning solution and the drain-to-vacuum process on the apparatus or the

present invention. The net hod of %erforn‘i ng ¢l eani ng and 30 vacuum dryi ng
on the serial Mfifit$E Ve EPTERIEHT§ah8 %ed%ﬁ&ﬁ%’ﬁ%@“abﬁﬁr%’tﬁ§tof Fig.

3 includes the £10ld OVh g% HEPS; the hdPERHRE MaghUM Rl e AcaRd digert he
conveyer to send 5 the workpiece into the first cleaning vessel 821A that

has nor mal i nt eravaha ppessse;e dngudreir ahae thkewoakpipceatvbeAlr Ped Use t he
| ow di ssol ngq# r cleaning sol ution anqet he 10 &La' n-tog-vacyum process to
produce vacdumihhe FFPst CPEAMTRAER I T 821 Rhe Of’ﬁg\hﬁf‘ iete Therein
has been treat et didingredehenBhnadaWehki 89aRHOGRAN RN uPRHFLLLEs VAGUUM
val ve B and use the conveyer to send the workpiece into the second
produce vacuum in the first cleaning vessel, open the
vacuum valve and send the workpiece to be dried to the
second vacuumized cleaning vessel, close the vacuum
20 wvalve, lower the temperature of the workpiece to be
dried below the eutectic point of the workpiece, and
perform the vacuum freeze drying. After the vacuum
freeze drying is completed, the vacuum valve 1s opened,
the dried workpiece is sent to the third vacuumized
25 cleaning vessel, and the vacuum valve is closed again.
When the third cleaning vessel 1s returned to normal

internal pressure, the dried workpiece 1s removed from

the third cleaning vessel.

30 Recovering cleaning solution and waste solution
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15 cl eani ng vessel 821B, and then shut the vacuumvalve B; 3 . Open the
vacuunval ve D when the third cleaning vessel 821C has normal interna
pressure and use the 20 conveyer to send the fully treated workpi ece out of
the third cl eaning vessel 821C, and then use the | ow di ssol ved-air cleaning
solution and the drain-to-vacuum process to produce vacuumin the third

cl eani ng vessel 821C. 25 Please refer to Fig. 4 that is a conceptual

di agram showi ng t he method of producing and recovering the

| ow di ssol ved-air cleaning solution with a part of the cleaning and vacuum
drying apparatus of the present 30 invention. As shown in Fig. 4, when the

drain-to- vacuung 1 hePLe%E: §ﬁ'éf %ﬁgdv%g %BPQH: vacuum in the q%e ngng
eve [

vessel 21 , the 1 iqurd eanl ng d%loﬁpgecones sti in the
cl eani ng vesselpZdsand covensibhe heﬁirgﬁnéleénuﬁgtvseseIhesaﬁpadaéas of
Fig. 4 is configured 5 with the follow ng features: 1. Since boiling points
of general |iqut d¥2P8%eEak%I, r B8G5EES p‘?%’ésﬁ?@ortlﬁé’fﬂeaf:héorﬁ]r?ﬂnﬂh?t 60

may introducel qusi@ppsk Y 8sbeals @9y, %a@%&%ﬁélégnmgﬂ% éfe
cleaning solution in the cleaning vessel ; 2. The cleaning veéssel

provi des increasedusrdsssert recocaregy aveshell ifcpr dreqpfrac,"entghembw\nt o]

facilitat t f_t | ut 15 and 3. A
cont ai nor hivi 5 SOPHED | rHREF Oy o<l o, " Ch | S JeNEISl 1y denbiBa by

reference numerglp&5izhtieannestead mdpa r¥3i ¥8dI Ri therhowess £l ameppirol 20
unit 24 via a pipe. The method of producing and recovering the

| ow- di ssol ved- ainri | €ani agepdlvdmidohedt e f h\eameanaﬁgoalnd:wammmgi ng
appar at us gB Fig 4 |ncludes Ph§125 follomnngtste D5
e

dr ai n- t o- vacuunt 5ppacAIL Y /e DAY RS WSS FY 'éﬁ’dovacuﬁrlnnﬁf ViR

apparatus to i ttsempti el retdil £f Ofedcé brtlwsdmt ReGfapd et a0pehatd H¥e1 SO t hat
30 pressure at the liquid surface 34 set for the | ower 92 2. | npl enment
t he drain-to- vactlintlp? oceeVesY preaaee YaEUdMS A Ma3partwia s/ AP ®F t he

cl eani ng Vessmpé@ﬁsure differential, gaseous cleaning sclution in
the vaporization vessel is caused to flow toward the

15 heat egress unit connected to the recovery vessel and

be condensed into liquid that 1s recovered in the

recovery vessel.

By using the cleaning solution or waste solution to
20 be recovered and the drain-to-vacuum process, vacuum
is produced in the vaporization vessel. The liquid
level of the cleaning solution to be recovered becomes
still in the vaporization vessel and covers the heat
controlunit. Byusingcleancleaningsoclutionorwaste
25 gsolution and the drain-to-vacuum process, vacuum 1S
produced in the recovery vessel. When the cleaning
solution or waste solution in the vaporization vessel
absorbs heat of vaporization from the heat control unit,
and the heat egress unit condenses vapors produced in

30 the vaporization vessel into clean ligquid cleaning
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5 3. Use the heat control unit 60 to heat the cleaning solution in the
cleaning vessel 21 for the liquid surface thereof to boil, and continue
heating until the pressure in the cleaning vessel 21 does not 10 increase
any longer; and 4. Open a valve of the upper-flow control unit 23 for the
cl eaning vessel 21 to return to the normal internal pressure, and open the
val ve of the 15 lower-flow control unit 24 for connecting the recovery
container 95 so that the | owdi ssolved-air cleaning solution in the

cl eani ngvessel 21 is drained jnto the recovery vessel 95; and thereafter
shut the above-ﬁ%ﬁ?Féﬁ@UOFwﬁP%ﬁF%@g %@%Fﬂf;@@qQW%EﬂngEéPetﬁeFPﬁ?ry t hat
I's a conceptual ,diagham show %gfﬁﬁweﬁ of,Jfecoverdng cheaniigegql ution
and waste solution on a part of the cleaning and vacuum dryil ng apparat us of
t he present inveapilenisWet ewn th25thee dieanihg- vaoluwniprocess wasérpl oyed
to produce vacuumin.two cleaning vessels, and the physical features that
boi 11 ng poi nt s 59 UEAEFal SPPgbh e TE0Er = 197 T bt Bt PE R PhaRe | qui d
saturated vapor rgreseted & EAHAER WM Tyt DYRIADs bEURELAL 1 €0 22REcb0aEy30 two
vacuum vessel s of different working tenperatures 43 would have a pressure
differential beteré&ainiegihashprgngrad vapberppésngesunee chipebyedites.
recover the cleagnin | utJ ol qﬂg L.uti_o v L he ¢l eani ng
sol ution and magﬁé gg%ﬁfi%%:ki %23%$8§%Fn3Sa%?é%ﬁﬁ%#f%@y?éaigpﬁgratus
of the present mAXenthenreeb&edfy e sdlcaniviguassedssof tbecappanakus i s
used as a vaporization vessel 121 to vaporize the cleaning solution or
wast e sol ution, tAAdre0°VRE YorheFleP@aRilifFNidxE st ¥t iQR°BsSal v EéBPer y
vessel 221 tp r r dstiarg, L gagin ol Yyt 51 €5 8Q! Ut on.
Since boi 111y porare SRegERataPd (EeFhE PE aneClald i 6% EL8R Uk T
heat control unvas6@ psbutded bo Hde ehotieradil dueer &/ apah rakl paduesdel 121

15 at a predeterm ned position may | ntroduce_| owtenperature heat energy or
waste heat to VBPBFFZER t héhg ed’fﬁahb s‘_B‘PﬁFFSFI oM st &&6| 1t FBROFHENhe
vapori zation vessgl tlabe r & MARYH Z @Yy 835 Rh stelnhas /8 Wppstitlow
control unit 123 connected to an 20 upper-flow control unit 223 of the
recovery vessel tR@ktdaningendensatreo pwpe t&2sohebioa . m ddithyposabnem, of

whi ch a heat_egress unpit, 80 is nounted to condense vapors passin

ther ot hr ough i nEBSITRARSE ofnEPPeEAEP b BREAr ARty =REE AN ST RE BFnal
pressure (not shounhe2achs S@ynected to a valve in the |ower-flow contro
unit 224 of the recovery vessel 221. In the course of vaporization, the
vapori zation vessel 121 can be tinely replenished fromthe upper vessel 111

with the cleanig olution or waste solution to be recovered, in order 30
Lo mai ntain ¢ hebbpaaeang, Redgan yagiim degded 7 0 OCOV TR0 L O e T s
to be noted the vaporization vessel 121 has a working tenperature higher

t han that of the recoverK vessel 221, and the heat control unit 60 has a

wor ki ng t erder a®or ehon Ehe2gadd i yufd EXRH YT bR capperaftushe Eheani ng
solution. To av %9~gl%%%wggﬁjgf§sur ﬁgéﬁggrent%®ld¥¥° en the vapqrization

vessel 121 and e recovery vessel 2 o any alr dissolved in the
cl eani ng sol uti @hadh-wastva anintpodcédsbaaveanyetiedd aperatodnse f awo
produci ng the 10 | owdi ssol ved-air cleaning solution can be performed in

advance to renoVRCHPPidESsofvRANE ATt HEPRFRARI PRI BEi OfP bFN wdiste Pe
solution to be &Sﬁggﬁregdfrom the drain-to-vacuum apparatus to serve

25 as a vacuum vessel, and the other one of which is used
to recover condensed liquid. Since the temperature
difference between the two vessels results in a
saturated vapor pressure differential, the liquid left
in the vacuum vessel absorbs heat of vaporization to

30 produce gaseous cleaning solution that flows toward
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The net hod of recovering the cleaning solution and waste 15 sol ution

i ncludes the follow ng steps: 1. Operate the drain-to-vacuum appar at us of

t he vaporization vessel 121 so that it is in the initial state, and the
pressure at the liquid surface set 20 for the | ower vessel 131 could

mai ntain the height of the still cleaning solution in the vaporization
vessel 121 and cover the heat control unit 60; 2. QOperate the

dr ai n-t o- vacuum appar atus of the 25 recovery vessel 221 so that it is in
the initial state, and the pressure at the liquid surface set for the | ower
vessel 231 coultdvepr bdate eacassm iunitthe canglesteat oter ythvesyelcwii feot t he
latter to becom=1 a vacuum ves elni :})0 45 d 3. L%e t.he .cl eaning or waste

sol ution to be Y&V Ld FHF t REUPT TSR P ey 6h TiRgning

drai n-t o- vacuumanped & Uswhi chhe svaper zadorevesseb 8 wauuaducei vacuum
in a partial volume 5 of the vaporlzion vessel 121; 4. Use clean and

| ow-t enper at ur €l@3EMhg'edtett on or solution and the drain-to-vacuum
process on the drain-to-vacuum apparatus of the recovery vessel 10 221 to
produce vacuumin the whol e recovery vessel 221 for the sane to becone a
vacuum vessel ; sind@peathd be1Malnee pefitthe fugeererfd Iow iconitd dlowsud wlixh
connecting the condensate pi‘fe 82 to the 15 vaporization vessel 121 and the

val ve of the upifEiIsIWTIYDE Ulte st Gatriectt ﬁ’d";%@'aébﬁd‘é:ﬁsoéjt‘@%i pe 82
to the recovery Mess&hpdRdturlSRed P8Rl yCORLILL tdHda £G4 QhraAt, Ade

cl eaning solution or waste solution to be recovered and 20 currently
cont ai nedi n t heheapdeazrdingprotedsell2ef tsont tia¢ wadmwiwh e@s syl solWittion or
wast e sol uE&gon o be recov.eregz absorb_heat_ of vaporization and. be

in

vapori zed. QGRS & WHTET BAE P "D HEER PRV FRREV ety VS el 221

and the vapori zg{dlin 42 s4eSISekhd2la E8aH ¥8s 581 S A B @ PP n PIASISHT €
differential, vaporized gas in the vaporization vessel 121 is caused to
di f f use towarda e rcosdeddaesmopinge c§2 dayd velpe thédte regires s T tvagiiuwnd

finally condense into the clean and |lowte ratyre 30 cl eaning | uti on or
sol ution and flvtﬁﬁﬁef”ﬂto the 48 resc%‘—i‘/]g?ﬂ} vng‘gel %ﬁ?éé%‘g 6. _’T\ﬂﬁ‘en%iq'hee
recovery VeSSG'dr%%.%Jt__Sosﬁaéﬁaﬁl%SspaSﬂ‘wtuéh%n\éﬁ’cr«{s tEHPBKY €@t b R e £
upper-flow control unit 223 5 of the recovery vessel 221 with the

condensat el pi pa sghodpatedgnrithe Vi Ve lofearas hppeeratygwecohbeylaamin 223

connected to the recover vessel 221 . so that1 the recovery vessel 221 is
vesse ﬁnay ecoll avacdumv_esse C %se omed myvacuum.
returned to the norma nternal “pressure, Opén e valve of the l1ower-flow

10 control unit 224 conmunicating the recovery vessel 221 with the recovery
cont ai ner having normal internal pressure for the clean cleaning solution

or solution to drain intBRIRE PESSRIRT ICThtQH nEtE RRAWINGE val ve of the

upper-flow control unit 223

20 The structure and the technical means adopted by the
present invention to achieve the above and other objects
can be best understood by referring to the following
detailed description of the preferred embodiments and
the accompanying drawings, wherein

25
Fig. 1 1s a conceptual diagram showing fhe
drain-to-vacuum apparatus of the present invention and

themethodof implementing thedrain-to-vacuumprocess;

30 Fig. 2 is a conceptual diagram showing the cleaning
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15 connected to the recovery vessel 221 and the valve of the | ower-flow
control: unit 224 communi cating the recoveryvessel 221 with the recovery
container; use the clean and | owtenperature cleaning solution or solution
and the drain-to-vacuum process on the 20 drai n-to-vacuum apparatus of the
recovery vessel 221 to produce vacuumin the whol e recovery vessel 221 for
the sane to becone a vacuum vessel ; and open the valve on the upper-flow
control unit 223 comruni cating the recovery vessel 221 with the 25
condensate pipe 82 to continue the recovery of the cleaning solution and
sol uti on. Pl easnd efarugm ¢rying ahperpdus ecweaptived W dgrammsdmenhg t he
met hod of perfaorm ng vacuum heat drying 30 on a part of the cleaning and
vacuun1dryingzﬁﬂ%ﬁéﬁi@nﬂ7 of the present invention. Werein, the

| ow di ssol ved-air cleaning solution and the drain-to-vacuum process are
enpl oyed to produce vacuumin the cleaning vessels, and the physical
features that FI®il Pnd ot nESNERRFerfer afll pPgaMdSHOWSr I withie reritical

pressure, thatl S ed, Vv r r es ; W I
t enper at ur e?) andﬁtv%]gt 9%\%%3{%612%1“%@{62@6%2‘%& sé?gpg'r e%ﬁ%?k%ﬁggatelgan%%? atures
woul d have a preessurdingfter ehei plrebehweamvdrairorsat ur at ed vapor pressures
10 are enployed to dry the workpi ece. Since boding points of general
liquids | ower with reduced pressure, the heat control unit 60 provided on
the bottom of tdhg; cleani ng y&ssebtddl alaara;ne%wirnd;%eoméwa JRY

i ntroduce | owtenperature heat energy or waste heat I5 to vaporize cl eaning
solution or wagimdotimgonand t heecoeaning vedse| Ba¥-dAssaduedvessel 25

i s connect to a val ve of. ap. upper-fl ow, contryol it 323 of .the cl eaning
vessel 391101 o G SRR bOP BB b A ROSL Erk I EL PRRT RS AT AHIER A heat
egress unit BOd,S, AN 62 20the 6eNYaRS S AR RARSH o her et hrough into
liquid. It is noted the heat control unit 60 has a working tenperature on
the gas-liquid equilibriumcurve of the cleaning solution, and the cleaning
vessel 321 has wor ki ng tenperatuyre,higher than that qf the vacuum 25
Vessel 25, The M hot T DTSR HESb oL RAREREAE R TR VT OTE ¢ e

cl eani ng and vaduBw&Fryh§dcpRatahusodlu thich a&d Wdsudesdhecfohl oning
steps: 30 48 1. Produce vacuumin the cleaning vessel 321 by inplenenting
t he drai n- to- vaaiitn pf otksscl gsan ngh@ngt /e onvacvindappragtalsdbd ehe

cl eani ng and vq:qyn1£ggéng gﬁggrgtg%_to its ini teal state or through other
5 operations tha as a frnal stat8™al so produci ng vacuumin the cl eaning
vessel 321 for the sane to beconme a vacuum vessel; 2. Qpen the valve of the
upper-flow control unit 323 10 conmmuni cating the cl eaning vessel 321 with

t he condensat e flide B82S ausenerPheal ¢bagraP sheWe neD the Mmedihade &l eani ng
solution left i . i.qu i : ution
absorbs heat o véaﬁ)%ﬁégﬁ}oaﬁ&gﬁg%\?fzﬁg?:%é& %ﬁn%:gatr%eé)l%S@%%?p}éfer}g}tlur%

di f f er ence2bet weeh vialer wt elaniingy wegseta 324 ahdhiehe reaeumtmivesseliAb; resul t s
in saturated vapor pressure differential, the vaporized gas produced in the
cl eaning vessel 321 is caused to diffuse fromthe cleaning vessel 321
toward the 20 gandensale Ding, & A8 L2888 SHBRI g ine R gk Rer
condensedi nto cl ean andl owtenperature cleaning solution that flows into

t he vacuum vesgedr 25rmimg iva cweoofeeede candi iP$o8.a Gantiafueheld aaguovery of
the cleaning solution unti] the internal pressure of the ¢leaning vessel
321 doos not riXE HAPIEHGEY I e GRPRARTH &k ) PRG So0 ind YOHPIRR 6. 30

Pl ease refeg to Fig. 7 that is a conceptual diagram

Fig. B 1s a conceptual diagram showing the method of
performing vacuum freeze drying on the serial
multi-vessel cleaning and vacuum drying apparatus of
the present invention;

30
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49  showi ng the nethod of perform ng vacuum freeze drying on a part of the
clreani ng and vacuum dryi ng apparatus of the present invention. Werein,

| ow di ssol ved-air cleaning solution and the drain-to-vacuum process are 5
used to produce vacuumin the cleaning vessel , and the heat control unit
and the heat egress unit are al ternately used to control tenperature for
drying the workpiece . The heat control uni t 60 i s adapted to | ower the
tenperature of the workpiece 90 to be dried to a 10 point |ower than the

| owest eutectic point of the conpositions thereof and to~ provide

subl i mati on hedtl9o ¥ hes vibragieertualt diparam ehorgma Hd e arrethed sebl i mat e

in the course i i . Egﬂ; i I t t
condense vapor %‘?%%%%gg%trﬁ%%hgﬂ%f su ﬁgﬁgg?gzp% ta%Qs% itgggc&a?eacejnﬁlg in, so
that the internrald praassin @l fi idapdoentng ofe3ded phdkdrst keptehel ow; t he
saturated vapor pressure at thesublimation tenperature. Both the heat
control unit 60 and the heat egress unit 80 have tenperature ranges on the
gas-solid equilghyiumg 3Q %uas%c%}oem oA 09 bW AN NS &l Lo b NG vacuum
freeze drying. The nethod of perform ng vacuum freeze drying on the

cl eani ng and vaciumg dryl bgp dpphyresasodf cFegninhg solludesod de dadeow ng
steps: 1. Produce vaguumin the cl an%ng vess%l 52% bé.usigdg t he

| ow di ssol ved- aiF PEFESAThGT ¥R M6t GhE PR UFASEL §2PALRAT BTt Ese™ t o set
the drain-to- vaguuialagppas abysoef thie paleaami thg mach vash M dayi ng
apparatus 50 toits initial state, or through other operations that have
a final state al so producing vacuumin the cleaning vessel 521 for the sane
to becone vacuum vessel ; .5 Actuate the heat control unit 60 to | ower
the tenper Aurd 1 the whr RorBogei e i Tl SEOL B M st Than ¢ he

| owest eutectiarpedmtioh ihelcaapomnutitaps d herkdfg acidad Bs thiea heate egr ess
unit 10 80 to provide heat of vaporization to vaporize the cleaning
solution left i9PRMRCEPGakP Ry QRAYRRR WHIHEr RS §ahtaRAPOICPRRR E'eR t he
cleaning vessel 921 {s larger than the saturated vapor pressure at the
tenperature set $Or the heat control unit 60; and 15 3 . Wen the workpiece
90 to be dried reaches a tenperature |ower than the | owest eutectic point
of the conpositions thereof, set a sublimation tenperature for the heat
control unif 60 PBFALRED| RESERIET IRl B BRBYFRBEPoRMRORIMEN TSUbI i mat e
the solid-state cleaning solution in the workpiece 90 to be dried, and use
the heat egress unit 80 to condense the gaseous cl eaning sol ution produced
in the course dhesghdasmtt dmvartol dihersld tals statme t @hrin) agpgans s 25

again, so that the internal pressure_of the cleaning vessel 521 is kept
bel ow t he sat urfﬁred"?/%l%b?mb’?gs’%}@lﬁtlet RBSLEHAR i%n HererSRtr 7% ease

refer to Fig. &itdal, i§aéu§ﬁ”ﬁ%9’tu?|ryqirﬁﬂ,r3smc§0v§8\9%n9r@é%e9%ﬁiy9ﬂng

mul ti-vessel cleaning and vacuum 5
20 inenclosedvessels inoneprocess withoutusinga vacuum

system, and capable of recovering low-pressure gas used
in the dry clean and recovering cleaning solution and
waste solution to achieve environment protection and
energy saving. In the followingdescriptions, the same
25 reference numerals denote similar components referred

to in the present invention.

Please refer to Fig. 1 that is a conceptual diagram
showing a drain-to-vacuum apparatus according to the

30 present invention and the method of implementing a
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dryi ng apparatus of the present invention and the nethod of performng
vacuum'freeze drying on the serial nulti-vessel cleaning and vacuum dryi ng
apparatus. Werein, |owdissolved-air cleaning solution and the 5

drai n-to-vacuum process are used to produce vacuumin every cleaning
vessel, and pre-freezing and condensi ng sublimated vapors are alternately
i npl emented to control tenperatures for drying a workpiece 90. As shown in
Fig. 8, three cleaning vessels 521A 521B, 10 and 521C are serially
connected via vacuumvalves A, B, C and D, and provided with heat control
units 60A, 60BdLRN 6O, VRAEYHECt iIRDF2S Aind CReat tRYr eS5adAM T SRCUPR £ r st
cl eaning vessel, tsUSells MRNP, Lheazes 1heybLoanadopkRiaRe 95! 0 be
dried, the second cleaning 15 vessel 521B is used to performthe vacuum
freeze drying, mmnthtédd ¢ohiadveteapl agfvesseha$2i€ genesed Iy dixtpdedt he
dried workpiece 90. The nethod of perform ng the vacyumfr e dryipg with
20 the ser | al il i HPEBSE =UPLAN PERRhH RERLEA g SaiBhrat B B1e] he
present inventian, bhd vdesrt DevERI3OW NthSteRsr AndChRan hieridkpi ece 90
to be dried in the first 25 cleaning vessel 521A, actuate the heat control
unit 60A under Yfbr Afll2ape esstute haverel { kedAe gt wbirfkdn rercodatorerndri ed,
and use | ow-t enper at ur g %ndmkgg-lgi slsg\ll_é/iad-z%i r.ﬁlcgglglie%g gol utlieqpataﬂg t he
dr ai n-t o- vacuum pro'cesshto produce vacuumin the irSt clean ng Vessel
521A; 52 2. GpsthdMEsMEEIrValYesBihgra e 9wt ¥ ese Pddbeleewiiied to
enter the vacuum zed second cl eaning vessel 521B, and shut the vacuum val ve
B to performt R FefrhivefFeetbedlgivrg tevitHe Xcond cl eani ng vessel 521B:
and 3 . W]EB the workpiece 90 is fully dried, open the vacuumvalve C to
transfer the dried workpiece 90 to the 10 third vacuum zed cl eani ng vessel
521C, shut the amaippervareyes€&] DUt pat praeideidednwihiepivegpeOQ afderie he

third cleaning vessel 521C is returned to the normal internal pressure, and
use the | ow di olthRI-4R%k ki AgmsdFu®i BRedRgerme el R ht1 92 vactium

process to produeg E%Cé’i’é%ﬁpn%%fﬂf&n Glegning, vesstle PLIGL A LRSS T ef er
to Fig. 9 that 1's a conceptual diagram show ng the nmethod of producing a
medi um vacuum uwes o) ion thepadpedf vdeesel dani ngrhes dipiaetiume g ¢/l ngt
apparatus of the presentinvention. Werein, |owdissolved-air cleaning

sol ution ahd tHe FPANTIRYATUAMPPIRESEMAPERPFOFEA™ BT pt bR "R uum i n

two cleaning veassel §i.a0d 408 PAYS C@bpbeatdeeit %étpeb_qizl 1 RG PRIHH &, Of
general 25 liquids lower with reduced pressure, that |iquid saturated vapor
pressure reducesherlbahonersal ¢ bhpenat the upped vheasel id Vhcwarhoresse| s of

di fferent working.tenperatures d have ressure differential between
thei 1 sat ur at ot CABOPISILERFEL Ahe chpIBAP S LS B RAIE e m
vacuum vessel . f53%m aASr SAOVErinInEdGo i t 088 A thBed ¥eoM IFUHALZRQH&F eani ng
vessel is a vacuumvessel 25 that can be detached from an upper-vessel pipe

12 and a | 8ler “esssel 130 peado ttemmicthed legaridian ves skdr 23 giepandbpgehdent

vacuum vessel 25. Tt}:eug/fcryu&vesgekh@ Lfe€X eggglnl ys%rlglvtlidoerg wtd eheat

control units 68" {0 provi de a’ desi red 't enperaturé dependi ng on a degree of
vacuum to be prgiedvedséhelvagaymbeesstiradbucddei H8sUtReVeSsRinidby i S

connect ed
vessel 21 via the exhausting pipe 14 to exhaust gas
existing in the cleaning vessel 21.
25
A second end of the upper-vessel pipe 12 is connected
to an upper-flowcontrol unit 23, via which the cleaning
solution in the upper vessel 11 flows into the cleaning

vessel 21. An upper-vessel valve 13 is provided at a

30 predetermined position on the upper-vessel pipe 12 or
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10 to anot her cleaning vessel 21 via a condensate pipe 82 . A heat egress
unit 80 is provided on the condensate pipe 82 at a predeterm ned position
near a m ddl e section thereof for condensing vapors into |iquid. The heat
control units 60 have a working tenperature on the 15 gas-liquid

equi libriumcurve of the cleaningsolution, and the vacuunvessel 25 has a
wor ki ng tenperature higher than that of the cleaning vessel 21. The nethod
of produci ng the nmedi um vacuum vessel with 20 the cl eaning and vacuum

dryi ng apparatus of the present invention includes the follow ng steps: 1.
Set the drain-tapraciate appaedindss iof i ¢henvabwimanesseth hpard vthsselleani ng
vessel 21 to its_initial 25 state by usi nt%dt he | ow di ssol ved-air ¢l eaning

sol ution and tht! dit&@h- E8DVECHdh I 0_88§’§‘w dprgajﬂb’e_%cﬁf}ﬁl i‘ﬁl??u_ﬁlf‘ﬁ/o
vessels; 2 . Usg,ihe,Baakrepnthal uagbysvégsgq Yape&iZ8qt bReCl£8RHNH 430
solution left in the vacuumvessel 25 and to further 54 heat vapors
produced in theveasaln?¥essel 25 to dry vapors. Since the tenperature

di fference t%etween t he cl eaning vessel 21 and the vacuum vessel 25 results
in a pressure differential, the vaporized 5 gas is caused to diffuse from
t he vacuum vessehe 281 taWahg ke seandansat @ qigeB2 and ghwideaimegeass unit
80 and be condensed into the clean and | owtenperature cleaning solution
that flows intoPehdtepeanrnheeBidfilellanali $0refobve et rarrilabigrmvhen the
internal pressug eoélégﬁi}{?cyggg\éﬁs§§ligSarqO&?cthseB' éss@eg lcﬁgqega det ach
t he vacuum vessel 2 romrts drain-to-vacuum apparatus and the condensat e
pi pe 82, and albewsthe edaciiin vpsadke t25rhndd mavher Fort Nateamt n®gi M

vacuum i s produced in the vacuum vessel 25. Please refer to Fig. 10 that is
a concept udl® di YgFARL SREWFRGTERE -pr d8&@t PRFALLLR T ECENPPBYRASCS Herform
20 dry and wet eqns. M ti,phe types «fo.cl ea%iiNg uti,Qn , and
C. Wien a wor kp}%ce mal\%%é(; cglléjeanlgng vessel .r?ust belcor??ﬁ}nutgbglé ??ggt ed

wi th nore than omettypendfs Amanpngvsdedt icon, tleor ckepandigngragpper 2essel
and | ower vessel are provided in_the apparatus for each 25 type of cleaning

P
sol ution. Each Y@PerdvEILN 25tyrdsneedpeci FRe URRSF Ofl Y €2Ri%T¢ sBP 4Fi on
that is suppliegstosthe, ¢l ga8i 0 ¥nsle ACERLALATLLQ: tRSAPEESEheCLERNI NY
procedures to clean tthe workpi ece. The drain-to-vacuum process Is enpl oyed
t o produce acuefnt30e ial €drel iy ears swl \2ds el coMmendlcedid nypesehwei vnshare 55
caused to flow jnto their respective rrespondi ng | ower_vessel s or_be
directly drai net’fntRPEReVFSSE é’d‘tﬁei/gl ‘or %é"fgoﬁdiqr?d”erre_cfo]&/‘évfyc%%ﬁfa} ners
having normal gt £ENA] 1Y BEIiRied attbe% dhedbmRAhepWRiitA JH 8n 4Re 5
there are three upper vessels 711A, 711B, and 711C connected to an
upper - f | ow contbottami p£72Beofcleayidami ngssedsdl T2l opmnuor¢xspohleng
upper-vessel pipes 71 h @ d three Iowr[fr vees§?l S i7§1’?1"ic7h3\l.§é éa]pé:la 7§1C
connected to a YRR 0% CONT T of SURFT B2 of t he® & edni ng vessel 18 721
via correspendi §g1heVBh- ¥eSs@ AHdLStHS2Aled32Bg aRGs632C1 Thewapges-fl ow
control unit 723 of the cleaning vessel 721 is provided with an intake
val ve for the cle@arnyevesdel3l7drgatedtaknat bragefeirmpress resitrpe
| ower - f | ow cont&QI tHQi %on%é gfevteqeﬁ eghi vessel ﬂgtz%‘; is provided with
a plurality of valvesS 10 commini cate the cl eaning Pessel 721 with a
plurality of recovery containers A B, and C having normal internal
pressure, so that different types of cleaning solutions are recovered and
stored in thei r®AeHRICIISRS ¢ ARISFS 330t e e iigd on the lower-vessel

25 pipe 32 or the lower vessel 31 at a position lower than
a liquid surface 34 in the lower vessel 31 to control
the downward flow of the cleaning solution from the

cleaning vessel 21 into the lower vessel 31.

30 The lower vessel 31 is an enclosed vessel that can be
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The apparatus of Fig. 10 may be considered as a conbi nati on of several

drai n-to-vacuum apparatus. After data about the specific gravity of each
type of 25 cleaning solution and the vol une of each | ower vessel 731A,
731B, 731C are obtained, each type of the cleaning solutions can be set to
its initial state through the sane steps as those for setting the

drai n-to-vacuum apparatus to its initial state. 30 56 The net hod of
setting the apparatus of Fig. 10 to its initial state includes the
following steps: 1. Use the drain-to-vacuum process to produce vacuum5 in
t he cl eani ng vessaled2in acpoediet@nminrd rannweds Tel lpregedesesli Al
perform ng thelgleqnup QR Qg&;ggﬁ aggvghggm%the clganigg %%E%%iggsaA, b, C
to flow fromth&Vadl 28d Cteaning  VEsSer 219F o The®Fower Vvassal s

731A, 731B, 731£% thespegtivedur fadd 3U0tRereUse aHaAWSHH PRI vt H1 U1 8w
surplus cleaning solutions fromthe | ower vessels 731A, 731B, 731C into
their respecti V& Eor ridsoRdeRG st nBPIPtéSiur e PEX? 1dat mEROHEssBNEA, B,

C_so that @reslsyééﬁagn'tisqu&ac% 150 SUELRGBR Oford NERL O¥BLVeSAAl S V334  731B,
731C return to the pressure values initially set for them Methods of

perform ng ot heteppedanhgons eprtulad appaiat ugFhef levwpr-hdesseltpersal® as

t hose having been describe 0 aboye in different paragraphs. Please refer
Lo Frg 11 that™f SORMEIcEDE ban Trd GRRRHE AGREoves - 210w con EFS
presentinventi om pelagdesiny AL MOFki REaVSSSEL $ohNALadr & £OpBECLEALIO a
common upper vessel 25 and a common | ower vessel . The enbodi nent shown in

Fig. 11 incl udesf anhapperereyssis<tll 131 t fiveetbbegheng ivas sl lon 624W, 6218,
621C, and | o vessel 631 .. The cleanin ssel s 1 621B, 621C may
nave diT1eidnt VHPURoT (G SHEHHIher: e Sipper-oyB88el OBaT LAt Ehe | ower
30 vessel 631 agp. cnsehedoi peesehigf chhaed@aNiang vesised 6 &dd t6§23A
621B, 621C in a manner that allows themto work as three i ndependent

dr ai n-t o- vacuurpegpararnd nethpogppaodt ad sheFlgweripaals pé tee lovwan
initial state SVthgiJgg th%df%I I owisnegc rrlgcgqur es: al.drg%,tlai n d‘%a about the
specific gravityeo? eac% ?ype 3%21he cl'eani ng $61 Gt °6As "t VOr uhé " of each
of the cl eani nayessrhes623Aa1 02185 621G randiddieayohupredd o riihgelover
vessel 631; set the relative height difference to be existedbetween the

bi ggest cl éani iePvessen apdrthctpWwl theydlovwegavesisgtle 3Sthéhptessuretat t he
liquid surface jn the | r ssel - .and . t.aine re at
the liquid surfla%eé??]tig%?ﬁ%¥ﬁ0\§7\§(ra %géggll%%3f%fl§1tc%%cfjgl)°a eﬁlerqgf‘g%??/éahei ghts
bet ween the | oveitéengl pndsanethef thw lohe@aniegsel 31. A condenser

(not shown) may be provided inside the lower vessel

31 depending on actual need to maintain stable liquid

20 surface pressure in the lower vessel 31.

Via the pump pipe 52, the drawing pump 53 draws the
cleaning solution from the lower vessel 31 into a rear
treatment vessel 51 having normal internal pressure
25 or from the rear treatment vessel 51 into the lower
vessel 31, in order to regulate height of and pressure
at the liquid surface 34 in the lower vessel 31. A pump
valve 54 is provided at a predetermined position on
the lower part of the lower vessel 31 or the pump pipe

30 52 to control a flow of the cleaning solution being
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vessels; 2. Supply the cleaning solution to the |ower vessel 631 20 by
setting the punp valve 654 to ON, the exhaust valve 635 to ON, and the

| ower -vessel valve 633 to QN, starting the drawi ng punp 653 to draw t he
cleaning solution fromthe rear treatnent vessel into the |ower vessel 631
until a predetermined liquid level is 25 reached in the |ower vessel 631,
and then setting the exhaust valve 635 to OFF;, 3. Supply the cl eaning
solution to the upper vessel 611 by setting all upper-vessel valves 613 to
OFF, filling 30 the upper vessel 111 with the cleaning solution, and 58
keepi ng the suppf3vbiyx hkbedeam fg REIRIPPHP 28dnkr AR diNe AoMeFuyessatface in
the upper vesse}, 111 at a predetermni ned height; 5 4.Regulate the pressure
at the liquid surface 634 in the | ower vessel 631 by setting all

| ower -vessel valves 633 to OFF, and starting the drawi ng punp 653 to draw
t he cl eaning solution fromthe | ower vesselﬁgg% into the rear treatnent

vessel having rfof " 1D PREFRAY Spr ERE URPS BreS8BfF& °dt VPR Prghtifd
surface 634si n theyh QUaravYes$ele e HRLH 82SESs M 1 bntdie dHVWRIRI Ok gHEd

surface 634. Wien the pressure at the liquid surface 634 in the | ower
vessel 631 reachesanhegpreseel pedsurentsetl ehérangd A§ poapcisrBE89t 0 OFF
and the punp valyv 59 to OFF; _an cAct,uat e .t he el evating ,neghani s to
adj ust the rel asf?\f;%@ﬁgf]gh?r digfafsergrﬁgg b‘]';e}%?/\/eé:r%etahne“}%mé’resl%vlel %gﬁd e‘gf:h

cl eani ng vesselpH2dA1 i 6%1Bf @dHer20 Repeasdi 89 olGnattivala Needsimilar
procedures in the operation to be perfornmed, use the drain-to-vacuum
process to prodRkc@MoRtEIRRY RPecRERVEFedn hhredBRrr6fiRY 6oRBradduBREC.

After the cl.eaning I re 2 um zed, t i | ufj flows
fromthe tEPeeq§gcﬂéﬁ?§§d§€f6§hi%8¥g%§see%a?htdﬁfﬁékﬁ%%é&%Gégse £§§i . Use
t he draw ng purgl &hdnte BagWbUHHdis dédabtd NGgo 8R! uwhitdn theomuhel 1 aner
vessel 631 into the rear treatnent vessel on a time-sharing basis, so that
the 30 preSSLweﬁ%@lﬁH%“@ikﬂﬁﬁrgﬂ?ﬁééelBSQh?rF%?%P%BQEYe§§§ge?159 Thg31

returns to the gg,i,ggghlya%gspagszéugeug RAVe 1)y AP PEESENL £1 Y ERLLON

provi des a cl eani ng and vacuum dryl ng paratus including one or nore sets
5 of drain-to- s worappat adl Uy otthe rodemiicesgcHURhes S elsceueateds dys| he

dr ai n-t o- vacuum appar at us, one or nore heat control units for vaporizing or
subl i mati ng>cl ERFAYSEY| GORSRIGTS JIPHbr e Real2égra8dshift PF9FSEbRdensi ng

vapors, and ot hgtyayd higky gRans +ngusPpas-18sa3eAl Highk! 1y \Afa GopNRLST On
pi pes. By using the | owdissolved-air c?eanlng solutton and the

drai n-t o- vacuurepraetashahlehgodndi.n-t 0- vacuum appar at us, each cl eani ng
vessel included in the apparatus could becone a vacuum zed cl eani ng vessel

As mentioned above, the lower-flow control unit 24 is
20 provided at a predetermined position on the bottom of
the cleaning vessel 21 to control draining of the
cleaning solution out of the cleaning vessel 21. A
plurality of control valves or functionally similar
elements may be provided in the lower-flow control unit
25 24 depending on actual need. Alternatively, other
elements may be provided to work with the auxiliary
tools and instruments i1n the cleaning vessel 21. The
control valves in the lower-flow control unit 24 may
be connected to other devices, such as recovery

30 containers having normal internal pressure and the like,
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15 having very low air pressure and vapor pressure fromthe cl eaning
solution inits volune that is not filled with the cleaning solution. The
present invention also uses the physical features that boiling points of
general liquids |owerw threducedpressure, thatliquid 20 saturated vapor
pressure reduces with | owered tenperature, and that two vacuum vessel s of
di fferent working tenperatureswould have a pressure differential between
their saturated vapor pressures, so that the enclosed cleaning vessel that
has conpleted dry or wet 25 clean therein could be directly used to perform
vacuum heat drydh§o VRednherceeesat \BiRre 3@rvbﬂ?efiéﬂ9ér<a¥icéfsa¢h$hh§,

di fferent operg#'{)m, i ncluding wet clean, dry clean, vacuum heat drying,
and vacuum freeze drying, could be perfornmed in one process, and the

| ow- pressure 30 gas used in the dry clean and the cl eaning sol ution 60

and waste solution can be recovered. It is understood_the present invention
has been descri?beBeRiEHIN DAL ¥ Foobl Aeiitha ¢ bt BIPLRRY Liahy <REEeS and

modi fications idt the dgefd IRQed RIMQAIERIS LN PE LAY MdiRd 1Ml M £ oYt
departing fromthe scope and the spirit of the invention that 1s iIntended
to be limted oriythyl uha taphefidde cl apns nght: el Adtfodthed lagpparag us of

the present invention for performng nulti cleani.ng a vacuum dryi ng
operations in e%cgzﬁl%%]e‘an\}é’sglé?s}]pr%esr ?ﬁgsf%l f%&non%f%‘ﬁ\ﬂghoaggg éseaclb’rﬁ%r ed
with other nethadssang 1apparaidibokRewthdrbbe t¥ bRhadldt gd8 ki shenHr esent
i nvention uses a general drawi ng punp to reduce internal pressure of the

seal ed | ower veassdihe sligrreageehes eyl ee Yie axchams thngheirpkebhi by vessel

i nstead of ,using a vacyum system_ This 20 enabl es effective reduction of
costs for tlﬁe r?%’icl%l %falnd(rl:n‘te én%ﬁﬁar8Fu§c§fuat(iheneperd;sent i nvention. 2. The
present invention uses the drain-to-vacuum process to effectively link (1)
the wet clean and 25 the vacuum heat dryi ng, ((Zf) the wet clean and the

vacuum freeze diig 2 ahote3yachemwerpareinsard FAe -diycerehn, sahdtases
heat control un] 1%%P§Pt?€gESSgh%bf;ht g:h%fffeo b 3 Cél{%%?é)“t the
produci ng and recovering o oW di Ssofved-ai r Ccl'eaning soO ion, 30 the
vacuum heat drying, the vacuum freeze drying, 61 the recovery of the
cl eaning solution used in wet clean and the waste solution thereof, and the
15 1. Obtain data about specific gravity of the cleaning
solution to beused, the volume of the cleaning vessel
21, and the volume of the lower vessel 31; set the
relative height difference to be existed between the
middle level 20 and the lower level 30 of the work
20 platform; and calculate the pressure at the liquid

surface 34 1n the lower vessel 31;

2. Supply the cleaning solution to the lower vessel 31

by setting the pump valve 54 to ON, the exhaust valve

25 35 toON, and the lower-vessel valve 33 toON, starting
the drawing pump 53 to draw the cleaning solution

from the rear treatment vessel 51 having normal
internal pressure into the lower vessel 31 until a
predetermined liquid level is reached i1n the lower

30 vessel 31, and setting the exhaust valve 35 to OFF;
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produci ng of medi um vacuum vessel to recover |ow pressure gas used in dry
clean to achieve 5 environnent protection. 3. After using the

dr ai n-t o-vacuum process to produce vacuumin the cleaning vessel, the
present Invention utilizes the physical feature that boiling points 10 of
general liquids |ower wth reduced pressure, so that | owtenperature heat
energy or waste heat may be introduced in perform ng the vacuum heat

dryi ng, recovering the cleaningsol ution and wastesol ution, and produci ng
medi um vacuum vessel to achieve energy 15 saving. 4. The present invention
i npl enents the drain-to-vacuum process to produce vacuumin the cleaning

vessel for the same, 40.f QD Yacuimized A9, & saning esgel. contaiding very
| ow i nt ernal air'pré’s e and vapor pressure T r'omthe gpéaning sol ut’i on,

and uses the heat bgoséteh ngnthe ldippéntredyed vawbenparabere heatisgurce to
vaporize the cleaning solution and other liquids in the vacuum zed cl eani ng
25 vessel, and thdheugpPehEesesl &drvsshuhle aharrhRIpFPAELPPE 10R P Br essure

differentials to cqadense; t haevangr)76d (& eaRLNG 1AL A QN U1 ALNSL LAPOTS

into liquid that is then recovered and stored in the vacuum vessel, so that
operations of vacmamrisetn @r YilmgiBEurdeoverimghe eppary veslswl dd and wast e

sol ution, and 62 prodyuci ng medi um vacuum vessel can be perforned at
ef fectively reduc@dﬂﬁﬁ#%ﬁi 9?1Léﬁﬂg%gaipnent costs. 5 5. The present
i nvention uses the | owdissolved-air cleaning solution and the

drai n-to-vacuum process to produce vacuumin the cleaning vessel for the
sane to form a Yalkegvlatel the caneésagrees ts¢hehdviquigd oy yapos4piassure

fromthe cl.eaning, solution, and s, the 10. he control _unit to_control

the t enper dthr e of Lo UBPRITRLel ol BY XY P S 1 e REaT S8 ds LRt Lo

control the interna tpressyr etak thilngy m@uaafiamdmgclp%? GG ¢esaehw 8Ret hat
rne

the vacuum freeze drying can be effectively perfo at reduced 15
manuf act uri ng and cdandimehts dastiison grom Whe lioyrey] yiedseli $1 1ntoAthet hod

for performng multiple cleaning,a0d.yasuumAry)ng.9080Al £ QR 1 146t 4di no
wet clean, dry cléan,
surface 34 in the lower vessel 31 decreases with the
15 lowered 1liquid surface 34. When the pressure at the
liquid surface 34 in the lower vessel 3lreaches the

preset pressure, set the drawing pump 53 to OFF and

the pump valve 54 to OFF; and

20 5. Actuate the elevating mechanism 22 to adjust the
relative height difference between the middle level

20 and the lower level 30 of the work platform.

The method of implementing the drain-to-vacuum process
25 on the drain-to-vacuum apparatus of Fig. 1 includes

the following steps:

1. Operate the drain-to-vacuum apparatus so that it
1s 1n 1ts initial state or 1n a final state of other

30 operation;
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5 vacuum heat drying, and vacuum freeze drying, in enclosed vessels in one
process w thout using a vacuum system and capable of recovering

| ow- pressure gas used in said operation of dry clean and recovering

cl eaning solution and waste solution to achieve 10 environment protection
and energysavi ng, conprising the steps of: providing a cleaning and vacuum
dryi ng apparatus or a serial nufti-vessel cleaning and vacuumdrying 15
appar at ust hat i ncl udesat | east one drai n-t o-vacuum apparatus, at |east one
vacuum vessel produced from said at |east drain-to-vacuum apparatus, at

| east one heat control unit for vaporizing or sublimating a type of

cl eani ng sol utié)n,Ffi | 35t gn%aplg%t e?é?%élzozfmwti hortﬁgndgfggrqgnvapors
of said cleaning solution, an(]i a pl r af i y of ‘connecti on pi pes; u5|ﬂg a

| ow di ssol ved-air sbrabibg 0} ubpeniamd ehdr aippdo-wasapln pfadéess18n sai d
at | east one 25 drain-to-vacuum apparatus for_said cleaning vessel to
become a vacuumi zeWPEFEAAPHY S LSYBF ~VRES Sdort AV RS vePBe T bR thasYdhy eai r

pressure and vapor, pregauhgpkhQPISAl & &h €891 Ndnsel Ykl ¢ Nedn Pt RE Vol une
of said cleaning vessel thaF is not filled with said 30 cleaning solution,

so that influence Giediatipeedsutdecdpper vegsteloperat 18nsahdisepengor ned
on sai d cl eaning d vacyum dryi apparatys is mnjmzed, an tLlizing
t he physi cal featﬁ‘i- ) Yﬁ;f’e_bdi iﬁgepggﬁ’% ts*Sl Wg%%‘é#ﬁ?ﬂ i ddf‘rot\gf with
reduced pressure, débahebiguigdsabul atedrvVapoFhPresselF eveeduges. pit Bhower ed
tenperature, and that two vacuunvessels of different working tenperatures

woul d have a pressRie Hif fidvenieatdeprfiedravidiy sandr hed atapsrpeessur es,

10 and usi ng sai d at Ig{;}%te one .heat Chon%rlol unltvaeré%aﬁlg\b/?n% \Iraeast one heat

egress unit, such Rhat®sal dménscllnocseed: C ear‘ﬁaﬁlgm\f’essel g corr%'l”élf'éd sai d
operations of dry gheadleafiwgt sellean drhemeiws ulik budlie@cttymusrd to

perform said operations of vacuum 15 heat drying and vacuum freeze_ drying,
to produce nedi umWeRatMeessk|ll 8 trekthboctl andng diepresSdr angast bsed in

said dry clean, and.t e r._Sai I i ng, sol ytio wast tion.
20 2. The net hod a%l%%egg?é%rcﬁ%s%e% %géf}%agell%’eg% %ﬁ%%%lﬁtf%%g%gne

drai n-to-vacuum appr| adn8i BEkUdesed -GlegaRiNp MasSEE; a | ower vessel |ocated
bel ow said cl eaning vessel with a height difference existing between them

and a val vé2equi pped |ink pi pe extended 25 between said cl eaning vessel and

said lover vessel §0,GONBUASRLE LDEALIELLa DR AAALLIET 21380 HAL b paYd

cl eani ng vessel and said | ower vessel belng entCl osed vesse at can be

sealed in a predetiai negparergs 34l savadlekearlihg aedsebplesiimg proveded

auxiliary neans 65 , ]
lower-vessel valve 33. Thecleaningsolutionin the
cleaning vessel 21 flows into the lower vessel 31.

20 When the cleaning solutionbecomes still at aheight,
the sti1ll height of the cleaning solution is the
height of a c¢leaning solution having the same
specificgravitybeingmaintainedunder the pressure
at the liquid surface 34 in the lower vessel 31.

25 In other words, when the cleaning solution 1in the
cleaning vessel 21 flows into the lower vessel 31
to causeriseof liquid surface 34 1n the lower vessel
31, the pressure in the lower vessel 31 i1ncreases

to maintain the level of the cleaning solution in

30 a balanced state. When the cleaning solution in the
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dependi ng on actual needs; said | ower vessel having a big volune and a

| arge cross-section area at liquid surface and being 5 partially filled

with said cleaning solution; and said | ower vessel having internal pressure

that is set according to said height difference between said cl eaning

vessel and said | ower vessel, a specific gravity of said cleaning solution,

a volune of said 10 cl eaning vessel, and the volune of said | ower vessel,

and is lower than a nornmal pressure to enable full draining of said

cl eaning solution fromsaid cleaninq vessel into said | ower vessel; and 15
t

said | ower vessel BérAGIHDVEFSEIWALha Brhhw rr PLARIs oF e g Sdied
cl eaning sol ution ng@xs—afil%‘i OWeh tieSelinh ft 0 8 rfeﬁcrovg(r#n%cggiaﬂé]erth aving
el an

normal internal preSsure or a rear treatnent vess draw ng sai
cl eani ng sol uti on bpprrsaied skl puigreyl20ngobkasinet de¥psad dngear atteatinent

vessel to said | ower vessel and thereby regulating hei ght of and pressure
at the liquid surf368%nagd f | Yevééséﬁ% é?wﬁﬁiékﬁﬁoﬂoﬁgrBFaPﬁé& in

claim1l, whegein the pYPREEnKScOf n§ate Alow&RSTe 958105 AHO-1D-\ASHUR,
apparatus is two, and said cleaning vessel of a first one of said two

dr ai n-t o- vacuum apgar thasbdiag lepneed steasehi?d bememsis at gacuimh zegl d

cl eani ng vessel ofcgegggggdvgﬂgigf,said two drain-to-vacuum apparatus via a
first 30 pipe, and Saird at l'east. one heat egress unit being 66 provi ded
on said first pipe at a predeterm ned position for condensing vapors of
said cleaning solution into liquid; 5 said cleaning vessels of said two

dr ai n-t o- vacuunf apparatusi Hel ng cdG@aieciect tagand zam thgdto e veaE6dm

vessel prodyged byﬁ;%atg ALalRat eﬁgagyg@sg%as@t Eﬁe"igqﬁ%"gﬁ F%'a%%sséa“d
said at | east one heat egress uni SO0 bei'ng nounted on sald Secon pi pes
at 10 predet er m nedhpaewicfi.ons fgineendefseéagingporsobitsahd clreanithg
solution into liquid;, said at | east one heat egress unit al so _bei ng nounted
in said cleani ng vEBBEFS VSIS s& PIRG® 1 aithe =1RRvLRAY 15 858ar 2tusaf6r

condensi ng sai d cl egni 3g,39! ujd igpﬂﬁéegﬁsc%h%tl"e}#élfaég SLF@QBE%VG?‘SG' S
into liquid or solid state; and sald at |east one heat” control unit "being
nmounted 20 i n sai dftbeanmgo veeskd ge divesaied 3 Woh@mavacet omvacpddduced
15 in the cleaning vessel 21, the liquid surface 34
in the lower vessel 31l raises toincrease thepressure
at the liquid surface 34. To drain the surplus
cleaning solution, shut the wvalve 33 of the
lower-vessel, open the pump valve 54, and start the
20 drawing pump 53 to draw the cleaning solution from
the lower vessel 31 into the rear treatment vessel
51l until thepressureat theliquidsurface 34 reaches
the set pressure value, and then shut the pump valve
54; and
25
5. The above steps complete procedures 1n one cycle
of the drain-to-vacuum process to produce vacuum
in the cleaning vessel 21, so as to facilitate a

next cycle of the drain-to-vacuum process.

30
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apparatus for vaporizing said cleaning solution in liquid state in said
cleani ng vessels or sublimating said cleaning solution in solid state in
said cleaning vessels. 25 4. The nethod as clainmed in claim1l1, wherein said
dr ai n-to-vacuum process includes the steps of: a. Setting said at |east one
drai n-to-vacuum 30 apparatus to an initial state thereof or to a 67 final
state of any one of said operations; b. Filling said cleaning vessel with
said cleaning solution and then sealing said cleaning vessel; 5 c.
Produci ng vacuumin said cleaning vessel by opening said valve on said |link
pi pe and admi ttiy §BPd NG SOLUHIAT | Fosdil@el ¥akPng WRI¥TeFYito sai d

| ower vessel tr@én{§iﬁ@r%§\%?%c§%ﬂlein%gr%qr Fir%s@qu GHBtQth%EIan of

cleaning solution in a still state 1s the heigh f cleaning so
t he same speci ftloe gdagi by tolata aow dabeamatotaiafedf undeil liisqui we shief ace

ressure in said sealedq | ower vessel:; and 1 . Drai.ni extra a nt of
a0l cani ng. SIS SRS SR LG ek P Bt ThE e Ll S o el o

l'iquid surface qesssf eudheres nediadinit t4iN9 iS¢l ol e Qh 54 A4 4 £k pi pe,
starting said drawing 20 punp to draw said cl eaning solution fromsaid
| ower vessel il sHid a ¥@dws (( nedntsdiovey) am ddied lioewgr tilear meantxeksel

until said li quirglé 4f qce pressure tien wslatihd aI guer ygésglo rlggcrheecso‘g }[preset
pressure, and then- s utting sald'dﬁamﬁng punB b5 and s@a i ng sai d 1 ower

vessel . 5 . Thexdwtdgens clained in claim4 , wherein said initial state
of said drain-to-vacuum apparatus is set

10 The method of admitting cleaning solution into the

recovery container includes the following steps:

1. Open the vent valve in the upper-flow control unit
23 for the cleaning vessel 21 to have normal internal

15 pressure; and

2. Open thevalve connecting the lower-flowcontrol unit
24 and the recovery container for the cleaning
solution in the cleaning vessel 21 to flow 1nto the
20 recovery container until the cleaning vessel 21 1s
fully drained, and then shut both the vent valve of
the upper-flow control unit 23 and the wvalve
connecting the lower-flow control unit 24 and the
recovery contalner.
25
Please refer to Fig. 2 that is a conceptual diagram
showing the cleaning and vacuum drying apparatus
according to the present invention. Intheillustrated
figure, the apparatus includes two sets of the

30 drain-to-vacuum apparatus of Fig. 1, a plurality of
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t hrough the steps of: 30 68 a. Obtaining data about the specific gravity
of: said cleaning solution, the volune of said cleaning vessel, and the

vol une of said | ower vessel; setting said height difference between said 5
cl eaning vessel and said | ower vessel; and calculating said |iquid surface
pressure in said |l ower vessel; b. Supplying said cleaning solution to said
| omer 10 vessel by opening said valve on said |link pipe, starting said
drawi ng punp to draw said cl eaning solution from said recovery contai ner or
said rear treatnent vessel int saiq:Lomer esse that currently has a

Su% b % gBelg ¥

normal internalVPres8ul 85T i PR3 dt £F 7Pn G@itd 1%7el2 74" Feached

in said |lower vgssetatddd shplitidad iS8) byahygtoBonakd 1l ivHe 4 Pso t o seal
said | ower vessel; c. Regulating said |liquid surface pressure in said 20
| ower vessel byaReri#hpdsaird sHawihgtpoap the debeprand sldartiywn sokuti on

fromsaid seal v Lnto. s recoyery container or said rear
treat nent vess%dld,roa\gﬁ%tgﬁ’ﬁ}?%%s esgé?edﬁa%gg\}m%%gé{ggﬁﬁ: ‘gﬁ'l‘e%e‘égﬁagﬂfa Ui d° sur f ace
pressure in5saizh®bthed adkaudra redsehceachesshi ds pranedécPL 88 pliwes and d.
Adj usting said height difference between said cleaning vessel and said

| oner vessel . JORI ~EEOThERdtIRId WRLEFarfedth tPUPATElomhe&idt rehi d
operation of wef,olganyand, jai dnaperatd QN 0f - YAcUUR hagh ALY argel i nked

t hrough the steps of: conpleting said operation of wet clean, and t%en 5
i npl enent i ngsaidkthchakl o- yaduim pxod esbed oficocucel Vae utihnel relssd i eg eani ng
vessel, and then perform ng said operation of vacuum heat drying in the
vacuuni zed d(ﬁﬁﬁ$&ﬁkﬁs%éﬁf §6B7Fﬂ1 et TR AR 1 YR AEET Nqﬂ%%%ﬁJESWherein

sai d operathon 0f Welq,cd £, anchsaish Opel AT ope Obcyacupiifreezg diying are
| i nked through the steps of; conpleting said operation of wet clean, and

t hen using sai dcdroingiised| vedrarfotrineanl hgrdel opeon tamm ssaiwthciSading
drain-to-vacuunkgég%gss to rodgce vacuum i n,said cl eani ng vessel, and then

perforning said R30n YFY VAt f VEEPE IRy it it arft eyt

cl eani ng vesselgreeze drying, and to recover and store clean cleaning
solution and waste solution.
15
The cleaning vessel 21A of the first drain-to-vacuum
apparatus is connected to the cleaning vessel 21B of
the second drain-to-vacuum apparatus via a pipe, on
a predetermined position of which a heat egress unit
20 80 1s mounted to condense gaseous cleaning solution
passing therethrough into liquid cleaning solution.
Thecleaningvessels 21A, 21Bare connected to the vacuum
vessels 25 obtained from the two sets of drain-to-vacuum
apparatus via pipes, on predetermined positions of
25 which heat egress units B0 are mounted to condense
gaseous cleaning sclution passing therethrough into
liquid c¢leaning solution. The cleaning vessels 21A,
21B are internally provided with heat egress units 80
to condense gaseous cleaning solution in the cleaning

30 vessels into liquid or solid cleaning solution, and
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20 B. The nethod as clainmed in claim1l1l, wherein said operation of wet clean
and sai'd operation of dry clean are linked through the steps of: conpleting
sai d operation of wet clean, and then inplenenting said drain-to-vacuum
process to produce vacuumin said 25 cl eaning vessel, and then perform ng
said operation of dry clean in the vacuum zed cl eani ng vessel. 9. The net hod
as clainmed in claiml, wherein said operation of dry clean and said
recovering of 30 | owpressure gas used in said dry clean are ~o
i mpl enent ed througg the steps of: a. Producing vacuumin said cleaning

i

vessel by inpl efehf iNRA s &G hat =% Q0ubith FRRE e Ol T pard R hg9any one

of said operations,thah Bas saphiin@lcStal i Al $02RPEOAYCLRAY NVAGHI ¢ N gai d
cl eaning vessel; b. Fillingsaid vacuum zed cl eani ng vessel obtained 10 in

step (a) with gas usedcleamngaigd virsysedlsean, so that said cl eaning vessel
beconmes a | ow pressure vessel filled up with said gas; and c. After
conpl etion of said operation of dry clean, 15 upward introducing said

cl eani ng solsut ivileh NHO 1931 -G 04 £/ 88 -4 2SS I1 SIMP i hemvhherreofeihe raise
a liquid surface in said cleaning vessel and thereby exhaust said

| ow- pressure gadrdronteave ci@anPhgceessairq ousnd dfo supdudmizeasthene 20

vacuum vessel connegt &g, ,29.LRA 3ald how RIGISHLA 435 15 compLetely
recovered. | O The ne d as clai'med’i-n claimT, ereéin-sai

| ow- di ssol ved- ardps&t @d S1i@u el tiF bRt He cPRGUGRA s uifiraughishe1 ateps of @ a.
Setting liquid surface pressure for said | ower vessel, so that the liquid
| evel of said clTaawniPhyzseidiedn pevesssis i | Tharefare crbadindgl weseel 30

and covers $ai d, heaf , CRRLLQL, NI, AMQYTASH; LD flocedd 9 sChRAN NG dgssel:
The present invention also employs the physical
features that boiling points of general liquids lower
with reduced pressure and that two vacuum vessels of
different working temperatures would have a pressure
15 differential between their saturated vapor pressures
to cause liquid i1n the vacuumized cleaning vessels 214,
21B to absorb heat of vaporization to produce vapors
that flow through the heat egress units 80 connected
to the vacuum vessels 25 to condense into clean and
20 low-temperature cleaning solution and flow into the
vacuum vessels 25 and be recovered. With the above
arrangements, the cleaning and vacuumdrying apparatus
of the present 1nvention as shown in Fig. 2 can be used
to perform vacuum heat drying, vacuum freeze drying,
25 recovering of cleaning solution or waste solution,
producing medium vacuum, and producing

low-dissolved-air cleaning solution.

Touse apartof thecleaning and vacuumdrying apparatus

30 of Fig. 2 to recover low-pressure gas used 1n dry clean,
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b. Inplenenting said drain-to-vacuum process to produce vacuumin a part of
vol une -of said cleaning 5 vessel; ¢ . Using said heat control unit to heat
said cleaning solution in said cleaning vessel for said liquid surface in
said cleaning vessel to boil ; keeping 10 heatingsaid cl eani ngsol ution
untilthe pressure in said cleaning vessel does not rise any further ; and
d. Returningsaid cleaning vesselto nornmal pressure 15 by draining said

| ow di ssol ved-air cleaning solution into a recovery contai ner havi ng nor nal
internal pressure connected to said cleaning vessel. 20 |l.The nethod as
claimed in cl ai'the clgrr el o VesisP lopéPat § Giendfe atadiim hewtr tisperding

performed through (g SLeRS100s iy RIGHNCL DD, YAEHUM LN, SH d £l gani 99 vessel
by 25 inplenenting Sai raln-to-@%cuun1proce s or perform ng any one of
sai d operationstd hat vhasea1hi nale simteer af bowpeodteibng unacuwas i &f sehd

cl eani ng vessel ;. and 30 b. Usin% said heat control unit to supply heat, so
72 that sai d ¢t2antRg ¥EESElof IR D PWBRkpPBEe to & i RFF AL sai d

cl eani ng ve%_selz@béfrQénh%@tti%lbomﬂeecbm vékgdeheak &antiQrHil ty2Ngs becomes
vapori zed; since a tenperature difference 5 between said cl eani ng vessel

and sai d vacuumwédsechppestulfiionmgcomtsat wrated 3vahohepereguiogdidéseekbnt i al
sai d vaporizedﬁggganing solﬁtion.in sai d cl eani ng vessel being caused to
flow toward a 47 cBBOGRPE E4RfFected to one of 10 said at |east one
vacuum vessel and be condensed into cl ean andl owtenperature

cl eani ngsol ution that flows into said vacuum vessel and is recovered; and
15 c¢. Conti nui Mhe aeavieed f scgab e ehng atle | vy terpesurer gasl eaafnyn

solution until the pressure in _said cleani vessel does not rise any

furt her. 26EH2.%m% ¥YhG4©88 &PS?H% si§%513%ﬁ%ﬁwﬁ%%r% fP84i d operation of
vacuum freeze drying is perforned through the steps of: a. Producing vacuum
in said cleaning vessel by 25 inplenenting. said drain-to-vacuum process or

perforni ng any bonePoddyaied vpevam ons thet kaeaaifighavestsstle 280 By oduci ng

vacuum i n sai d cl eafl ngnURSTRl (ADGAN b o 45000, 58 S DAL s GAPLLY! ROt to

drain-to-vacuum apparatus to its initial state or
15 through other operations that has a final state also

producing vacuum 1n the cleaning vessel 21B;

2. Fill the cleaning vessel 21B with gas by opening
the valve in the upper-flow control unit 23 for
20 connecting the gas vessel 26, and then shut the same
valve when the cleaning vessel 21B has been filled
with a predetermined amount of the gas, so that the
cleaning vessel 21B becomes a low pressure vessel
filled up with the gas; and
25
3. Exhaust the low-pressure gas 1n the cleaning vessel
21B at the time the dry clean is completed by opening
the wvalve in the upper-flow control unit 23 for
connecting the vacuum vessel 25 and the valve in

30 the lower-flow control unit 24 for connecting the

39



tenperature of a workpiece to be dried in said cleaning vessel and | ower
said tenperature to a point |ower than the | owest eutectic point of
conpositions of said workpiece; using said heat 5 egress unit to control
the pressure in said vacuum zed cl eani ng vessel obtained in step (a) and to
supply heat of vaporization to vaporize said cleaning solution left in said
vacuum zed cl eaning vessel, so that a vapor pressure in said 10 cl eaning
vessel is larger than a saturated vapor pressure at a tenperature set for
said heat control unit; and c. Wen the workpiece to be dried reaching a 15

tenperature | ower PHEMUIERETPORARE ddr el ENPSi i SO LERd Il 4 F e
thereof , setting & sybliis LOBHGIRPE ALY 6 01 A1 AL ANl ot f or

the sane to provide sublinmation heat to sublinate sa | eani ng tion in
solid 20 state in dHhHewwoekptieeeebd bhe drnirewd aand qusidgwaidcdent Egs ess
unit to condense v s of said Igfnin so] ution_produced in the course of

or
sublimation into SI%F%bF?dY§F§F Fifhg 5ot igi bR¥EgaPT eSS 1 a2 F nt er nal

pressure of ssai d 2, cligank NgaNEsgelekgekiepl pPels0W,a 1SAL Y ARG V@R 4
pressure at said sublimation tenperature; and d. Continuing the above

procedures until t$eope@ssurehenvagugme vessielg Ake'ssaid does not rise 30 any
further. 74 13 . The nethod as clainmed in claim1 , wherein said
recovering of cleaning solution and waste solution is perforned through the

steps of: 5 a. 4lsigwue théestaoke ah sad @Wpdeasiofneceltedn Athvessel as a
vapori zation vessel for vaporizing said cleaning solution or said waste
solution, and a séVhd-omeedtLBdi gh&t vegasm oies sgleaddi ng 10 vessel as a
recovery v§§sel for recovering clean cleaning solution and solution; b.
Setting liquid surface pressure for said | ower vessel connected to said

vapori zati on vasiseise lbesert iat Fagheimghthf sai4 ebgaBbr@a30lditdprmmwr said
wast e sol ution becones still in said vaporization vessel and covers a heat
control unit pr dAER henceRPodhBestt ¢ hgl ¢ i 8k mrldde e esehicd dady i d

| ower vessel C%Qﬁaﬁ&&& é@g{/gngoaﬁSSQX%% X%%%?‘ld'ins éoh%hesﬁr%svg}que

recovery
invention. In the illustrated embodiment, there is

15 shown three cleaning vessels 821A, 821B and 821C
included in the apparatus. It can be found that this
apparatus includes components similar to those included
in the cleaning and vacuum drying apparatus of Fig.
2 except that 1t further includes vacuum valves B, C

20 to serially connect the cleaning vessels 821A, 821B,
821C to one another, and vacuum valves A, D as 1nlet
and outlet, respectively, for a workpiece 90
transferred by means of a conveyer to enter and leave
the apparatus, respectively. As shown in Fig. 3, the

25 cleaning vessels B21B and 821C in their initial state
are vacuumized cleaning vessels obtained by using the
low~dissolved-air cleaning solution and the
drain-to-vacuum process on the apparatus or the present
invention. The method of performing cleaning and

30 vacuum drying on the serial multi-vessel cleaning and
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vessel can becone a vacuum vessel; c. Using said cleaning solution or said
waste solution to be recovered and said drain-to-vacuum 25 processonsaid

dr ai n-t o- vacuum appar at usof sai d vapori zati on vessel to produce vacuumin a
part of volunme of said vaporization vessel; and using clean and

| owt enperature cleaning solution or solution and sai ddrai n-to-vacuum
process on said 30 drain-to-vacuum apparatus of said recovery 75 vessel
for said whole recovery vessel to becone a vacuum vessel; d. Using a heat
control wunit ivasaiundayemigzappanalusest Eliar.o3 heatl uidsitbeetmt hgwsobut i on
or said waste %@éﬂgﬁﬁlthat is in said vaporization vessel to be recovered,
so that said cIeaﬁ?ng solution or said waste solution to be recovered
absorbs heat of vaporization and is vaporized; 10 and since a tenperature
di fference between said recovery vessel and said vaporization vessel

resul ting in sdtuPaesy thgp¥p cyuss¥al¥egprand avfg &be saryeygfotrzednel eani ng

solution inssaid \@ROR/Aal PO-YCBREL BRLNG;SAUSE] Ll QU dosLovgbdan heat
egress unit connected to sald recovery vessel an e condensed into cl ean
cl eani ng sol uti on toratshhdthonmhbain t&éonslipit®s sard , racd\wien ghstethe20 14 .
The nethod as clainmed in claiml1l , wherein said nedi umvacuum vessel is
produced t hrough MREVHRPELYS 4/ Using a first one of said at |east one
cl eani ng vessel as a vacuum vessel and a second one of 25 said at |east one
cl eani ng vessel as a recovery

2. Use the low-dissolved-air cleaning solution and the

10 drain~to-vacuum process to produce vacuum in the
firstcleaningvessel 821Awhen theworkpiece therein
has been treated with predetermined working
procedures; open the vacuum valve B and use the
conveyer to send the workpiece into the second

15 cleaning vessel 821B, and then shut the vacuum valve

B;

3. Open thevacuumvalveD when the thirdcleaning vessel
821C has normal_internal pressure and use the
20 conveyer to send the fully treated workpiece out of
the third cleaning vessel 821C; and then use the
low~-dissolved-air cleaning solution and the
drain-to-vacuum process to produce vacuum in the
third cleaning vessel 821C,
25
Please refer to Fig. 4 that is a conceptual diagram
showing the method of producing and recovering the
low-dissolved-air cleaning solution with a part of the
cleaning and vacuum drying apparatus of the present

30 invention. AsshowninFig. 4, whenthedrain~-to-vacuum
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cl eani ng vessel, wherein said vacuum vessel is detachable fronsaid

drai n-t'o- vacuum apparat us; b. Produci ng vacuumin said vacuum vessel and
said 30 recovery cleaning vessel by inplenenting said 76 dr ai n-t o- vacuum
process; c. Using a heat control unit in said vacuum vessel to vaporize
said cleaning solution left in said 5 vacuum vessel, and heating vapors
produced in said vacuum vessel to be dry vapors; since a tenperature

di fference between said vacuum vessel and said recovery cleaning vessel
resulting in saturated vapor pressure 10 differential, said vaporized

cl eani ng sol ut i BACEASSal 3 uggcubimPreshtde Waichgrchnddre cdepndwa veasdla heat
egress unit con§§ct@getlo S@ig %éacg ery t(iléa% ien i/essseclblgggobgbé:onrgggsed
into clean cl eani hg sol utdon tha | Ows 1 ht0 Sai dn?ecovery 15°PBF AR ng
vessel ; and d. ¥epDli ahenhal JqUeasite 0éssal dracandy essal r §0ese NREéatNCr ease
any further, sealing and detaching said vacuum vessel fromsaid

dr ai n-t o- vacuunt¥20tappatat 50 -an RBRPAG tE afdet AcHedsvarriuhgvesdel to

cool , so that @ pRdiyaAVREHYLL; Y FOAUESL in said vacuum vessel . 15 . The
method as clained in claim1 , wierein said serial 25 nulti-vessel cleaning

and vacuum dryi ng apparatus includes a plurality of cleaning vessels being

serially connected_ to one other via a plurality of vacuum val ves, and a
conveyer for trbnsTERFRRPol bBPKpR bEBsAF e sal dl il 41 9¥GF €1 Bhni ng 30

vessels. 77 16. TheghetH0eh a5 Gl AL Mednken wd 2 ML taher ej R saigh opgyation
of vacuum freeze drying is performed on said serial nmulti-vessel cleaning

and vacuum dryi ng Shappdvaeulsowhtemghreerstkpatofnengy Sewhistig lmeatcond
and a third one of said plurality of cleani.ng vessels.to an initial state
by usi ng. St | ove i BERIBHE SR Gih PRy 2o 1 B RmiL sgradaessil

drai n-to-vacuum process on said second and said third cleaning vessel to
produce vacuumtherein, so that said second and said third cl eani ng vessel
beconme vacuum z2d Bheanicdgaregse| svessel 21 provides 1increased

cross-section area at the liquid surface therein to
facilitate vaporization of the cleaning solution;

15 and

3. Arecoverycontainer havingnormal internal pressure,
which 1s generally denoted by reference numeral 95,
1s connected to a valve 1n the lower-flow control

20 unit 24 via a pipe.

The method of producing and recovering the
low-dissolved-alr cleaning solution with the cleaning
and vacuum drying apparatus of Fig. 4 includes the

25 following steps:

1. Set the drain-to-vacuum apparatus included in the
cleaning and vacuum drying apparatus to 1ts initial
state or a final state of other operation, so that

30 pressure at the liquid surface 34 set for the lower
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15 b. Admtting said workpiece to be dried into a first one of said
plurality of cleaning vessels, and actuating a heat control unit in said
first cleaning vessel at normal pressure, so that said 20 workpi ece to be
dried is pre-frozen; using | owtenperature and | ow di ssol ved-air cl eaning
solution and said drain-to-vacuum process to produce vacuumin said first

cl eani ng vessel ; opening a second one of said plurality of vacuum 25 val ves
| ocat edbet ween said first and said second cl eaning vessels to transfer said
wor kpi ece to be dried fromsaid first into said second vacuum zed cl eani ng
vessel ; and then shutting said second vacuumvalve; 30 78 ¢ . Performng

said operation of yaguumkhieart, UN0-E8LvIaLenQIREGe Lo Deodlbed I

said second vacuum ze eani ng vessel; after conpletio sal d operation
of vacuum freeze dvyecngm dpeni pgri aft oldhmne Oftisaid gdrurag i tyseélvacuum
val ves | ocat ed between said second and said third vacuum zed cl eani ng
vessel s, so that satd dried wor kpi ece is transferred fromsaid second into
said third wacuum zed cl eani ng vessel; and then 10 shutting said third
vacuum val ve; and d. Returning said third vacuum zed cl eaning vessel to
normal i nternal 3préssutbeahdatoendgrodi dirdrt el oy kptattetloaitcbéasand third

cl eani ng vessel ; an 5 using,said.l owdi ssol ved- aj | eani ng. sol ut.i on and
sai d drai n-to-vacufuﬂ?ﬁ%ée'eisént 5%& SdGRENE NRR T R :'}a{ d&?’ﬁi%eclﬂe%m‘ﬂg
vessel, so that saidrthtedtgéeanEng RSSE| heCesrs iaueardHll zgduyessel
again. 20 17 . The nmethod as clainmed in claim12 , further conprising the

fol | owi ng steps betbeePgestsoras nyd shhe sd@atimh vessadudh fdeasendtyi ng
actuating sgj d heat SPQééglaH iﬁo%@%SL gg&yal pressure to pre-freeze said
, soO that TFiqu

25 wor kpi ece to be aFie I'n said workpi ece to be dried has
an increased crystal size after being frozen, and using | owtenperature and
| ow- di ssol ved-air cleaning solution and said _drain-to-vacuum process to
produce vacuum fn QReH B0Vl earhgthesygper7flow control unit 23 for

the cleaning vessel 21 to return to the normal
internal pressure, and open the valve of the
15 lower-flow control unit 24 for connecting the
recovery container 95 so that the low-dissolved-air
cleaningsolutioninthecleaningvessel 21l isdrained
into the recovery vessel 95; and thereafter shut the
above-mentioned two valves again.
20
Please refer to Fig. 5 that is a conceptual diagram
showing the method of recovering cleaning solution and
waste solution on a part of the cleaning and vacuum
drying apparatus of the present invention. Whereain,
25 the drain-to-vacuum process 1s employed to produce
vacuum 1n two cleaning vessels, and the physical
features that boiling points of general liquids lower
with reduced pressure, that liquid saturated vapor
pressure reduces with lowered temperature, and that

30 two vacuum vessels of different working temperatures
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18. The method as clainmed in claim10, wherein said heat control unit has a
tenperature range on a gas-liquid equilibriumcurve of said cleaning
solution being 5 used in said nethod, and said heat control unit nmay

i ntroducel owt enperature heatenergy or waste heat. 19 . The nethod as
claimed in claim11l , wherein said heat control unit has a tenperature
range on a gas-liquid 10 equilibriumcurve of said cleaning solution being
used in said nmethod, and said heat control unit may

i ntroducel owt enperature heatenergy or waste heat. 20. The nmethod as
clainmed in clai wredd whevei re spirgssente 19iddemesitimi t biedsreent efipenat ur e
range on a gas-liquid.equilibriumcurve of said cleanjng solutiaon,being
used in said nefﬁoal,raé:r? SEFT h&at Cont rol* uni® p(r?rlé) 8RR 2ecovey tp'e

i ntroducel owt eapenatinge saitenes gyndrvwaste beattidd .21 . The nethod as
claimed in claim19 , wherein said heat control unit has a tenperature
range on a gas-liquid equilibriumcurve of said cleaning solution being

_used in sai CEWE%BOQQC%%IS%% h@f&aﬁ?ﬂgr %1‘&@1%147%\{1@1 waste solutio
i ntroducel owtenperature heat energy or waste heat. 25 22 . The method as

clainmed in clai miR theheleianisgyy carrbatacwomt raty ungtapparaaugd béathegr ess
unit have tenperature ran li hrium curve of

. . e [ a g’es on a gas-sg i d eggi sgi d
cl eani ng sol ut i BASEEY 1OYER §HP e $EhSHC S0€8f1ing vessels of the
apparatus is used as a vaporization vessel 121 to
vaporize the cleaning solution or waste solution, and

10 the other cleaning vessel is used as a recovery vessel
221 to recover and store the cleaning solution or waste
solution. Since boiling points of general liquids
lower with reduced pressure, the heat control unit 60
provided on the bottom of the vaporization vessel 121

15 at a predetermined position may introduce
low-temperature heat energy or waste heat to vaporized

the cleaning solution or waste solution in the
vaporization vessel 121. The vaporization vessel 121

has an upper-flow control unit 123 connected to an

20 upper-flow control unit 223 of the recovery vessel 221
via a condensate pipe 82, near a middle position of
which a heat egress unit 80 ismounted to condense vapors
passing therethrough into 1liquid. The recovery
container having normal internal pressure (not shown)

25 1s connected to a valve in the lower-flow control unit
224 of the recovery vessel 221. In the course of
vaporization, the vaporization vessel 121 canbe timely
replenished from the upper vessel 111 with the cleaning
solution or waste solution to be recovered, in order

30 to maintain the liquid surface i1n the vaporization
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23. The nmethod as clainmed in claim16, wherein said heat control unit and
said heat egress unit have tenperature ranges on a gas-solid equilibrium
curve of said cleaning solution being used in said nmethod. 5 24. The net hod
as claimed in claim 10, wherein said cleaning vessel is a vessel having

i ncreased cross-section area at liquid surface therein to provide increased
area of vaporization. 10 25.The nethod as clainmed in claim 11, wherein said
cl eani ng vessel has a working tenperature higher than that of said vacuum
vessel . 15 26 . The nmethod as clainmed in claim14 , wherein said vacuum
vessel has a wov&snglt 2Aper al tiries Higherndvhad thatvapposaratieeovesyet! eani ng
vessel . 27.The nethod as clained in claim13, rein said 20 vaporization

wh
vessel hasa wor kt g ?%ﬁp%r%ﬁﬁ%bnﬁiEﬁ@PeFﬁﬁﬁrﬁhﬁéggFrsﬁpanrE@S&eP§ fResel .

28. The method ascelairiedelskeal 2bm 13ndMR8EChBag 8RR8I AhQYUEHNHasaI d
| ow di ssol ved-air cleaning 25 solution is inplenmentedbefore said step (a)

to renpove air dhsworbédd rremaratendi oy Sbheughenldgusal ceqwist Ebsbhotion to
be recovereq; 29ﬁr32e get@pd g@ecégéned 'ntc%%inl%s, Qpeﬁfin Fh n sgid 30
recovery vessel SYEVEaPlr &S Gner shiY E8AHEASEd clf8aR VST Hngeduce

| ow-t enper at ur ep gt e8lirddd s6Furer 1811 BekukiedNtBtORSpdF DG BYohN s saiLd
recovery vessel, said recovery vessel returns to normal pressure and said
cl ean cl eani ng 33l wnNdHP6er re6PULEFYNVERSSAILE T 86VE? Py Fesstis§]1Wedi ned
Lo B L eCOVer ¥, ROMAL NG ORI DO L ohniGH Nk RECSSH 6L ERRNGA eflelo Sal d
recovery vessel; and sal ulTy drained clean cl'eani ng solution or Solution
and sai d drai n-tecyaeued,pr ocegsetwt hgnssed fForpr odpidAACingn i N shed
recovery 10 vessel, so that said whole recovery vessel beconmes_a vacuum

vessel to fldci|+PUTEESOISAETRL T SLRAIYNSFSSHT B @1 2 iR ATk P BRSENnd
sol ution. 30.Th§nth@@1&g;§gakgﬁ vbﬂdﬂf”d? oly@ﬁrghneﬁgckﬂé%nln

vapori zati on vess is timely replenished wth sal eani ng so ution or
sai d waste sol usobathionberr easwer eblivtidre toWwseratovapedi.zati on, so as to
mai ntain said liquid surface height in said vaporization vessel. 20 31 .
The method as clainmed in claim12, wherein said heat egress unit for

perforning sai dm?%re%ﬂ&a\?%é@&wmﬁaec@zeecﬂéghmegissoln,f@lvw%%d/\d,wtgeans

for speeding up flow ng of said gaseolus cleaning Solution, in order 25 to
obtain an ilifcr esskdtrate 1oicldidgsng.he3X ol Iidwr met hioepas cl ainmed in claiml6
wherein said heat egress unit for performng said operation of vacuum
freeze drying is provided with neans for speeding 30 up flowing of said

gaseous cleaning sdpdiQBe | HhOr dfFaBd-to-vacuum apparatus of the
vaporization vessel 121 so thatitis in the i1nitial

state, and the pressure at the liquid surface set

20 for the lower vessel 131 could maintain the height

of the still cleaning solution 1n the vaporization

vessel 121 and cover the heat control unit 60;

2. Operate the drain-to-vacuum apparatus of the
25 recovery vessel 221 so that it is in the initial
state, and the pressure at the liquid surface set
for the lower vessel 231 could produce vacuum in
the whole recovery vessel 221 for the latter to
become a vacuum vessel;

30
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to obtain an increased rate of drying. 33. A drain-to-vacuum apparatus on
whi ch a drai n-to-vacuum process is inplenmented to produce 5 vacuumin a

cl eani ng vessel or a vacuum vessel, conprising: a work platformthat is
generally divided into three levels , nanely, upper level , mddle |evel ,
and lower 10 level; said upper and said | ower |evels being set to have a

fi xed height difference between them and said mddle |evel including an

el evating nechani smfor adjusting a height of said mddle |evel relative to
said | ower level; 15 an upper vessel that is provided on said upper |evel

of said work platfarse aheacpeacdirey pirnedspessbélonibartsaseinddigread®ld St ori ng
a type of clean cleaning solution therein; said upper vessel bein

connected 20 at a pFrEet et ne P PISPTFBAVEFIMs hELGSIATD a M rstthfid of an
upper - vessel pipe, 42 WighysahdmC! £304 P88l U O Hd AL UPRE!; Yigssel
flows toward a cl eaning vessel; an exhausting pipe being I'ed froma

predet erm ned posi tvesreh 1he botpopdvfesdrduuppéen 25peadsiall twpelaunwt t om of
sai d cl eani ng vesself q:qpendi ng_on. act ual n eg 150 that said cleaning

sol ution in“said upfer Vessr hbdbeli NEr8&licéddtint o said cl eaning vessel
via sai d exhausting pipe to exhaust gas existing in said cleaning vessel;
30 83 a second end of said upper-vessel pipe being connected to an

upper - f 1 ow cont4 ol Uaf £legngapfli k¢ skeaprerasniregcepningnsphusapa epper

vessel flovs into sald,cl&aning y8aselra an UPRRISYGRSELLALNE Beiig:
provided at a 5 pre e]t erm ned position on said upper- 6Ss6l pipe or bel ow
sai d upper vessel fdyaicontsolhtagmdappuaiadulsl @ &hesaiedGianivg SOl ution
fromsaid upper vessel toward said cleaning vessel; 10 said cleaning vessel
bei ng | ocat@d at a 4flede BERANES PBSPUMoARath e AihPIf FREPTRVRIVESTSSai d wor k

platform and bei ngan @&clmgdsg{;ﬁés%r&g%m‘éag RS iRl &hddLp

predeterm ned manner for treating a piece therein; inlet and outlet for
said workpiece to be 15 treated as well as other auxiliary tools and
i nstrunments being provided on said cleaning vessel dependi ng on actual

needs; an upper2f| SRLOMIDVAUN] Yeith§ FPEFTTS M L PreRbt R hi et
position on the to%&iné@%f’n?' eqfing gﬁ&%sggecow cags sgid &l eaning
and a 0

vessel with said upper-vessel pipe; ower - f control unit being
provi ded at5a predetagonineslt posi teebn 1t2le botit drthef vedivee cb€ariing vessel

to communi cate the same with a | ower-vessel, 1{)l pe._via which said cleaning
sol ution flows froMBREEH Pl eGAPKG OFesddll oV i aCPBREC &S elthcat ed

condensate pipe 82 to the recovery vessel 221, use
the heat control unit 60 to heat the cleaning
solution or waste solution to be recovered and
20 currently containedin the vaporization vessel 121,
so that the cleaning solution or waste solution to
be recovered absorb heat of vaporization and be
vaporized. Since a temperature differential
between the recoveryvessel 221 and the vaporization
25 vessel 121 results 1n saturated wvapor pressure
differential, vaporized gas in the vaporization
vessel 121 iscausedtodiffuse toward the condensate
pipe 82 and the heat egress unit 80 and finally
condense into the c¢lean and low-temperature

30 cleaning solution or solution and flow into the
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at a predeterm ned position on said |ower level of said work platform a

| ower - vessel valve that is provided on said 30 | ower-vessel pipe or said

| ower vessel at a position 84 | ower than a liquid surface in said | ower
vessel to control a downward flow of said cleaning solution fromsaid

cl eaning vessel into said | ower vessel; 5 said | ower vessel being an

encl osed vessel that can be sealed in a predeterm ned manner, having | arge
vol une and providing | arge cross-section area at the liquid surface
therein, and being not fully filled with said cleaning solution; auxiliary
tools and 10 i nstrumereennyveespitoldRdedaod said | ower vessel dependi ng on
actual needs; said | ower-vessel pipe being connected at an end opposite to
said lower-flow control unit to a predeterm ned position near a | ower part
of said | ower vesseihd®ithxardceh@aRi 1gssahuts on sl5atka rhltew f samksSenhd

cl eaning vessel into said | ower vessel; an exhaust val ve being provided at
a predet er ni nedposid bye feammun itqRt gid Shiedipporr fyeysmn gl ung thk3in
contact with said c i_n .0 r | at.i.n n, i pressure of
said | ower gb vessejf%gebgﬁggggggr?%%?é%éﬁggﬁﬁé% gB%a?$£5$§$§%e nd To a
predet ermi ned positéanatopsahdtHowal veast tofe appdri-diew ¥esseblanth at a
second end to a drawi ng punp; 25 via said punp pipe, said dramﬁnghpunp
drawi ng sai d cl eani4f® SAMEORR ot g FINErrveieereintdla Feathiteat nent
vessel having nor Mlhd AL Prossuss 251 110Moal fhigoto EEa LB Y eSSel
into said lower vessel , 1n order to regulate height of and pressure at
said 30 liquid surfiaceermabaimed ovwess ; veesethearddl 85 of @humpwenat kot hat i s
provided at a predeterm ned position on said |ower part of said | ower

vessel or & d pumFHipeCt & itontr8l CATPRBICE 18G EDEIRRAPHGTY &ttt on
being drawn by sai dof aykRe PR ©Q AR AV OBLARLY nlVer 2 ¥eR§e!no SRl f

upper-flow control unit being provided at” a predeterm ned position on the
top of said cl eani nghtiérvatgetessureniool ttentalarre dfeagal g o cdant ngn

solution or gas into said cleaning vessel; a plurality of control valves or
functional |y sinil&* S%GHEMY® oo %’g‘aslé é&‘i%é%f‘- 5re&ﬂ‘>ée‘fd’ iG55 W ehper - 1 ow

control uni t dependi ng, 0N @6 Yalneed Alder Rfdatel 1 ol 2B 11861 aleend 53 bei ng

selectively provided to work with said auxiliary tools and instrunents in

sai d cl eanilhg vesseaionmaedtedom rtdle valepasnn vesiseeluggdr ahfovheorm¥od unit

bei ng connected to of her qgvices zuch aSﬁac#un1v%§? |'s, recovery containers
ernal &°F|

20 having nornal it Pk uf 2 %nger RB1 Tof 280 CORTY Tiisse

pipe via a fixed orcre debag@&?l\eeggént;'zl&aidhIt@\@%eéé@é\wwﬁ@im,t bei ng
provi ded at a 25 predeterm nedposition on the bottom of said cleaning

vessel to control &sf khaFidarand kdweahengesalturieonl oueing ssdiukidrani ng
vessel; a plurall tyorOfsog% trgl a\é. | YRs %aIHD%'—QQa'u' éiégk'g%rs 85?@?&“ S
bei ng sel ectively providedinsaidl ower-1Tow controluni €pendi hg on
actual needp alter natd el yo-04B8LM apparatus of the recovery vessel

221 to produce vacuum in the whole recovery vessel

221 for the same to become a vacuum vessel; and open

the valve on the upper-flow control unit 223

communicating the recovery vessel 221 with the

25 condensate pipe 82 to continue the recovery of the

cleaning solution and solution.

Please refer to Fig. 6 that is a conceptual diagram
showing the method of performing vacuum heat drying

30 on a part of the cleaning and vacuum drying apparatus
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86 el enments being selectively provided to work with said auxiliary tools
and instrunents in said cleaning vessel; said control valves in said

| ower - f| ow cont
recovery contai

rol unit being connected to other devices, such 5 as
ners having normal internal pressure and the |ike, or

said | ower-vessel pipe via a fixed or a detachable point; and said
exhausting pi pe being connected at two ends to 10 said upper vessel
said | ower-flow control unit of said cleaning vessel for said clean

solution in sai

d upper vessel to upward flow into said cleaning vess

to

and

ng
el

t he bottom t herebf t@hexhammeiﬁmtexi$bVagtﬁnnsaid cl édwmeivessetheand

sai d exhausting. pi p ein rOVId endln n .actual need. 87
. A ANL. Aa9. Aa% kgﬁ %NSR"Q"/S‘JQE[} }&9, AZ: g:“tw“ and
99. AN. AN. A. A@ A%, Alb- Al At o1 Alim &oée%s%%%p%ef%% paodbal vdtuum

% A. Au9. A . A A

AYNr. A Au % AN. Aa& A. A. Au. AS. A, . AN@ A. A . AN

Vi a

CAN% Al . Aa. A A 10 thos AYeANARGAVAS SAL SA. ARd AheAPAYAiAaA fARtAa@sABha . A

CAULA LA AN A

10

15

20

25

30

@bif?%%?égﬁﬁmg Re %%%eral li1quids lower with reduced

pressure, that liquid saturated vapor pressure reduces
with lowered temperature, and that two vacuum vessels
of different working temperatures would have a pressure
differential between their saturated vapor pressures
areemployed todry theworkpiece. Sinceboilingpoints
of general liquids lower with reduced pressure, the
heat control unit 60 provided on the bottom of the
cleaning vessel 321 at a predetermined position may
introduce low-temperature heat energy or waste heat
to vaporize cleaning solution or waste solution in the
cleaning vessel 321. A vacuum vessel 25 1s connected
to a valve of an upper-flow control unit 323 of the
cleaning vessel 321 via a condensate pipe 82, near a
middle position of whichaheat egressunit 80 is mounted
to condense vapors passing therethrough into liquid.
It 1s noted the heat control unit 60 has a working
temperature on the gas-liquid equilibrium curve of the
cleaning solution, and the cleaning vessel 321 has a
working temperature higher than that of the wvacuum

vessel 25,
The method of performing vacuum heat drying operation

on the cleaning and vacuum drying apparatus of Fig.

6 i1ncludes the following steps:
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showing the method of performing vacuum freeze drying
on a part of the cleaning and vacuum drying apparatus
of the present invention. Wherein, low~dissolved-air
cleaning solution and the drain-to~vacuum process are
5 used to produce vacuum in the cleaning vessel, and the
heat control unit and the heat egress unit are
alternately used to control temperature for drying the
workpiece. The heat control unit 60 1s adapted to lower
the temperature of the workpiece 90 to be dried to a
10 point lower than the lowest eutectic point of the
compositions thereof and to provide sublimation heat
to the workpiece 90 to be dried for the same to sublimate
in the course of sublimation. The heat egress unit 80
1s adapted to condense vapors produced through
15 sublimationintosoclidstateagain, so that theinternal
pressure of the cleaning vessel 521 1s kept below the
saturated vaporpressureat thesublimation temperature.
Both the heat control unit 60 and the heat egress unit
80 have temperature ranges on the gas-solid equilibrium
20 curve of the cleaning solution used i1n the vacuum freeze

drying.

The method of performing vacuum freeze drying on the
cleaning and vacuum drying apparatus of Fig. 7 includes

25 the following steps:

1. Produce vacuum in the cleaning vessel 521 by using
the low-dissolved-air cleaning solution and the
drain-to-vacuum process to set the drain-to-vacuum

30 apparatus of the cleaning and vacuumdrying apparatus
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2. Actuate the heat control unit 60 to lower the
temperature of the workpiece 90 tobe dried to a point
lower than the 1lowest eutectic point of the
compositions thereof, actuate the heat egress unit

10 80 to provide heat of vaporization to vaporize the
cleaning solution left i1n the cleaning vessel 521,
so that vapor pressure in the cleaning vessel 521
is larger than the saturated vapor pressure at the
temperature set for the heat control unit 60; and
15

3. When theworkpiece 90 tobedriedreachesa temperature
lower than the 1lowest eutectic point of the
compositions thereof, set a sublimation temperature
for the heat control unit 60 for the latter to provide

20 sublimation heat to sublimate the solid-state
cleaning solution in the workpiece 90 to be dried,
and use the heat egress unit 80 to condense the gaseous
cleaning solution produced in the course of
sublimation into the solid-state cleaning solution

25 again, so that the i1nternal pressure of the cleaning
vessel 521 is kept below the saturated vapor pressure

at the sublimation temperature.

Please refer to Fig. 8 that is a conceptual diagram

30 showing the serial multi-vessel cleaning and vacuum
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dryving apparatus of the present invention and themethod
of performing vacuum freeze drying on the serial
multi-vessel cleaning and vacuum drying apparatus.
Wherein, low-dissolved-air cleaning solution and the
5 drain-to-vacuum process are used to produce vacuum in
every cleaning vessel, and pre-freezing and condensing
sublimated vapors are alternately implemented to
control temperatures for drying a workpiece 90. As
shown in Fig. 8, three cleaning vessels 521A, 521B,
10 and 521C are serially connected via vacuum valves A,
B, C and D, and provided with heat control units 604,
60B, and 60C, respectively,‘and heat egress units 80.
The first cleaning vessel 521A is used to pre-free:ze
thecleanedworkpiece 90 tobedried, thesecondcleaning
15 vessel 521B1s used to perform the vacuum freeze drying,
and the third cleaning vessel 521C 1s used to output

the dried workpiece 90.

The method of performing the vacuum freeze drying with
20 the serial multi-vessel cleaning and vacuum drying
apparatus of the present invention 1includes the

following steps:

1. Clean the workpiece 90 to be dried in the first

25 cleaning vessel 521A, actuate the heat control unit
60A under normal pressure to pre-freeze the
workpiece 90 to be dried, and use low-temperature

and low~dissolved-air cleaning solution and the
drain-to-vacuum process to produce vacuum in the

30 first cléaning vessel 521A;
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2. Open the vacuum valve B for the workpiece 90 to be
dried to enter the vacuumized second cleaning vessel
521B, and shut the vacuum valve B to perform the

5 vacuum freeze drying 1n the second cleaning vessel

521B; and

3. When the workpiece 90 is fullydried, open the vacuum
valve C to transfer the dried workpiece 90 to the

10 third vacuumized cleaning vessel 521C, shut the
vacuum valve C, output the dried workpiece 90 after

the third cleaning vessel 521C is returned to the

normal internal pressure, and use the
low-dissolved—-air «c¢leaning solution and the

15 drain-to-vacuum process to produce vacuum 1in the

third cleaning vessel 521C.

Please refer to Fig. 9 that is a conceptual diagram
showing the method of producing a medium vacuum vessel
20 on a part of the cleaning and vacuum drying apparatus
of the present invention. Wherein, low-dissolved-air
cleaning solution and the drain-to-vacuum process are
employed to produce vacuum in two cleaning vessels,
and the physical features thatboilingpoints of general
25 liquids lower with reduced pressure, that liquid
saturated vapor pressure reduces with lowered
temperature, and that two vacuum vessels of different
working temperatures wouldhaveapressuredifferential
between their saturated vapor pressures are employed

30 to produce the medium vacuum vessel.
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As shown in Fig. 9, one of the two vacuumized cleaning
vessel is a vacuum vessel 25 that can be detached from
an upper-vessel pipe 12 and a lower-vessel pipe 32
5 connected thereto to form an independent vacuum vessel
25. The vacuum vessel 25 is externally provided with
heat control units 60 to provide a desired temperature
depending on a degree of vacuum to be produced in the
vacuum vessel 25. The vacuum vessel 25 is connected
10 to another cleaning vessel 21 via a condensate pipe
82. Aheat egressunit 80 isprovided on the condensate
p1pe82atapredetermlnedpoéitionnearamlddlesection
thereof for condensing vapors into liquid. The heat
control units 60 have a working temperature on the
15 gas-liquid equilibrium curve of the cleaning solution,
and the vacuumvessel 25 hasaworking temperature higher

than that of the cleaning vessel 21.

The method of producing the medium vacuum vessel with
20 the cleaning and vacuum drying apparatus of the present

invention includes the following steps:

1. Set the drain-to-vacuum apparatus of the wvacuum
vessel 25 and the cleaning vessel 21 to its initial

25 state by using the 1low-dissolved-air c¢leaning
solution and the drain-to-vacuum process to produce

vacuum 1n the two vessels;

2. Usetheheatcontrolunits 60 tovaporize thecleaning

30 solution left in the vacuum vessel 25 and to further
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heat vapors produced in the vacuum vessel 25 to dry
vapors. Since the temperature difference between
the cleaning vessel 21 and the vacuum vessel 25
results 1n a pressure differential, the vaporized
5 gas 1s caused to diffuse from the vacuum vessel 25
toward the condensate pipe 82 and the heat egress
unit 80 and be condensed 1into the clean and
low-temperature cleaning solution that flows into

the cleaning vessel 21 and is recovered; and

10
3. When the i1nternal pressure of the vacuum vessel 25
does not rise any longer} detach the vacuum vessel
25 from its drain-to-vacuum apparatus and the
condensate pipe 82, and allow the vacuum vessel 25
15 to cool, so that a medium vacuum is produced 1n the

vacuum vessel 25.

Please refer to Fig. 10 that is a conceptual diagram
showing the present invention 1s employed to perform
20 dry and wet cleans with multiple types of cleaning
solutions A, B, andC. When a workpiece in the cleaning
vessel must be continuously treated with more than one
type of cleaning solution, corresponding upper vessel
and lower vessel are provided in the apparatus for each
25 type of cleaning solution. Each upper vessel stores
a specific type of cleaning solution that is supplied
to the cleaning vessel according to the preset cleaning
procedures to clean the workpiece. The
drain-to-vacuum process is employed to produce vacuum

30 in the cleaning vessel. The cleaning solutions are
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causedtoflowinto their respectivecorrespondinglower
vessels or be directly drained i1into their respective
corresponding recovery containers having normal
internal pressure. In the embodiment shown inFig. 10,
5 there are three upper vessels 711A, 711B, and 711C
connected toanupper~flowcontrol unit 723 ofacleaning
vessel 721 via corresponding upper-vessel pipes 712,
and three lower vessels 731A, 731B, and 731C connected
to a lower-flow control unit 724 of the cleaning vessel
10 721 via corresponding lower-vessel pipes 732A, 732B,
and 732C. The upper-flow control unit 723 of the
cleaning vessel 721 1s provided with an intake valve
for thecleaningvessel 721 toreturn tonormal pressure.
The lower-flow control unit 724 of the cleaning vessel
15 721 i1sprovidedwithapluralityof valves tocommunicate
the cleaning vessel 721 with a plurality of recovery
containers A, B, and C having normal internal pressure,
so that different types of cleaning solutions are
recovered and stored in their respective recovery

20 containers.

The apparatus of Fig. 10 may be considered as a
combination of several drain-to-vacuum apparatus.
After data about the specific gravity of each type of

25 cleaning solution and the volume of each lower vessel
731A, 731B, 731C are obtained, each type of the cleaning
solutions can be set to its initial state through the
same steps as those for setting the drain-to-vacuum
apparatus to its 1initial state.

30
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15

20

25

30

The method of setting the apparatus of Fig. 10 to 1ts

initial state includes the following steps:

1. Use the drain~to-vacuum process to produce vacuum
in the cleaning vessel 721 according to actual needs
andprocedures 1nperforming the cleaningoperation,
and allow the cleaning solutions A, b, C to flow from
the vacuumized cleaning vessel 721 into the lower

vessels 731A, 731B, 731C, respectively; and

2. Usedrawing pumps to draw surplus cleaning solutions
from the lower vessels 731A, 731B, 731C into thear
respective corresponding normal-pressure rear
treatment vesselsA, B, C, sothatpressuresatliquid
surfaces of the lower vessels 731A, 731B, 731C return

to the pressure values initially set for them.

Methods of performing other operations on the apparatus
of F1g. 10 are the same as those having been described

above in different paragraphs.

Please refer to Fig. 11 that is a conceptual diagram
showing thepresentinventionincludesmultiple working
vessels that are connected to a common upper vessel
and a common lower vessel. The embodiment shown inFigqg.
11 1ncludes an upper vessel 611, three cleaning vessels
621A, 621B, 621C, and a lower vessel 631. The cleaning
vessels 621A, 621B, 621C may have different volumes
from one another. The upper vessel 611 and the lower

vessel 631 are connected to each of the cleaning vessels
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as three independent drain-to-vacuum apparatus.

The apparatus of Fig. 11 can be set to an initial state

5 through the following procedures:

1.
10
15

2
20
25

3
30

Obtain data about the specific gravity of each type
of the cleaning solutions, the volume of each of the
cleaning vessels 621A, 621B, 621C, and the volume
of the lower vessel 631; set the relative height
difference tobe existedbetween thebiggest cleaning
vessel and the lower levél; calculate the pressure
at the liquid surface in the lower vessel 631; and
use the obtained pressure at the liquid surface 1in
the lower vessel 631 to calculate relative heights
between the lower level and another two cleaning

vessels;

. Supply the cleaning solution to the lower vessel 631

by setting the pump valve 654 to ON, the exhaust valve
635 to ON, and the lower-vessel valve 633 to ON,
starting the drawing pump 653 to draw the cleaning
solution fromtherear treatment vessel 1nto the lower
vessel 631 until a predetermined liquid level 1is
reached in the lower vessel 631, and then setting

the exhaust valve 635 to OFF;

. Supply the cleaning solution to the upper vessel 611

by settingall upper-vessel valves 613 toOFF, filling

the upper vessel 111 with the cleaning solution, and
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maintain a liguid surface in the upper vessel 111

at a predetermined height;

5 4. Regulate the pressure at the liquid surface 634 in
the lower vessel 631 by setting all lower-vessel
valves 633 to OFF, and starting the drawing pump 653
to draw the cleaning solution from the lower vessel
631 i1nto the rear treatment vessel having normal

10 internal pressure. The pressure at the liquid
surface 634 in the lower vessel 631 decreases with
the lowered liquid surface 634. When the pressure
at the liquid surface 634 in the lower vessel 631
reaches the preset pressure, set the drawing pump

15 653 to OFF and the pump valve 654 to OFF; and

5. Actuate the elevating mechanisms to adjust the
relative height difference between the lower level
and each cleaning vessel 621A, 621B, 621C.

20

Depending on actual needs and procedures 1n the

operation to be performed, use the drain-to-vacuum

process to produce vacuum in each cleaning vessel 62124,

621B and 621C. After the cleaning vessels are

25 wvacuumized, the cleaning solution flows from the three

vacuumized cleaning vessels into the lower vessel 631.

Use the drawing pump 653 to draw surplus cleaning

solution from the lower vessel 631 into the rear

treatment vessel on a time~-sharing basis, so that the

30 pressure at the liquid surface 634 1n the lower vessel
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631 returns to the initially set pressure.

In brief, the present i1nvention provides a cleaning

and vacuum drying apparatus including one or more sets

5 of drain-to-vacuumapparatus, oneormorevacuumvessels
created by the drain-to-vacuum apparatus, one or more
heat control units for vaporizing or sublimating
cleaning solution, one or more heat egress units for
condensing vapors, and other auxiliary means, such as

10 a plurality of connection pipes. By wusing the
low~-dissolved-air cleaning sclution and the
drain-to-vacuum process on the drain-to-vacuum
apparatus, each cleaning vessel included in the
apparatus could become a vacuumized cleaning vessel

15 having very low air pressure and vapor pressure from
the cleaning solution 1n its volume that is not filled
with thecleaning solution. Thepresentinventionalso
uses the physical features that boiling points of
general liquids lower withreducedpressure, thatliquid

20 saturated vapor pressure reduces with lowered
temperature, and that two vacuum vessels of different
working temperatures would havea pressuredifferential
between their saturated vapor pressures, so that the
enclosed cleaning vessel that has completed dry or wet

25 c¢lean therein could be directly used to perform vacuum
heat drying, vacuum freeze drying, or other operations.
Thus, different operations, including wet clean, dry
clean, vacuum heat drying, and vacuum freeze drying,
could be performed 1n one process, and the low-pressure

30 gas used in the dry clean and the cleaning solution
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and waste solution can be recovered.

It 1s understood the present invention has been
describedwith some embodiments thereof andmany changes
5 and modifications in the described embodiments can be
carried out without departing from the scope and the
spirit of the invention that is intended to be limited

only by the appended claims.

10 The method and apparatus of the present invention for
performing multiple cleaning and vacuum drying
operations 1n enclosed vessels has the following
advantages as compared with other methods and apparatus
known in the prior art:

15
1. The present invention uses a general drawing pump

toreduceinternal pressureof thesealedlowervessel
to increase the degree of vacuum in the cleaning
vessel 1nstead of using a vacuum system. This

20 enables effective reduction of costs for the method

and the apparatus of the present invention.

2. The present 1invention uses the drain-to-vacuum
process to effectively link (1) the wet clean and

25 the vacuum heat drying, (2) the wet clean and the
vacuum freeze drying, and (3) the wet clean and the

dry clean, and uses heat control unit and heat egress

unit to effectively carry out the producing and
recovering of low-dissolved-air cleaning solution,

30 the vacuum heat drying, the vacuum freeze drying,
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the recovery of the cleaning solution used in wet
clean and the waste solution thereof, and the
producing of medium vacuum vessel to recover
low-pressure gas used in dry clean to achieve

5 environment protection.

3. After using the drain-to-vacuum process to produce
vacuum in the cleaning vessel, the present 1nvention
utilizes the physical feature that boiling points

10 of general liquids lower with reduced pressure, so
that low-temperature heat energy or waste heat may
be 1ntroducede1performihg'the'vacuunlheat.drying,
recovering thecleaning solutionandwaste solution,
and producing medium vacuum vessel to achieve energy

15 saving.

4. The present invention implements the
drain-to-vacuum process to produce vacuum in the
cleaning vessel for the same to form vacuumized

20 cleaning vessel containing very low internal air
pressure and vapor pressure from the cleaning
solution, anduses the heat control unit tointroduce
low temperature heat source to vaporize the cleaning
solutionandotherliquids in the vacuumizedcleaning

25 vessel, and then uses the heat egress unit and the
principle of pressure differential to condense the
vaporized cleaning solution or other wvapors into
liquid that is then recovered and stored in the vacuum
vessel, so that operations of vacuum heat drying,

30 recoveringcleaning solutionandwaste solution, and
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producing medium vacuum vessel can be performed at
effectively reduced manufacturing and equipment

costs.

5 5. The present invention uses the low-dissolved-air
cleaning solution and the drain-to-vacuum process
to produce vacuum in the cleaning vessel for the same
toformavacuumizedcleaningvessel havingonlyvapor
pressure from the cleaning solution, and uses the

10 heat control unit to control the temperature of the
workpiece to be dried and the heat egress unit to
control the internal pressure of the vacuumized
cleaning vessel, so that the vacuum freeze drying
can be effectively performed at reduced

15 manufacturing and equipment costs.
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What is claimed is:

1. Amethod for performing multiple cleaning and vacuum
drying operations, including wet clean, dry clean,

5 vacuum heat drying, and vacuum freeze drying, in
enclosedvessels inoneprocess withoutusinga vacuum
system, and capable of recovering low-pressure gas

used in said operation of dry clean and recovering
cleaning solution and waste solution to achieve

10 environment protectionandenergy saving, comprising

the steps of:

providing a cleaning and vacuum drying apparatus or
a serial multi-vessel cleaning and wvacuum drying
15 apparatus that includes at least onedrain-to-vacuum
apparatus, at least one vacuum vessel produced from
said at least drain-to-vacuum apparatus, at least
one heat control unit for vaporizing or sublimating
a type of cleaning solution, at least one heat egress
20 unit for condensing vapors of saidcleaning solution,

and a plurality of connection pipes;

using a low-dissolved-air cleaning solution and a
drain-to-vacuum process on said at least one
25 drain-to-vacuum apparatus for said cleaning vessel
to become a vacuumized cleaning vessel that contains
very low internal air pressure and vapor pressure
from said cleaning solution in a part of volume of
said cleaning vessel that is not filled with said

30 cleaning solution, so that influence of air pressure
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on said operations being performed on said cleaning

and vacuum drying apparatus is minimized; and

utilizing the physical features that boi1ling points
5 of general liquids lower with reduced pressure, that
liquid saturated vapor pressure reduces with lowered
temperature, and that two vacuumvesselsof different
working temperatures would have a pressure
differential between their saturatedvapor pressures,
10 and using said at least one heat control unit and
said at least one heat egress unit, such that said
enclosed cleaning vessel having completed said
operations of dry clean and wet clean therein could
be directly used to perform said operations of vacuum
15 heat drying and vacuum freeze drying, to produce
medium vacuum vessel, to recover said low-pressure
gas used in said dry clean, and to recover said

cleaning solution and waste solution.

20 2. The method as claimed in claim 1, wherein each of
said at least onedrain—-to-vacuumapparatus includes
a cleaning vessel, a lower vessel located below said
cleaning vessel with a height difference existing
between them, and a valve-equipped link pipe extended
25 between said cleaning vessel and said lower vessel
to communicate them with one another; and both said
cleaning vessel and said lower vessel being enclosed

vessels that can be sealed in a predetermined manner;

30 said cleaning vessel being provided auxiliary means
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depending on actual needs;

said lower vessel having a big volume and a large
cross-section area at liquid surface and being
5 partially filled with said cleaning solution; and
said lower vessel having internal pressure that is
set according to said height difference between said
cleaning vessel and said lower vessel, a specific
gravity of said cleaning solution, a volume of said
10 cleaning vessel, and the volume of said lower vessel,
and is lower than a normal pressure to enable full
drainingofsaidcleaningéolutlonfromsaidcleaning

vessel into said lower vessel; and

15 said lower vessel being provided with a drawing pump
for drawing said cleaning solution from said lower
vessel 1into a recovery container having normal
internal pressure or a rear treatment vessel and
drawing said cleaning solution from said recovery

20 container or said rear treatment vessel to said lower
vessel and thereby regulating height of and pressure

at the liquid surface 1n said lower vessel.

3. The method as claimed in claim 1, wherein the number

25 of said at least one drain-to-vacuum apparatus is
two, and said cleaning vessel of a first one of said

two drain-to-vacuumapparatus being connected to and
communicated with said cleaning vessel of a second

one of said two drain-to-vacuum apparatus viaa first

30 pipe, and said at least one heat egress unit being
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provided on said first pipe at a predetermined
position for condensing vapors of said cleaning

solution into liquid;

said cleaning vessels of said two drain-to-vacuum
apparatus being connected to said at least one vacuum
vessel produced by said drain~to-vacuum apparatus
via second pipes, and said at least one heat egress
unit also being mounted on said second pipes at
predetermined positions for condensing vapors of

said cleaning solution into liquid;

said at least one heat egress unit also being mounted
in said cleaning vessels of said two drain-to-vacuum
apparatus for condensing said c¢leaning solution in
gaseous state in said cleaning vessels into liquid

or solid state; and

said at least one heat control unit being mounted
in said cleaning vessels of said two drain-to-vacuum
apparatus for vaporizing said cleaning solution in
liquid state 1n said cleaning vessels or sublimating
saidcleaningsolutioninsolidstateinsaidcleaning

vessels.

. The method as claimed in claim 1, wherein said

drain-to-vacuum process includes the steps of:

a. Setting said at least one drain-to-vacuum

apparatus to an initial state thereof or to a
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b, Filling said cleaning vessel with said cleaning

solution and then sealing said cleaning vessel;

c. Producing vacuum in said cleaning vessel by
opening saidvalveonsaidlink pipeandadmitting
said cleaning solution in said cleaning vessel
into said lower vessel that is in a sealed state;

10 wherein a height of said cleaning solution in
a still state is the height of cleaning solution
of the same specific gravity that could be
maintained under liquid surface pressure in said
sealed lower vessel; and

15

d. Draining extra amount of said cleaning solution
out of said sealed lower vessel and reducing said
liquid surface pressure therein by shutting said
valve on said link pipe, starting said drawing

20 pump to draw said cleaning solution from said
lower vessel intosaid recovery container or said
rear treatment vessel until said liquid surface
pressure in said lower vessel reaches a preset
pressure, and then shutting said drawing pump

25 and sealing said lower vessel.

5. Themethodas claimed inclaim4, wherein said initial
state of said drain-to-vacuum apparatus 1is set
through the steps of:

30
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a. Obtainingdata about the specificgravityof said
cleaning solution, the volume of said cleaning
vessel, and the volume of said lower vessel;
setting said height difference between said

5 cleaning vessel and said lower vessel; and
calculating said liquid surface pressure in said

lower vessel;

b. Supplying said cleaning solution to said lower

10 vessel by opening said valve on said link pipe,
starting said drawing pump to draw said cleaning

solution from said récovery container or said

rear treatment vessel into said lower vessel,

that currently has a normal internal pressure,

15 until a predetermined liquid level is reached
in said lower vessel, and shutting said valve

on said link pipe to seal said lower vessel;

c¢. Regulating said liquid surface pressure 1n said

20 lower vessel by starting said drawing pump to
draw said cleaning solution from said sealed

lower vessel into said recovery container or said

rear treatment vessel, and shutting said drawing

pump when said liquid surface pressure in said

25 sealed lower vessel reachessaidpresetpressure;

and

d. Adjusting said height difference between said

cleaning vessel and said lower vessel.
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operation of wet clean and said operation of vacuum
heat drying are 1linked through the steps of:
completing said operation of wet clean, and then
5 implementing saiddrain-to-vacuumprocess toproduce
vacuum in said cleaning vessel, and then performing
said operationof vacuumheatdrying in the vacuumized

cleaning vessel.

10 7. The method as claimed in claim 1, wherein said
operation of wet clean and said operation of vacuum
freeze drying are linked through the steps of:
completing saidoperationof wetclean, and thenusing
said low-dissolved-air cleaning solution and said

15 drain-to-vacuum process to produce vacuum in said
cleaning vessel, and then performing said operation
of vacuum freeze drying in the vacuumized cleaning

vessel.

20 8. The method as claimed in claim 1, wherein said
operation of wet clean and said operationof dryclean
are linked through the steps of: completing said
operation of wet clean, and then implementing said
drain-to~vacuum process to produce vacuum in said

25 cleaning vessel, and then performing said operation

of dry clean in the vacuumized cleaning vessel.

9. The method as claimed in claim 1, wherein said
operation of dry clean and said recovering of

30 low-pressure gas used 1n said dry clean are
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implemented through the steps of:

a. Producing wvacuum in said cleaning vessel by
implementing said drain-to-vacuum process or

5 performing any one of said operations that has
a final state also producing vacuum in said

cleaning vessel;

b. Fillingsaidvacuumizedcleaningvessel obtained

10 in step (a) with gas used for said dry clean,
so that said cleaning vessel becomes a
low-pressure vessel filled up with said gas; and

c. After completion of said operation of dry clean,

15 upward introducing said cleaning solution into
said cleaning vessel from a bottom thereof to

raise a liquid surface 1n said cleaning vessel

and thereby exhaust said low-pressure gas from

said cleaning vessel to one of said at least one

20 vacuum vessel connected, so that said

low-pressure gas 1s completely recovered.

10.The method as claimed in c¢laim 1, wherein said
low-dissolved-air cleaning solution 1s produced

25 through the steps of:

a. Setting liquid surface pressure for said lower
vessel, so that the liquid level of said cleaning
solution becomes still in said cleaning vessel

30 and covers said heat control unit provided 1in
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salid cleaning vessel;

b. Implementing said drain-to-vacuum process to
produce vacuuminapartof volumeof saidcleaning

vessel;

c. Usingsaidheatcontrolunit toheatsaidcleaning
solution 1n saird cleaning vessel for said liquid
surface in said cleaning vessel to bo1l; keeping
heatingsaidcleaningsolutionuntil thepressure
insaidcleaningvessel doesnotriseany further;

and

d. Returningsaidcleaningvessel tonormal pressure
by draining said low-dissolved-air cleaning
solution into a recovery container having normal
internal pressure connected to said cleaning

vessel.

11.The method as claimed in c¢laim 1, wherein said
operation of vacuum heat drying is performed through

the steps of:

a. Producing vacuum in said cleaning vessel by
implementing said drain-to-vacuum process or
performing any one of said operations that has
a final state also producing vacuum in said

cleaning vessel; and

b. Using said heat control unit to supply heat, so
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that said cleaning solution left on a workpiece
to be dried in said cleaning vessel absorbs heat
supplied by said heat control unit and becomes
vaporized; since a temperature difference
between said cleaning vessel and said vacuum
vessel resulting 1in saturated vapor pressure
differential, said vaporized cleaning solution
in said cleaning vessel being caused to flow
toward a heat egress unit connected to one of
said at least one vacuum vessel and be condensed
intocleanandlow-temperature cleaningsolution
that flows into said vacuum vessel and is

recovered; and

Continuing recovering said clean and
low~-temperature cleaning solution until the
pressure in said cleaning vessel does not rise

any further.

20 12. The method as claimed in c¢laim 1, wherein said

25

30

operation of vacuum freeze drying is performed

through the steps of:

Producing vacuum 1in said cleaning vessel by
implementing said drain-to-vacuum process Or
performing any one of said operations that has
a final state also producing vacuum 1in said

cleaning vessel; and

Using said heat control unit to control a
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temperature of a workpiece to be dried in said
cleaning vessel and lower said temperature to
a point lower than the lowest eutectic point of
compositions of said workpiece; using said heat
5 egress unit to control the pressure in said
vacuumized cleaning vessel obtained in step (a)
and to supply heat of vaporization to vaporize
said cleaning solution left in said vacuumized
cleaning vessel, so that a vapor pressure 1n said
10 cleaning vessel is larger than a saturated vapor

pressure at a temperature set for said heat

control unit; and

c¢. When the workpiece to be dried reaching a

15 temperature lower than the lowest eutectic point
of the compositions thereof, setting a
sublimation temperature for said heat control

unit for the same to provide sublimation heat

to sublimate said cleaning solution 1n solid

20 state in the workpiece to be dried, and using
said heat egress unit to condense vapors of said

cleaning solution produced in the course of
sublimation into said solid-state cleaning

solution again, so thatinternal pressure of said

25 cleaning vessel is kept below a saturated vapor

pressure at said sublimation temperature; and

d. Continuing the above procedures until the
pressure in said cleaning vessel does not rise

30 any further.
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13. The method as claimed 1in claim 1, wherein said
recovering of cleaning solution and waste solution

is performed through the steps of:

a. Using a first one of said at least one cleaning
vessel as a vaporization vessel for vaporizing
said cleaning solution or said waste solution,
and a second cne of said at least one cleaning

10 vessel as a recovery vessel for recovering clean

cleaning solution and solution;

b. Setting liquid surface pressure for said lower

vessel connected to said vaporization vessel,

15 so that a height of said cleaning solution or
said waste solution becomes still in said
vaporization vessel and covers a heat control
unitprovidedtherein; andsettingliquidsurface

pressure for said lower vessel connected to said

20 recovery vessel, so that said whole recovery

vessel can become a vacuum vessel;

¢. Using said cleaning solution or said waste
solutiontoberecoveredandsaiddrain-to-vacuum

25 processonsaiddrain-to-vacuumapparatus of said
vaporization vessel to produce vacuum 1in a part

of volume of said vaporization vessel; and using

clean and low-temperature cleaning solution or
solutionandsaiddrain-to-vacuumprocessonsaid

30 drain-to-vacuum apparatus of said recovery
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a vacuum vessel;

d. Using a heat control unit 1n said vaporization

5 vessel to heat said cleaning solution or said
waste solution that 1s i1n said vaporization

vessel to be recovered, so that said cleaning

solution or said waste solution to be recovered

absorbs heat of vaporization and is vaporized;

10 and since a temperature difference between said
recovery vessel and said vaporization vessel

resulting in satﬁrated vapor pressure
differential, said vaporized cleaning solution

in said vaporization vessel being caused to flow

15 toward a heat egress unit connected to said
recovery vessel and be condensed 1into clean

cleaning solution or solution that flows into

sald recovery vessel.

20 14 . Themethod as claimedinclaiml, wherein said medium

vacuum vessel is produced through the steps of:

a. Using a first one of said at least one cleaning

vessel as a vacuum vessel and a second one of

25 said at least one cleaning vessel as a recovery
cleaning vessel, wherein said vacuum vessel is

detachable from saiddrain-to-vacuumapparatus;

b. Producing vacuum in said vacuum vessel and said

30 recovery cleaning vessel by implementing said
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drain-to-vacuum process;

c¢. Using a heat control unit in said vacuum vessel
to vaporize said cleaning solution left i1n said
vacuum vessel, and heating vapors produced in
said vacuum vessel to be dry vapors; since a
temperature difference between said vacuum
vessel and said recovery cleaning vessel
resulting in saturated vapor pressure
differential, said vaporized cleaning solution
in said vacuum vessel being caused to flow toward
a heat egress unit cénnected to said recovery
cleaning vessel and be condensed 1into clean
cleaning solution that flows into said recovery

cleaning vessel; and

d. Wheninternal pressure of said vacuumvessel does
not 1ncrease any further, sealing and detaching
said vacuum vessel from said drain-to-vacuum
apparatus, and allowing said detached vacuum
vessel tocool, sothatamediumvacuumis produced

in said vacuum vessel.

15. Themethodas claimed inclaiml, wherein said serial
multi-vessel cleaning and vacuum drying apparatus
includes a plurality of cleaning vessels being
serially connected to one another via a plurality
of vacuum valves, and a conveyer for transferring
a workpiece through said plurality of cleaning

vessels.
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16. The method as claimed in c¢laim 1, wherein said
operation of vacuum freeze drying is performed on
said serial multi-vessel cleaning and vacuum drying

5 apparatus through the steps of:

a. Settinga secondanda thirdone of saidplurality
of cleaning vessels to an initial state by using
said low-dissolved-air cleaning solution and

10 said drain-to-vacuum process onh said second and
said third cleaning vessel to produce vacuum
therein, so that said second and said third
cleaning vessel become vacuumized cleaning
vessels;

15

b. Admitting said workpiece tobedried intoa first
one of said plurality of cleaning vessels, and
actuating a heat control unit in said first
cleaning vessel at normal pressure, so that said

20 workpiece to be dried is pre-frozen; using
low-temperature and low-dissolved-air cleaning
solution and said drain-to-vacuum process to
produce vacuum in said first cleaning vessel;
opening a second one of said plurality of vacuum

25 valves located between said first and said second
cleaning vessels to transfer said workpiece to
be dried from said first into said second
vacuumized cleaning vessel; and then shutting
said second vacuum valve;

30
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c. Performingsaidoperationofvacuumfreezedrying
for said workpiece to be dried in said second
vacuumized cleaning vessel; after completion of
said operation of vacuum freeze drying, opening

5 a third one of said plurality of vacuum valves
located between said second and said third
vacuumized cleaning vessels, so that said dried
workpiece 1s transferred from said second into
sald third vacuumized cleaning vessel; and then

10 shutting said third vacuum valve; and

d. Returningsaidthirdﬁacuumizedcleanlngvessel
tonormal internal pressure andmoving saiddried
workpiece out of said third cleaning vessel; and

15 using said low-dissolved-air cleaning solution
and said drain-to-vacuum process to produce
vacuum in said third cleaning vessel, so that
said third cleaning vessel becomes a vacuumized
vessel again.

20

17.Themethodasclaimedinclaim1l2, further comprising
the following steps before performing said operation
of vacuum freeze drying: actuating said heat control
unit wunder normal pressure to pre-freeze said
25 workpiece tobedried, sothatliquidinsaidworkpiece
to be dried has an increased crystal size after being
frozen, and using low-temperature and
low-dissolved-air ecleaning solution and said
drain-to-vacuum process to produce vacuum in said

30 cleaning vessel.
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18. The method as claimed in claim 10, wherein said heat
control unit has a temperature range on a gas-liquid
equilibrium curve of said cleaning solution being

5 used 1n said method, and said heat control unit may

introduce low-temperature heat energy or waste heat.

19. The method as claimed in claim 11, wherein said heat
control unit has a temperature range on a gas-liquid

10 equilibrium curve of said cleaning solution being
used in said method, and said heat control unit may

introduce low~temperature heat energy or waste heat.

20.The method as c¢laimed in claim 13, wherein said heat

15 controeol unit has a temperature range on a gas-liquid
equilibrium curve of said cleaning solution being

used in said method, and said heat control unit may

introduce low-temperature heat energy ocr waste heat.

20 21.The method as claimed in claim 14, wherein said heat
control unit has a temperature range on a gas-liquid
equilibrium curve of said cleaning solution being
used 1n said method, and said heat control unit may

introduce low-temperature heat energy or waste heat.

25
22 .The method as claimed in claim 12, wherein said heat
control unit and said heat egress unit have
temperature ranges on a gas-solid equilibrium curve
of said cleaning solution being used in said method.

30
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23.The method as claimed in claim 16, wherein said heat
control unit and said heat egress unit have
temperature ranges on a gas-solid equilibrium curve

of said cleaning solution being used 1n said method.

5
24 . The method as claimed 1n claim 10, wherein said
cleaning vessel 1is a vessel having 1increased
cross-section area at liquid surface therein to
provide increased area of vaporization.
10

25.The method as claimed in claim 11, wherein said
cleaning vessel has a working temperature higher than

that of said wvacuum vessel.

15 26 . Themethodasclaimedinclaiml4, wherein said vacuum
vessel has a working temperature higher than that

of said recovery cleaning vessel.

27.The method as claimed in claim 13, wherein said
20 vaporization vessel has a working temperature higher

than that of said recovery vessel.

28.The method as claimed in claim 13, wherein a step

of producing said low-dissolved-air c¢leaning

25 solutionisimplementedbeforesaidstep (a) to remove
airdissolved in said cleaning solution or said waste

solution to be recovered.

29.The method as claimed in claim 13, wherein when said

30 recovery vessel is saturated and said condensed clean
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and low-temperature cleaning solution or solution
stops flowing 1into said recovery vessel, said
recovery vessel returns to normal pressure and said
clean cleaning solution or solution in said recovery
5 vessel is drained into a recovery container having
normal i1nternal pressure connected to said recovery
vessel; and said fully drained c¢lean cleaning
solution or solution and said drain-to-vacuum
process being used to produce vacuum in said recovery
10 vessel, so that said whole recovery vessel becomes
a vacuum vessel to facilitate subsequent recovery

of said cleaning solutioﬁ and solution.

30. The method as claimed in c¢laim 13, wherein said
15 vaporization vessel is timely replenished with said
c¢leaning solution or said waste solution to be
recovered in the course of vaporization, so as to
maintain said 1liquid surface height in said
vaporization vessel.
20
31.The method as claimed in claim 12, wherein said heat
egress unit for performing said operation of vacuum
freeze drying is provided with means for speeding
upflowingofsaidgaseouscleaningsolution,inorder

25 to obtain an increased rate of drying.

32 .The method as ¢laimed 1n claim 16, wherein said heat
egress unit for performing said operation of vacuum
freeze drying is provided with means for speeding

30 up flowing of saidgaseous cleaningsolution, inorder
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to obtain an increased rate of drying.

33.A drain-to-vacuum apparatus on which a
drain-to-vacuum process is implemented to produce
5 vacuum in a cleaning vessel or a vacuum vessel,

comprising:

a work platform that 1s generally divided i1nto three
levels, namely, upper level, middle level, and lower
10 level; said upper and said lower levels being set
to have a fixed height difference between them, and
said middle level 1ncluding an elevating mechanism
for adjusting a height of said middle level relative
to said lower level;
15
an upper vessel that is provided on said upper level
of said work platform at a predetermined position
for receiving and storing a type of clean cleaning
solution therein; said upper vessel being connected
20 at a predetermined position of its bottom to a first
end of an upper-vessel pipe, via which said cleaning
solution i1n said upper vessel flows toward a cleaning
vessel; an exhausting pipe being led from a
predetermined position on the bottom of said upper
25 vessel to a bottom of said cleaning vessel depending
on actual need, so that said cleaning solution in
said upper vessel maybe introducedinto saidcleaning
vessel via said exhausting pipe to exhaust gas
existing in said cleaning vessel;

30
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toanupper-flowcontrolunit, viawhichsaidcleaning
solutioninsaidupper vessel flowsinto saidcleaning
vessel; an upper-vessel valve being provided at a
5 predetermined position on said upper-vessel pipe or
below said upper vessel for controlling downward flow
of said cleaning solution from said upper vessel

toward said cleaning vessel;

10 said cleaning vessel beinglocatedat a predetermined
position at said middle level of said work platform,
and being an enclosed veésel that can be sealed 1in
a predetermined manner for treating a workpiece
therein; i1nlet and outlet for said workpiece to be

15 treated as well as other auxiliary tools and
instruments being provided on said cleaning vessel
dependingon actual needs; anupper-flowcontrol unit
being provided at a predetermined position on the
top of said cleaning vessel to communicate said

20 cleaning vessel with said upper-vessel pipe; and a
lower-flow control unit being provided at a
predetermined positionon thebottomof said cleaning
vessel to communicate the same with a lower-vessel
pipe, via which said cleaning solution flows from

25 said cleaning vessel toward a lower vessel located
at a predetermined position on said lower level of

said work platform;

a lower-vessel valve that is provided on said

30 lower-vessel pipe or said lower vessel at a position
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control a downward flow of said cleaning solution

from said cleaning vessel into said lower vessel;

5 said lower vessel being an enclosed vessel that can
be sealed in a predetermined manner, having large
volume and providing large cross-section area at the
liquid surface therein, and being not fully filled
with said cleaning solution; auxiliary tools and

10 instruments may be provided on said lower vessel
depending on actual needs; said lower-vessel pipe
being connected at an end c;pposite to said lower-flow
control unit to a predetermined position near a lower
part of said lower vessel for said cleaning solution

15 to flow from said cleaning vessel into said lower
vessel; an exhaust valve being provided at a
predeterminedpositionnear a top of said lower vessel
that is not in contact with said cleaning solution
for regulating an internal pressure of said lower

20 vessel;

a pump pipe that 1s connected at a first end to a
predetermined position at said lower part of said
lower vessel and at a second end to a drawing pump;
25 via said pump pipe, said drawing pump drawing said
cleaning solution from said lower vessel into a rear
treatment vessel having normal internal pressure or
fromsaidrear treatment vessel into said lower vessel,
in order to regulate height of and pressure at said

30 ligquid surface 1n said lower vessel; and
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said upper-flow contrcol unit being provided at a
predetermined position on the top of said cleaning
10 vessel to control entrance of said cleaning solution
or gas into said cleaning vessel; a plurality of
control valves or functionally similar elements
being selectively provided in said upper-flow
control unit depending on actual need; alternatively,
15 other elements being selectively provided to work
with said auxiliary tools and instruments in said
cleaning vessel; said control wvalves 1in said
upper-flow control unit being connected to other
devices, such as vacuum vessels, recovery containers
20 having normal internal pressure and the like, or to
sald upper-vessel pipe via a fixed or a detachable

joint;

said lower-flow control unit being provided at a
25 predetermined positionon thebottomof said cleaning
vessel to control draining of said cleaning solution
out of said cleaning vessel; a plurality of control
valves or functionally similar elements being
selectively provided in said lower-flow control unit

30 depending on actual need; alternatively, other
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elements being selectivelyprovided towork with said
auxiliary tools and instruments 1n said cleaning
vessel; said control valves in said lower-flow
control unit being connected to other devices, such
as recovery containers having normal 1internal
pressure and the like, or to said lower-vessel pipe

via a fixed or a detachable joint; and

said exhausting pipe being connected at two ends to
said upper vessel and said lower-flow control unit
of said cleaning vessel for said cleaning solution
insaiduppervesseltoupwérdflowintosaidcleaning
vessel via the bottom thereof to exhaust gas existing
in said cleaning vessel, and said exhausting pipe

being provided depending on actual need.
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