8 Novenber 2006 METHOD AND APPARATUS FOR PERFORM NG MULTI PLE Ehﬁﬁ%kp%&#ﬁﬁ%
VACUUM DRYI NG OPERATI ONS | N ENCLOSED VESSELS FI ELD OF THE IN% e

present invention relates to nethod and apparatus for perform ng wet

cl ean, dry clean, vacuum heat drying, and vacuumfreeze drying in one
process w thout using a vacuum system and capable of recovering

| ow- pressure 10 gas used in dry clean, and recovering cleaning solution
and waste solution to achieve environment protection and energy saving.
The appat atus i At TS 2410 PERMRAGIE FORAPRRFORMABGUMUBRRRLE 2 85k ARE yhLeast

one vacuum vessel »ypf QHUGRHA, f e al h-to-vacuum appar atus, at |east 15
one heat control unit for va%%&%gogé%ﬁﬁﬂqﬁaﬂ’nﬁNcépéﬁﬁi H§S&BILGt i on, at

| east one heat egress unit for condensing vapors of the cleaning solution,

and other auxiliary instrunents, including a plurality of connection
pi pes. A | owdissol ved-air cledmifi RF Bt IHENEIOed and a
drai n-to-vacsum process is perforned on the drain-to-vacuum appar at us,

such that a cleaning vessel, which is not fully filled with the cleansing

sol ution, becond§eaPryacanm yevseltibaviayavesytolmueh sl eimalsgid, pressure
enabling a m nim zed

and vapor pressyge he 25 ¢l eani ng sol ution,
i nfl uence of any |%rofp;r%£érglsﬁ?é”egthc RY™ o fErat 1 B! paEctiuRbleah dthaingl eani ng

and vacuum dryi agdappatainuSrecz&N@rPLESENL odd ' ,qrm% oys, physi cal
features that boiling points of energl Iioqui és Iéoea%r Wi }hc}ll%%dl cétf
pressure, that 305t §YSALHr 2 24 cr@pdrl epe & ssurcer geidhus 2 6 wwiphta dsewer ed

10 gasusedjj1dryclean,andrecoveringcleaningsolutién
and waste solution teo achieve environment protection
and energy saving. Theapparatusincludesatleastoné
drain-to-vacuum apparatus, at least one vacuum vessel
produced from the drain—to—vacuunlapparatus, at least

15 one heat control unit for vaporizing or sublimating
qleaning solution, at least one heat egress unit feor
condensing vapors of the dleaning selution, and other
auxiliary instruments, including a plurality cof
connection pipes. A low—dissblved—air ¢leaning

20 solution is used and a drain-to-vacuum process is
performed on the drain—to-vacuunlapparatus, such that
a cleaning vessel, which is not fully filled with the
cleansingsolution,becomesavacuumvesselhavingvery
low internal air pressure and vapor pressure from ﬁhe

25 cleaning solution, enabling a minimized iﬂfluence of

- any air pressure on any operation performed on'the.
cleaning and wvacuum drying apparatus...The pPresent
inventionemploysphysicalfeaturesthatboilingpoints-'
of general liquids lower with reduced pressure, that

30 liguid saturated vapor pressure reduces with lowered




1 8 Novenber 2006 tenperature, and that two vacuum vessel s og ,@N FrﬁBEPﬁOOB
wor ki ng tenperatures woul d have a pressure differential between tﬁhelr
saturated vapor pressures, so that the enclosed cleaning vessel in a

seal ed state can be 5 directly used to perform vacuum heat drying or vacuum
freeze drying after dry and wet cleans have been conpleted therein.
Therefore, wet clean, dry clean, vacuum heat drying, and vacuum freeze
drying can be conpleted in one process, and | ow pressure gas used 10 in
dry clean and cl i tion d ste_solution can be recovered to

achi eve envi ronnent %?%?lg%%foann%% e Ty 2 S A h Y S SERERGREUNDE EETFHE

| NVENTI ON 15 | wearlgengtahnpelraanireg aogl dhivats Precessc &i‘?fsréﬁtigiua! ly

provi ded one or ltie?' e .cl ean working vessels, at where a workpiece is

cl eaned before ﬁg{r’(be b diger rerftuEted nexeonop ke prareer nebothdtytng. For a
finished 20 producl 8 ecioLAihgat, rioratio vacuum dryin IS
particul arly needed. Wen a cl éa%gd éfé:astfﬁelsheé tapr%é e gi §t \‘?eoceiq'h Bfd
exposed to at no§pErctly msgslite pbefoont sacnaneHeby @avihgl 68 Rg&hH, Thus,
it is desirable evel. a nethod to conplete cleaning and 25 vacuum
drying of a wor kgite%f% i%?E%gsfrreteorned’éVea?ﬁf%gwe\t?es%JéfaWtﬁé‘ﬁﬂe thremeed of
using an expenskcweplatetintheysdiedn ant dredFdel e %jl%!re&laip e can
manufacturing costs. 30 It is a conmon practice in a cleani'ng process to.
use vacuum heat drying, and vacuum freeze drying can be

completed in one process, and low-pressure gas used
10 in dry clean and ¢leaning solution and waste solution
canlxarecoveredtxnachieveenvironmentprotectionand

energy saving.

BACKGROUND OF THE INVENTION
15
In a general cleaning and drying process, there is
usuallyprovidedoneornmltiplecleanworkingvessels,
atwhereaworkpieceiscleanedbeforebeingtransferred
to a next work platform for drying. For a finished
20 productrsubject to heat deterioration, vacﬁum drying
is particularly needed. When a cleaned finished
product is moved in and exposed to atmosphere, it would
be contaminated by particles again. Thus, it 1ig
desirable to develop a method to complete cleaning and
25 wvacuum drying of a workpiece in the same one c¢leaning
vessel without the need of using an expensive vacuum
system and to largely reduce related manufacturing

costs.

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



2 8 Novenber 2006 chemcal solutions to clean off residual s
t he workpi ece surface, such as particles, oxides, netal irrpugilaﬁveigﬁﬁ%i?dbs
films, etc. It is possible that hazardous substances | eak due to
vaporization during 5 the cleaning process. Such hazardous substances tend
to expl ode and cause fires, resulting in serious damages and |osses and
adversely affecting operators' health. Therefore, a cleaning system using
encl osed vessel s has advantages of reduced consunption of chem cal 10

sol utions and puie-eder, : C i.SSi O f_waste .gases and reduced
drai ning of waste water, ggﬂggrﬁggrgegg \;%\/irj:;e%%a Ocr}ofgv%er\ Jf%ﬁ%'} dpBfiteressi ng
system In a known tlearinkp jrocesscistag enchosedbyessel ss, d5iapsanount
of cl eaning sol lﬁ{é@% I, traduced Ui nto,an encl osed cl eani ng vessel that
is sealed in a prédefermned Hanfér, “anBSausFFi aryt éguPpreablef thht

cl eani ng vessel heenpvisiconiwataeass feomdhe synfa6e; o5 1be yorLkpiece.

After the cl g\gni ngeéi s conpleted, the 20 cleaning solution 1s drai ned and
the cl eaned Wor Kpi%eEee2nd NeRBPEG SEr-onStkE khzaningsveskstaandst tanaf er r ed

to another worKk +p) &t f 05 8%f00g QL YLOG; n dry cl ean, process, a vacuum
systemis enpl oyed éS to draw %%?gf&flte%g’fjé?%g@g 8§n'%§e5é§é’c§l P PEDduce
vacuum therei nanthépeakseandadypesoly gast ¢ St i NG rasheedo -8t 0,4 e, vessel

to chemcally r%ﬁ%trv%jth t he vgr%[))i ece to be cleaned, so that oxides on
the surface of the Workpi‘ede S =tE tRAUTEHESPhBSdPgaringd cgees! ivee dsweins dr awn,

and the 30 wor kpagcexdaNeshed Wet h-Dyk S dalQh, oG8t e yery clean,
10 solutionsandpurewater,andreducedemissimaofwaste‘
gases and reduced draining of waste water, as éompared

with a conventional open ciéaning system.

In a known cleaning process using enclosed vessels,
15 an amount of cleaning solution is introduced into an
enclosed cleaning vessel that is sealed in a
predetermined manner, and auxiliary equipment of the
cleaning vessel removes contaminants from the surface
of the workpiece. After the cleaning is completed, the
20 cleaning solution is drained and the cleaned workpiece
is removed from the cleaning vessel and transferred

to another work platform for drying.

hiaknowndrycleanprocess,avacuumsystemisemployed
25 . todrawair out of the cleaning vessel to produce vacuum
therein. Thereafter, a type of gas is introduced into
the vessel to chemically react with the workpiece to
becleaned,sothatoxidesonthesurfaceoftheworkpiece
are reduced. The cleaning gas is then drawn, and the

30 workpieceiswashedwithpurewatertoéreateveryclean,




3 8 Novenber 2006 particle-free surface having a |ayer of naéls“ al Oéi dfOOG
film However, the use of vacuum system considerably increas Q¥fenber

cl eaning cost. 5 In a known vacuum heat drying process, a vacuumpunp isS
enpl oyed to draw a worki ng vessel to produce proper degree of vacuum
therein. The vacuum zed working vessel is then heated at a | ow
tenperature, so that noisture and volatile natters in the workpiece to be

10 dried vaporize into vapors that are drawn out with the vacuum punp to
dry the workpi egerd0-PLOESEL SQHER ipcluded in the vacuum system from
too much heat and vapors produced g%?%arl\‘gr ﬁga%lidlna %Ihé’f{]/ﬁﬁajirfﬁt PERdeit s
necessary to i nstigim. réfq‘vregemanttmrmp:reesfmmsystneﬁyiéean@oﬂébéérgﬂﬂkp”ent
on the working vessel_ Jleading the vacuum punp, so as to condense the
gaseous vapors into alsli%sﬁi?ma?e?énﬁ?scﬁﬁgvents the existing vacuum heat
drying process from being a good design. 20 In a known vacuum freeze drying

process, a wprkpiece, to be dried is first frozen until noisture in the
wor kpi ece is”frdFed FROYTS AT dredt FHored trroces s v as e duyi pgmpessel

is drawn to prodgcempacydm an j |, _pr.essure thereof, so that
the 25 solid-state r\;\l}gt e? in tﬁ%r%ﬁ%%?gggﬁe%@%éﬁ&ﬁ 28 ?EOégﬁBI?ﬁﬁP%ﬁ and

drawn to producéegieguref nvelk@udr ytingrevesselThd hirscptasess i%rking

di sadvant ageous ayse it ., uses a refrigerant conpressor to freeze the
wor kpi ece to bggggiegd Tand R %39%§U%Fn BURBt deaParatYeE /actrntiBot dr yi ng

vessel to produseigacudmabiierneiln a1 d M Sa®s in the workpiece to be
10 dried vaporize into vapors that are drawn out with the

vacuum pump to dry the workpiece. To protect equipment

included in the vacuum systém from too much heat and

vapors produced during heating and vaporization, it

is necesaary'to install refrigerant compressor system

15 and other equipment on the working vessel leading the

vacuum pump, so as to condense the gaseous vapors into

liquid water. This prevents the existing vacuum heat

drying process from being a good design.

210 In a known vacuum freaze drying.process, a workpiece
to ba dried is first froéen until moisture in the
workpiece is frozen into solid state. Thereafter, a
vacuum drying vessel is 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 in the drying
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



4 8 Novenber 2006 tinme. At this stage, liquid water in the nkpi ece t
dried has not yet been frozen into the solid state, and gaswgrhg naﬁ?rgq&e
t he vacuum system contai ns saturated vapors fromthe vaporized liquid
water. The saturated 5 vapors tend to condense into drops in the vacuum
system. to damage parts and conponents thereof. Although it 1is possible to
install a freezing systembefore the vacuumpunp to freeze the saturated
vapors contained in the air drawn out of the vacuum drying vessel, the 10
dryi ng cost woul gdihacrea r.di ngl y. fore,. the existing vacuum
freeze drying process isgﬁco}?ﬁﬁ%%eﬁ’e%th}gg gﬁ‘.‘%ﬁv%ﬂ% R "G RIFRe to
processes, clean?aviped didomcdnge t1bevactiton: € vi igo GRRS ald1Gry AGte,

separately cond i, differen rking environnents. Therefore, 'a
wor kpi ece” or a %?%%ggts %%%W%OH&OEOE%IV SNALFRERTH2 i ed tivmatteel sane
one cl eani ng vessgbors &xdn ith@ vApokakgal Vi b Ls 6358d. OP&k; tgggu%g%te and
consi derabl e_20 i nconveni ence in handling the cleaning and vacuum ﬁlryi ng
operations. Pt i‘@R¥eT dFdk tPr FRRIBY S £ Hen § o deamersr i b & idevelcomr spEewad

met hod and appard Ug:f feLndn i ple, cleanin 25 _and vacuum dryi ng
operations to elinmi natée&%%dvanrgt a(geégmeé?lg Thy Eﬁe’fﬁgfabo‘%gﬁﬁﬁﬁﬂpohéd
conventional cl éaniRfss dpbe vacuunsdayilng treekaigie sy SHOMVARY: OF. THE.

I NVENTION 30 5
vacuum pump to freeze the saturated vapors contained

in the air drawn out of the vacuum drying vessel, the
10 drying cost would increase accordingly. Therefore,
the existing vacuum freeze drvying process is not a

perfect design.

With the existing processes, cleaning operation and
15 vacuum drying cperation are separately conducted in
different working environments. Therefore, a
workpiece of'a product could not be cleaned and vacuum
dried in the same one cleéning vessel, resulting in -
largely increased operating cost and considerable
20 inconvenience in handling the cleaning and vacuum

drying operations.

Itisthereforetriedbytheinventortodevelopimproved
method and apparatus for performing multiple cleaning
25 andvacuumdryingoperationstoeliminatedisadvantages
existing in the above-mentioned conventional cleaning

and vacuum drying techniques.

SUMMARY OF THE INVENTION
30




8 Novenber 2006 A primary object of the present invention is_to proyid
cl eani ng and vacuum dryi ng met hod and apparatus for perform ﬁd‘?%m%ﬁrgmﬁ
operations of wet clean, dry clean, vacuum heat drying, and vacuum freeze
drying in enclosed 5 vessels in one process w thout using a vacuum system

and capabl e of recovering | ow pressure gas used in the dry clean and
recovering cleaning-solution and waste solution to achieve environnment

protection and energy saving. 10 The cleaning and vacuum dryi ng appar at us

of the present A pwarid bAGl4des 31 t__Qne_drain-to:vacuum apparatus,

at |east one vacuum vesxgglo gr eat ed vieébt%%%en rgpﬁ-efléc-l\%‘chﬁ UPpAVALSEs, at

| east one heat corRz®Ind52adi traboumy @poring nge o Ubhd NBbhAGathe q:—l?gani ng
an

solution, at le eat r.e unit far condensin vapors, ot her
auxiliary appar t%%?gjgrﬂ%ﬂgénsuel cl ?li%f???ﬁ@tdioﬁ’égs‘?fw gEgencoty ol eanit

vaporizes or subldumt eeattheryi QY] 6ol vsohid r5iale &Lgi‘ﬂ%’lgu golytion 20 in
t he vacuum zgd cl eaning vessel, and the heat egress ni t condenS&&t he
gaseous cl eaRi ng/ SHIT o iF'Q R& © SpFEuHiFt oM tcheaniang vasse &9k eehi qui d or

solid-state clegy ag-501W Len ralnr  to -vacuum appar at us uses
ow di ssol ved- a1 cl ohn ng solﬁ%%%ﬁeg%gbgla ]F"ealsrswgf&%%%d{ﬁﬁ%llé‘c*ég@ to
produce vacuum ¥ % lvd ezgl eardl ngparesselng sd ddain§ heo Ob €285 NYnhMesSEL becones

a vacuum vessel ving very low internal air pressure and vapor pressure
from the cl eani rslgﬁs?o J%fn %ﬁy?Sglﬁ"i"ﬁi A/t PRESDAf PHieheetabnakndpeessgye on

t he whol e saving,.

10
The cleaning and vacuum drying apparatus of the present
invention includes at least one drain~to-vacuum
apparatus, at least one vacuum vessel created via the
drain-to-vacuum apparatus, at least one heat control

15 wunit for vaporizing or sublimating the cleaning
solution, at least cne heat egress unit for condensing
vapors, and other auxiliary apparatus, sucﬁ as
conneéting'pipes. The heat control unit vaporizes or
sublimatestheliquhﬂorsolid~statecleaningsolution

20 in thelvacuumized c¢leaning vessel, and the heat egress
unit condenses the gaseous cleaning solution in the
vacuumized cleaning vessel into liquid or selid-state
cleaninggolution. Thedrain-to-vacuumapparatus uses
low-dissolved-air cleaning solution and a

25 drain-to-vacuum process to produce vacuum in the
cleaning vessel, so that the cleaning vessei becomes
a vacuum.vessel having very low internal air pressure
and vapor pressure from the cleaning solutieon to
minimize the influence of air Pressure on the whole

30 process. Meanwhile, the present invention uses the




30 process. Meanwhile, the present invention uses the 6 8 No ﬂ%‘f g
physi cal features that boiling points of general |iquids Iovve}'g’ Yémper 4008
pressure, that liquid saturated vapor pressure reduces with | owered
tenperature, and that two vacuum vessels of different 5 working

t enper at ures woul dhave a pressure differential between their saturated

vapor pressures; and uses heat <control unit and heat egress unit to

regul ate tenperature and vapor pressure inside the vacuum zed cl eani ng

vessel , so that giefioal qealnpledinich @8, 401 LDLT Qe L owd enperatyre heat
S o Sor RPTEERL o

energy or waste heat for the cleaning so ut1on on” a wor
absorb heat of 1\ﬂapt;1rdszat1|0®n$ranﬁ1bb vrammez@dplrraetsm@aé, Whtht 1 hgsedq
arrangenents, drg cl eans, vacuum heat drying, and vacuum freeze

drying can be co)r%p eaevm t BFRCT5 HE SR onkeLrESAI ng Mdssel owanedt he

recovery of | OWelml:eﬁEaJnEreg,a%rLtS&dualthBYVﬁbﬁﬁﬁ f8dsbhe LLCOVLEY e
cl eaning solution and waste solution can also be achieved. 20 Anot
obj ect of the pr&Sent”d h¥BREFBHUFS St prdlnrde 2 eFeaniing C@lﬁfaﬁa@ut,mﬁryl ng

met hod and appabatyeddghe NSL £aSE of vacuum of _cl eani ng
vessel by Using a gener ar dr aa ng Eﬁzrirph%%?g%%eess 6 pressire® 1975 seal ed
| over vessel inspeddodf wusiing andichemtsysigeras25 uiien wacuwaas. been

produced in the cI earﬁg; 9,,vess Jowalthe cl eani ng vessel beconmes a vacuum zed

cleaning vessel \Fét 1 P& siine gredsla &hmaarporized essur e
produced by thectkeaningd wdsli ONsbNthB® the heat control unit may

10 introduce low~-temperature heat energy or waste heat
for the cleaning solution left on a workpiece to absorb
heat of vaporization and be vaporized intorgas. With
these arrangements, dry and wet cleans, vacuum heat
drying,andvacuumfreezedryingcanbecompletedwithin

15 the same one cleaning vessel; and the recovery of
low-pressure gas used in dry clean and the recovery
of cleaning solution and waste solution can also be

achieved.

20  Another object of the present invention is 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
inasealedlowervesselinsteadofusingavacuumsystem.

25 When vacuum has been produced in the cleaning ﬁessel,
the éleaning 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



cl eaning vessel. Therefore, the influence of air 30 pressure @Hyacugn1£ﬁﬁ%
drying and vacuum freeze drying 7 8 Novenber 2006 is mnim vegnier
effectively reduce costs of the cleaning and drying process. The present
invention relates to cleaning and vacuum 5 drying nethod and apparatus for
performng multiple operations of wet clean, dry clean, vacuum heat
drying, and vacuum freeze drying in enclosed vessels in one process

wi t hout using a vacuum system and capable of recovering | ow pressure gas

used 11 the dry £ anand l0cs ecoarng o) eankag sol ut Lon and vaste

solution to achieve environnment prot oncan
cl eani ng and vacnindiryimg pp@aéakus of the present |nvent|on i ncl udes at
| east one drain-to-vacuum 15 apparatus, at |east one vacuum vessel created

via the drain-to-vacuum apparatus, at |east one heat control wunit for

vapori zi ng Or!Hﬂﬂéfﬁﬁéé&hﬁrEhﬁ%@ﬁﬂbHQre?QEHE'eg’cf&ahgﬁgtagae he%&megress
unit for condensing vapors, and other auxiliary apparat Such-as™2o
connecti ng p?pe§rYﬂﬂ9rﬂﬁ&h%@n@F6IaHnﬁrawﬁpofqupqrfOEmimgnmﬁeslpme li quid

or solid-state ¢lgan | the vacuunm zed cl eani ng vessel, and
the heat egress unit &%B%%S#ts‘léggt%leeagnasg&fscC‘F%’&nivr?gc"s‘ﬂ?&ﬁa AFRipHe
vacuum zed cl earimy weesset freoezéi quiydngr i50ldnd 1At 2ds £4 £8N1 RO, 521 uti on.

The drai n-to-vacuum apparatus . enpl oys the principle that a |iquid height
is mintain undé&® SHBXY FSHNY PhE2ERSENEHE teal,.uehdncknabhe ofl eani ng

vessel, so that Hchewd:aa NG WMeSed s @@&Qﬁﬁ?used in the dry ¢lean and

i0 recovering cleaning solution and waste solution to

achieve environment protection and energy saving.

Thecleaningandvacumndryingapparahn;ofthepresent
invention includes at 1least one drain—to—vaéuum
‘15 apparatus, at least one vacuum vessel created via the
Qrain—to—vacuum apparatus, at least cne heat control
unit for vaporizing or sublimating the cleaning
gsolution, at least one heat-egresé unit for condensing
vapors, and other auxiliary apparatus, such as
20 connecting pipes. The heat control unit vaporizes or
sublimatestheliquhﬂorsolid—statecleaningsolution
in the vacuumized cleaning vessel, and the heat egress
unit condenses the gaseous cleaning solution in the
vacuumized cleaning vessel into liqﬁid.or solid-state
25 cleaning solution. The drain-to-vacuum apparatus
employs the principle that a liquid height is maintain
under pressure to drain the cleaning solution in the
cleaning vessel, so that the c¢leaning vessel becomes
& vacuum vessel having very low internal air pressure

30 andvaporpressure fromthe cleaning solution. The very




a vacuum vessel having very lowinternal air pressure 30 and or es e
fromthe cleaning solgtiony The very 8 8 hbvgnber 2006 |OM/¥§@EWH8595$¢H6
pressure exists because air dissolved in the cleaning solution diffuses

t hrough vacuum zed volune in the cleaning vessel when the liquid is
drained fromthe enclosed cl eaning vessel to produce vacuum 5 therein.
Therefore, the use of such | owdissolved-air cleaning solution as the

cl eaning solution in the drain-to-vacuum process is helpful in mnimzing

the influence of,alf+pLESS the whol e process. Meanwhile, the
present invention. USes taeu% ?gjlr}ceasiseiﬁ efeécalts%rse =PRYF bdT FiHg Pol ed of
general |iquidsihowbe chethingduced tpes sureu shate Hrid wsatunat sy vapor

pressure reduces with | overed teagerature, and that two vacuum vessels of
different working P@ﬁp’e?éﬁ’ﬁr‘é%ea BFd anre! ¥herethardd adiifd beahtd mtedet ween

their 15 saturafedmv&h@regkggggggsglgggiH§e§eggé§ &an E%Eu%ﬂgﬂf and heat

egress unit to regulate tenperature and vapor pressufe i nside THE™

vacuuni zed d eahPfgedBsselheseforat, thhadweat ssarit 1 ok-diisk omayed-tioduce
or the cleaning solution 20

| owt enper at ur e . _ene wast e heat
toon e La8Ring J&W%@ %%tggfibé%o?iﬁﬁP?Bﬁ S P apsritte& into

|l eft on a workpiece to absor

gas. Wth thesedastangerealcsiundby o Wal helieans, iylaﬁggqynqezqtngdrt)geng, and
vacuum freeze drying can be conpleted within the same one cl eaning
vessel ; and thel?éiBgEP? off | Gpr BEsgEE rgasonsethe n w25 ldr ypelean,s .t he

produci ng of madbumHUACUIMNRSSE Ssef0: nb R e 8RO, OfnS! ERNLNY SO utT o
10 features that boiling points of general liquids lower
with reduced pressure, that ligquid 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
pressureinsidethevacuumizedcleaningvessel,sothat
the heat contreol 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 ¢leans, 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'oflnediunlvacuum'vessels, and
the recovery of cleaning solution and waste solution
can also be done to achieve environment protection and

enerdy saving.

3G In brief, by using the low-dissolved-air cleaning




can al so be done to achieve environment protection and ener gérﬁavi ng. %)
In brief, by using the | owdissolved-air cleaning 9 8 Novermb&8NOiaber 2006

solution and the drain-to-vacuum process on the cleaning and vacuum dryi ng
apparatus of the present invention, operations of 1) wet clean and vacuum
heat drying, 2) wet clean and vacuum freeze drying, and 3) 5 wet and dry
cleans can be linked to performon the same one apparatus; and, by using
heat control unit and heat egress unit, operations of 4) vacuum heat
drying, 5) vac e i 6),_recovering cleaning solution and
wast e sol ution, L%a%\mdg%e&gro uaéi nq:gfea ééc?sé"l S VSt Win FFARRIIMOTo Ebeover
the | ow pressurelgmsnisednd theudny dreliean agan e con + nued éj;'tégg Ly on

e C

t he sane appar ati%%entq eani r}Dg and, vacuum dryi ng apparatus 15 €ani ng
and vacuum dryi ng apparat U heCpF kent! Walveheronandcvadesmabekeast one
dr ai n- t 0- vacuumdrappay atys weal cheast aaaevxéeumﬁﬂsa'?s' afLea] ed_vi.a ! he

drai n-to-vacuum apparatus, at |east one heat contro unti Por 9gp% i zing
or sublimting tRe BREaATYigFermylqan be, Latkbdast rene dwabreghassam@i t for

condensi ng Vvapggks. r. i liary.apparatus, such as connecting
pi pes. Werein, ga%c?gg%ir%tgtﬂ\%és%g%’ ibr}gflééélgpﬁ?% 19 A A and Rerbum
dryi ng appar at usgrrssaynbe, We@ﬁjﬁﬂaérﬁnd)hefﬁ@tjmﬂ-ﬂé&ﬁ/wépp@r atus to
serve 25 as an indeﬁengent vacuum vessel s; 2) may serve as a vessel for

dry clean, wet (PEXH™ UHEGGR RERLNEr y§ hdecxrerinmy faleerel iy yalgy tir@cover i ng

cl eani ng sol uti gAdangdste solution, and 7) producing a vessel of medium
10 vacuum to recover the low-pressure gas used in the dry

clean can be continued directly on the same apparatus.,

Cleaning and wvacuum dryving apparatus

15 The cleaning and vacuum drying apparatus of the present
invention includes at least one drain-to-vacuum
apparatus, at least one vacuum vessel created via the
drain-to-vacuum apparatus, at leaét one heat control
unit for vaporizingl or sublimating the cleaning

20 solution, at least one heat egress unit for condensing
vapors, and other auxiliary apparatus, such as
connecting pipes. Wherein, a cleaning vessel included
in the cleaning and vacuum drying apparatus 1) may be
separated from the drain-toe-vacuum apparatus to serve

25 as an independent vacuum vessels; 2) may serve as a
vessel for dry clean, wet clean, vacuum heat drving,
vacuum freeze drying, recovering cleaning solution and
waste sclution; 3) may be equipped at pProper positions
with other auxiliary equipment, such as heat control

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

10



waste solution; 3) may be equi pped at proper positions wth gther
auxiliary equi pmeZ]t, guch ag heat control 30 unit and heat egPdiQv&pper 2006
dependi ng on actual needs; 10 8 Novenber 2006 4) nay be connected to the
vacuum vessel s through connection pipes; 5) may be connected to a recovery
cont ai ner having normal internal pressure; and 6) may be connected to a

cl eani ng vessel included in another 5 drain-to-vacuum apparatus. Wth a
saturated vapor pressure differential due to a tenperature difference

between the vacyym gheaning vessel and the vacuum vessel, the solution
in the vacuuni zed cl eaning Vesser s Ca Y2 RB8oMs Shedts ofhvapeohi zat i on

and produce 10 vaporectihat 10861 0BAr flai/hgevacwipMessels., The, eat —egress
units are provided on the connection pipes between the vacuum zed" ¢l eani ng

vessel s and t he PRGNS N 88BN RO Prdpér teasiatli pme stso reondens 6) gaseous

cl eani ng sol uti ea EBhAelit@d doCheaning; sl YLl that., 15 i.s. then r.ecovered
and stored in the vacuum vessels. The v cu%%ggésls% §UHGY B P ERed to
recover | ow pr8§sdine tgasyametn | appheaduy .cl edrth |8 parheamealg v4he,

operations of v heat,.dryi ng, .recovering  cleaning solution or waste
sol ution, usi nggg%glggvﬂeed%gg%\??g’-tdi ErEahP iy teFMRT o r ausd ffreotroiang
medi um vacuum vbesek®n the heatue@BbHOL1HRLE nBr PULURS ,RytEIPEralUre range
on a'gas-liquid equilibriumcurve of the cleaning solution. Afd 1

performng the Vﬁﬁé?étf! b oo Wnlekemify tbe evatryimized hel dweat ng arid<ls 25, unit
and the heat eg{QSéaHQEHDESVAQSOES"RSE%tH%EVQSQ ?%ation and produce

10 wvapors that flow toward the vacuum vessels. The heat
egress units are provided on the connection Pipes
between'the*vacuumized cleaﬁing'vessels and the vacuunm
vessels at proper positions to condense gaseous
cleaning solution into liquid cleaning solution that

15 is then recovered and stored in the vacuum vessels.
The vacuum vessels may also be used to recover
low-pressure gas used in the dry clean. In performing
the operations of wvacuum heat drying, recovering
cleaning gsolution or waste solution, using

20 low-dissolved-air cleaning solution, and Preoducing
medium vaéuum'vessels, the heat control unit provides
a temperature range on a gas~liquid equilibrium curve
of the cleaning solution. And, in performing the
operation of vacuum freeze drying, the heat control

25 unitandtheheategressunitprovidetemperatureranges
on a gas-solid equilibrium curve of the cleaning

solution.

When the cleaning and vacuum drying apparatus includes

30 apluralityofcﬂeaningvessels,thesecleaningvessels

11




on a gas-solid equilibriumcurve of the cleaning solution. n the
cl eani ng and vacuum dryi ng apparatus includes 30 a plurali t\y/\gﬁi‘%?faaﬁrﬁﬁoﬁ
vessel s, these cleaning vessels 11 8 Novenber 2006 can be interconnected

by neans of vacuum val ves,

and workpi eces can be transferred anong these

cl eaning vessels by neans of conveyers, so that a serial nmulti-vessel

cl eani ng and vacuum drying apparatus is 5 provided.
apparatus The drain-to-vacuum apparatus provides a |ink pipe

Dr ai n-t.0- vacuum
10 havi ng

val ve control fu i T Link pi is connected at two ends to a
cl eani ng vessel éﬁéié?”%ﬁgrrceggggFgﬁhéy REGE SaOfelVaFivE Neilgies disfider ence
between them BottkphecekeaninNea essehs28d Lhe Joey t\!ﬁér%g' Fl%%%i%m'osed

vessel s and can be sgeled in a predeterm ned 15 manner.

can be seal ed anH3& 5 Y eB€BASvoPtimE MY $ %I d ssurthee or oserseati on

ower “véssel

area. The | owermwesselebsseNoti Yl ¥ féhhegag%%g.%g§%§h§§$%§38F50|ution

and has internal pressure that is sef accor
the rel ative®20 R giedi f f erence between the cleaning vessel and the

| ower vessel

the specific gravity of the cleaning solution used in

cl eaning and drying operations, the volune of the cleaning vessel,

volume of the IDowem-wesselculrapher£teani ng solution in the 25 cleaning
vessel to be conpletely drained into the | ower vessel when the cl eaning

solution has very |ow specific

10

15

20

25

30

The drain-to-vacuum apparatus provides a link pipe
having wvalve control function. The link pipe is
connected at two ends to a cleaning vessel and a lower
vessel that have a relative'height difference between
them. Both the cleaning vessel and the lower vessel
areenclosedvesselsandcanbesealedinapredetermined
manner. The lower vessel can be sealed and has
increasedvolumeandliquidsurfacecross—sectionarea.

The lower vessel is not fully filled with the cleaning

§° el udi ng

t he
and t he

solution, and has internal pressure that is set

according te many factors, including the relative
height difference between the cleaning vessel and the
lower vessel, the specific gravity of the cleaning
solution used in the cleaning and drying operations,
the volume of the cleaning vessel, and the volume of
the lower vessel. For the cleaning solution in the
cleaningvessel1xnbecompletelydrainedintothelower
vesselwhenthecﬂeaningsolutionhasverylowspecific
gravity and the relative hgight,difference between the
cleaning vessel and the lower vessel is very small,
the lower vessel usually has internal pressure that

is much lower than the atmospheric pressure. The lower

12




gravity and the relative height difference between the cleangqﬁ%ves el @&9
the I ower vessel is very small, the |ower vessel usually has”i vamber 2
pressure that 30 is nuch |ower than the atnospheric pressure. The |ower 12
8 Novenber 2006 vessel is connected to a drawing punp for draw ng the

cl eaning solution out of the |ower vessel into a recovery container having
normal internal pressure or a rear treatnent vessel. Wen the | ower vessel
isin a sealed 5 state, starting the drawing punp will cause the internal
pressure of theJé%%%l%?s%%néé){Q% ce with the lowered liquid level in
the | ower vessel'. Drain-to-vacuum procds§ 216 "thevgpPafart 8reaéagntpeocess
of the present idventimonsolsthasesh 08 it ToRELGRIddo VaGYUT PLOdyci ng
principle, nanmely, a liquid |evel is naintained under pressure. THe 1 ower
vessel has int eATACPrERS IRV Rdt PEMEet i Dt exaedr diawp $wre her rel asave

hei ght di f f er enege hgtwaenvhe 1cl eamning t ower _vessel , the
specific gravity of the cl ela%%ilng g@le&t F%ﬁ?ﬁ%@&%s&%& %F Thé S%Tg?aﬂi ng
vessel, and ¥ he s\@itsves bR rtheglbvedrees sglpummnd Lilscaegeakech byrmgans of

t he draw ng pu f he .cl eani ng vessel is fully filled with the

cl eaning sol ut”?gﬁéasﬁ]%f% %gn{%%éﬁoéqcfr an Sgﬁvg‘?\feecg’n“f K&t RRepigeered
opened, the cl ednignddsalettdiond ntHha skeanidgsyessel flows through the

link pipe into the sealed | ower vessel , and the pressure in the seal ed
| ower vessel rises with 25 the increasing cleaning solution. Wen the
cl eani ng Drain-to-vacuum process

10

The drain-to-vacuum process of fhe pPresent invention
is based on the Torricelli vécuuniproducing}xrinciple,
namely, a liquid level is maintained under Pressure.,
The lower vessel has internal-pressure that is set
15 according to the relative height difference between
the cleaning vessel and the lower vessel, the specific
gravity of the cleaning solution, the volume of the
cleaning vessel, and the volume of the lower vessel,
and is regulated by means of the drawing pump. After
20 the cleaning vessel . is fully filied,with the cleaning
solution and then sealed, and a valve on the link pipe
isopened,thecleaningsolutioni11thecleaningvessel
floWsthroughthelinkpipeintothesealedlowervessel,
and the pressure in the sealed lower vessel rises with
25 the increasing cleaning solution. When the cleaning
solution stops flowing, a still height therecof is ﬁhe
height of the cleaning solution that couldbemaintained
by final liguid surface pressure in the sealed lower
vessel 31. Thereafter, the valve on the link pipe is

30  closed and the drawing pump is started again to draw

13




solution stops flowing, a still height thereof is the height th
cl eaning solution that could be maintained by final liquid S%ﬁoal@éneber 2006
pressure in the sealed |lower vessel 31. Thereafter, the valve on the link
pipe is 30 closed and the drawing punp is started again to draw 13 8
Novenber 2006 the cleaning solution out of the sealed | ower vessel into
the recovery container or the rear treatnent vessel. Manwhile, the
internal pressure of the sealed lower vessel is regulated to facilitate
next cycle of the 5 operation._ Linked wet clean and vacuum heat drying
Wien the cl eani iridSafd SAEkREn 37 hgeappak aefistiod ddml ed Ol presentsisayent i on

is set for the gpgratj < the | owdissol ved-air cleaning
sol ution and the (jcfgil%[}teg{ov‘}é%%%hgr%géggg Ar é:gﬁsreed_"lf TBRGEGOE VagEai i n
the cleaning ve¥seinwhegenditite om aetnml meedsurdher macwud zed £Leapi ng

vessel is then grsesdsetlo .perfornltpe 15 ogerat ion of vacuum heat drying, so
that any residual > moi sture B drganFe Sardéatate meetclommingeebsel is

vapori zed and regeveredio the vacuumvessel, and the cleaned and dried
wor kpi ece- is free of water mark and contam nation by particles. 20 Linked
wet clean and vacuum freeze drying The | owdi ssol ved-air cleaning solution

and the drain-§@xyaguynPPracess are used on the ¢l eaning and 25 vacuum
dryi ng appar at us—of—rh'e—pres-em—ﬁ—nveﬁh-enﬂ—e—?@%e&g%&%cuum in the cleaning

vessel, so that the

When the cleaning and vacuum drying appﬁratus of the

10 Present inventionis set for the operation of wet c¢lean,
the low-dissolved-air cleaning solution and the
drain-teo-vacuum process arehused to produce vacuﬁm in
the cleaning wvessel 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 in the cleaning vessel is
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' cleaning solution and the
drain-to-vacuum process are uUsed on the cleaning and
25 wvacuum drying apparatus of the present invention to
produce vacuum in the cleaning 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



vacuum zed cl eaning vessel may be directly used to performt next
operation of vacuum freeze drying. Thus,. the operations of °"a"é'aﬁr%%6
vacuum freeze 30 drying could be perforned in one process w thout using 14
8 Novenber 2006 a vacuum system Linked wet clean and dry clean 5 After
vacuum i s produced in the cleaning vessel of the cleaning and vacuum
dryi ng apparatus of the present invention through the drain-to-vacuum
process, a valve connecting the vacuunmi zed cl eaning vessel and a gas
vessel for the dry clean operation is opened for cleaning 10 gas in the gas
vessel to flow ihtPEhE"vE¥GERATzed cl eaning vessel via a connection pipe.
The valve is then tinely closed for the vacuum zed cl eaning vessel to have
| ow gas pressure therein. After the dry clean is conpleted, a valve
connecting the diedmagigesskbéamnanthdryaeclisaml5 vessel is opened, and the
cleaning solution is introduced into the cleaning vessel via a bottom side
thereof. Wiile the liquid level in the cleaning vessel rises, the

| ow- pressur escl ey v@as:und igr gdualib¥kd {£Cayer, : i vacuum
vessel . After the 20 cl eaning v%ssel is conpl%fﬁ%?ﬁgsﬁfégﬁﬁg%%gfagﬁgleaning
sol ution, the vaAhRERGHherRd e ERBMcHedARAg apeegeltuD of heho asuasenessel is
cl osed to conpl r t |l ow pressure gas used in the dry
clean. 25 Low d?ggfoélﬁ\)gd%lg%?&gl (?n?%a sgaflul} Y\%ﬁ VRHERUTHE et he 3t B2 ¥38uum
process is usedqmmddutxﬁ@amh@gvaaﬂdmyaéuu&ud&mﬁw@zygggégL§h@fat§§Spresent
i nvention

Vesselforthedrycleanoperationisopenedforcleaning
10 gasinthegasvesseltoflowintothevacuumizedcleaning
vessel via a connection pipe. The valve is then timely
closed fop the vacuumized cieaning vessel to have low
gas pressure therein. After thedrycleanis completed,
a valve connecting the cleaning vessel and the vacuum
15 wvessel 1is opened, and the cleaning 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 1s gradually
recovered and stored in the ﬁacuum'vessel. After the
20 cleaning vessel is completely filled with the cleaning
solution, the valve connecting the éleaning vessel to
the vacuum vessel is closed tc complete the recovery

of the low-pressure gas used in the dry c¢lean.

25 Low-dissolved-air ecleaning solution

Whenthedrain—to—vacuumprocessisusedonthecleaning
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 c¢leaning solution

15




to produce vacuumin a part of volune of the cleaning 30 vessgl thebliggbg
level of the cleaning solution 15 8 November 2006 becones sPilPV§MPER

cl eani ng vessel and covers the heat control unit provided in the cleaning
vessel . When heat energy is continuously introduced into the cleaning
solution, the liquid surface of the cleaning 5 solution beconmes boiled. At
this point, air dissolved in the cleaning solution diffuses into the
vacuum zed volume of the cleaning vessel. The cleaning vessel is nowin a
normal pressure _state, and the recover cont ai ner havi ng normal internal
pressure is use@QQPﬂti%F+%%tlFr6Hﬁtﬁﬁaﬂmaﬂﬁlﬁ?ﬂﬁ§$man@heoaérsdthbused

cl eaning sol uti T it af .1 he heat. control _unit is on

the gas-1iquid ggﬁ?i?ﬁ?%ﬁ%?gﬁﬁdgﬁg?gﬁﬁg%@ﬁégﬁ?ﬁ&e§ﬁ§ﬁ%ﬁﬁfﬁ8ﬁ: SFReE t he
boi | i ng poi nt ofedte eheawimgisol ubhonnbowens wihhrbbededugad pregsure in

the cleaning vessel,. the present invention may introduce |owtenperature
heat energy or \%leetaéf.lhnethsoﬁ&evaoprb’r itrz;!’ée Etlﬁé‘léﬁ ERRIEAG s BFuEhencl aweivteani ng
vessel may b as20utessebekawieRObadilange ££asSSeeLinN 2Eeayal Lhe Liquid

surface in order to provide an increased vaporization area. Vacuum heat
drying 25 When*fheEh8ral a2RérdatalintppocesEl s esnbh baeth @draonttiezedl eani ng

and vacuum dryi §813RRALAtUSe of JNE AF GV T NYRRL LN, Lt he cleaning vessel

can becone a vacuuni zed
now 1in a normal pressure state, and the recovery

container having normal internal pressure is used to
10 collect from the cleaning vessel the air-diffused

cleaning solution.

The temperature range of the heat control unit is on
the gas-liquid equilibrium curve of the cleaning
15 solution. Since the boiling point of the cleaning
solution lowers with the reduced pressure in the
cleaning vessel, the present invention may introduce
low-temperature heat energy or waste heat to vaporize
the cleaning solution. The cleaning vessel may be a
20 vessel having a large cross-section area at the liquid
surface in order to provide an incfeased.vaporization

area.,

Vacuum heat drying

25
When the drain—to—vacuunlprocess_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 wvapor pressure from the cleaning solution.

le




cl eani ng vessel having very lowinternal air pressure 30 and or es
fromthe cleaning solution. 16 8 Novenber 2006 Uili zing théébg‘?‘ferfﬁf’ﬁ\'zblég

that tenperature difference results in saturated vapor pressure
differential, the vacuumvessel is connected to the cleaning vessel, and
the heat egress unit is nounted at a proper position 5 on the connection
pi pe between the cleaning vessel and the vacuum vessel to condense the
gaseous cleaning solution flowi ng toward the vacuum vessel into |iquid
that is then recovered and stored.in the vacuumvessel . 10 The heat
control unit of YHe Feami hlyevesseriplevitdes tregtendtwapodi zAbkoAckO
vapori ze the cl i lLut.i lLeft on the workpiece _heing cleaned. Wen
thg tenperaturgéﬁ#n?%iqﬁég%gggﬁf%%%vﬁ F?'%5855u%ﬁcﬁhﬁﬁ@ﬁenéﬁ&lvhéhﬁnternal
pressure of the velwanm ngswedsek doesedbefoto alange «aRY dPPEske1i t sfBANS the

tenperature andt teh%@iarLt er nal (ﬁpr essure of the cleaning vessel are on the
gas-1iquid equi ITBritm cdiiéE ST YHe™ A edied it grEoner ties i btennal

pressure of $heoel ensi dgnn¥esseh YOSS Hdtwd &AGh d Qggigéﬁrgg%ggs\égp%%

pressure at 20 that tenperature, the workpiece to cou dor b
the heat of vapdfiezatadH" roaFeRe Keatcootersd thet gatseorapari &enihe

cl eaning sol uti fit.. 0 kpi_ec To_conti nuously, vaporize the
cl eani ng sol uti g%l:ug: Eon gr%to'?ﬁen I;:Fkﬁiredgghﬁovﬁguaﬁ BESSehet RbOVELHietd i oned

25 principle of thressarthal theveRired] ahg $#tdrbded, tR05d ¥y ARALS, O flow
toward the heat egress unit on the connection pipe connected to tthe vacuum

vessel , so that
10. The heat control unit of the cleaning vessel provides

heat of vaporization to vaporize the cleaning solution
left on the workpiece béing cleaned. When the
temperature of the heat control unit keeps unchanged
and the internal pressure of the cleaning vessel does
15 not change any longer, it means the temperature and
the internal pressure of the cleaning vessel are on
the gas-ligquid equilibrium curve of the cleaning
solution. If the internal pressure of the cleaning ..
vessel does not reach the saturated vapor pressure at
20 thattemperature,theworkpiecetobedriedcouldabsérb
the heat of vaporization from the heat control unit
tovaporizethecleaningsolutionleftontheworkpiece.
To continuously vaporize the cleaning solution left
on the workpiece to be dried, the above-mentioned
25 principleof pressuredifferential isutilized todrive
vapors to flow toward the Heat egress unit on the
connectionpipeconnected1x>thevacuumvessel,sothat
the gaseous cleaning solution is condensed into liquid
and then recovered and stored in the vacuum vessel.

30 In this manner, the internal pressure of the cleaning

17




t he gaseous cl eaning solution is condensed into liquid and tﬁﬁo recgvgé(gdﬂa
~and stored in the vacuumvessel. 30 In this manner, the inter Vﬁt"é &N

of the cleaning 17 8 Novenber 2006 vessel is always maintained | ower than
the saturated vapor pressure at the vaporization tenperature. Since -
general liquid has a boiling point that lowers with reduced pressure, the
heat control unit nmay introduce 5 | owtenperature heat energy or waste heat
to vaporize the cleaning solution. Wen the | ow di ssol ved-air cl eaning
solution is used as the cleaning solution in the drain-to-vacuum process,
10 the operati on’ot5Sacttirt héay s dryi mgaisedot owvafl thasedhbystberaitky
pressure, enabli e re. dif.ferential between the vacuum
vessel and the %ﬁ%&%ﬁ%gﬁitﬁ% @%gggﬁzg%&otnh CTRBTBFUREat E4BFGY oOf

| ower tenper at urdenelth Vakbuaul fir Bezeadbyiing ndy pusidtg dhec | pykdi-ssgl ygd-air
cl eani ng sol uti %aq_pcdedt q:e dr ali n-tt -vgcuum process on the cleaning and
vacuum 20 drying apparftuesssol?r?heq‘pﬁ &&1it CPRVER BAL tvBeYium tandbee

produced in $he leheaninmg vessek Kokt i SAMR L Q2RQC00R, a ¥agUuUr] zed
cl eani ng vessel having very low internal " air pressure anEI vapor pressure

fromthe cleani f§® SOSAIGIE SThigi et - control unit and the heat egress 25
unit of the cleaning vessel provide tenperature ranges are on the
gas-solid equilibriumcurve of the cleaning solution. The heat control
unit controls tHaen the low-dissolved-air cleaning solution is used

as the cleaning solutionin the drain-to-vacuumprocess P
10 the operation of vacuuin heat drying is not influencea
by the air pressure, enabling a more stable pressure
differential between the- ) vacuum vessel and the
vacuumized cleaning vessel and the use of heat energy
of lower temperature.
15

Vacuum freeze drying

By using the low-dissoclved-air ¢leaning solution and
the drain-to-vacuum process on the cleaning and vacuum
20 drying apparatus of the present invention, vacuum can
be produced in the cleaning vessel for the same to become
a vacuumized cleaning \}essel having very low internal
air pressure and vapor pressure from the cleaning
solution. The heat control unit and the heat egres;s
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 be dried. 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




tenperature of the workpiece to be dried. That is, the heat #iﬁ%&%ﬁ%§¥5606

is able to lower the tenperature of 30 the workpiece to be dr

preset tenperature and

| e 8 Novenber 2006 provides heat of sublimation to

sublimate solid-state cleaning solution inside the workpi ece. The heat
egress unit controls the pressure inside the vacuum zed cleaning vessel.

That is, the heat egress unit

solution into solid-state cleaning solution and to provi de heat of
sublimation to sublimate the solid-state cleaning solution left in the
vacuum zed cl eaRif Y Fessheat19f [sphlHenzbues et ofs vbddumand sedzel-drdng a

workpiece to bgydphedg 1 fﬁ%£¢§aQE%q‘¥§i§§%§“%Gﬁ%%?he tegﬁgggggéﬁé of the

heat control unit in the cleaning vesse

ée d of

subl i mation equadressairiat eontirodenteasatdsonrd ha sk Akermah aRESSYLy of the

cl eaning 15 vessiala

any longer. That is, the tenperature

woul d _not change e
es8d f hen@?%ﬁﬁisngthﬁé“s%%‘ll eFTE ThUuphé Haskds id

and the internal” pressdre ot
equi |l i bri umscurve ebnidieis<! €RAI RGHSAIEE . cY\QSHfiEBe Q?%Btfgﬁ't ol unit is
i

at  the sublimation tenperature set for it, and
dgsE3troelpaashnot el uddiour aneld trapenvikes Siesa ale t hat

the cl eani ng ve¥set

the 20 pressure 1 nside

tenperature, t ' iece to ried coul d absqrp the sublimation heat
@ubi"%ﬁg{?igﬁ & QﬁF ined hgh‘:éolsl‘:D rate tel 8ARPRG RG0! uti on

fromthe heat contr

unit to su |na€eet

on the workpi eceolwtfannéhe gaSeRYSvABuaheaBiing18@hUtioR,e sk cONti Nue the

sublinmati on while

there is very low air pressure in the cl eaning vessel

10 In the course of vacuum freeze drying a workpiece to

be dried in the cleaning vessel, when the temperature

of the heat control unit in ‘the c¢leaning vessel keeps

unchanged and a rate of sublimation equal te a rate

of condensation, the internal pressure of the cleaning

15 wvessel would not change any longer. That is, the

temperature and the internal pressure of the cleaning

vessel are on the gas-solid equilibrium curve of the

cleaning solution. When the heat control unit is at

the sublimation temperature set for it, and if the

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 c¢leaning sclution. 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 solution into solid state, so that

the internal pressure of the cleaning vessel is always

30 maintained lower than the saturated vapor pressure at

19

is able 5 to condense the sublinmated cleaning



t he heat
cl eani ng
cl eani ng
pressure
control

egress unit is used to condense the previously suM'rﬁﬁ q%
solution into solid state, so that the internal press é? ?eq?&pﬁ

vessel

is always 30 mai ntained | ower than the saturated vapor

at 19 8 Novenber 2006 the sublimation tenperature. The heat

unit is able to freeze the workpi ece

to be dried to the | owest

eutectic point of the 5 conpositions of the workpiece. In the course of
freezing the workpiece to be dried with the heat control wunit, it is

necessary to pr@ﬁEHSngaéﬁgfgém%eﬁress re of the whol e cl eaning vessel
t enper

fromreducing w
frozen 10 workpi ece.

| owere

FUTR"Ah8 resulting in inconpletely
Thus, the heat egress unit nust vaporize or sublinmate

the cleaning solution left in the cleaning vessel for the internal vapor

pressure of the IGPedftiycoRésed] vpd thés| abder tentmeehe slad uratiedi ¥apor

pressure

at theqt eppergtige st iy Eg%e@%ateSQQE%QE %Q%%ﬁgp%ihaﬁg?ts

wor kpi ece to be dried has been frozen to a tenpera

ure

t he

| owest eut ecti ccpoibmsitdfares plife Wwior kppekeiteamdie drhed-hascbaerdf rogen, it

is expected thecliqui.d jpside t i.ece has, bi
:‘gr mxgye- vi si bl gkléa%%lrlségl g%s‘"foaﬁ?mﬁlee tc?:)}%ﬁ gé"l@rdy‘éfgbé*!eelé%ttﬁ@’@mbs in

he. wor kp

the workpi ece afihet, 1beys have sy wat gdevahloMWh 80 S yst A S .06 d
of the workpiece to keep sublimting and therefore enabling an enhanced

drying efficieng§.t

nor nal

pressur geaApd LG dOvadlssplyefe hL o ganing salution o . en

10

15

20

25

30

workpiece. Thus, the heat egress unit must vaporize
oréublimatethecdeaningsolutionleftij1thecleaning
vessel for the internal Vapof'pressure of the cleaning
vessel to be larger than the saturated vapor pressure
at the temperature set for the heat contrel unit until
theworkpiecetobedriedhasbeenfrozentoatemperature

lower than its lowest eutectic point.

After the workpiece to be dried has been frozen, it
is expected the liquid inside the workpiece has big
crystal size to form eye-visible coarse crystals. The
coarse crystals leave big voids in 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
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.

20
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and the drain-to-vacuum process are used to produce vacuum i he. . clea
vessel before perforningpthe vacuum freeze 8rying. 30 20 8 Nngﬁﬁanﬁbg@&g
When the | owdi ssolved-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 vacuum freeze drying is not affected by
the air pressure, and both the sublimation and the condensation of the

cl eani ng sol uti i nside _ the morkPiece to be dried are controlled by

tenperature. |n tHe W Phetheael ¥giead ruht earhapuaesd ukdans ikonsed

speedi ng up the Hfd enena &inihe s4as_AUS, ¢haall 89a§9|—l&3i-%’cuug1ﬂ}?rgaesaggus

cl eani ng solution could condense into solid state nore quickly F6°Pncr ease
the rate of vacUlifi¥e ¥éié bergrikig thesveeprabr e tie iasseltheaclsaningeze
drying In the serj;@¢mi tdz, cl eani and vacyum drying apparatus of
the present invention, théemhiéa%$ olnljf r%?é qgan?%ur%z?#ecn}f??’éngl‘é%%?ﬁb'vessel
serves to pré-fTéeze 20h¢hepekeaned wit kpiecent 6rbezdr ided iunfers nes pal

pressure, the %%%onqx%4ﬁgnggg vessel has an initial state in which the
| ow di ssol ved- ai"r "A%ant i §8FR ottt itRe arhPRtbothaciith bratkes are

used to produce zwalc 4HRA - nddes o 5 i I the_cl eani ng
p a n é%f%ﬂ‘J@1Mﬁ§%ﬂeéﬁ¥%§§%ﬂﬁ%§?%.ﬁ§ I

vessel 25 for perform ng the vacuum freeze drying, a i cT eani ng
vessel serves t&heUIpLkPtacevior kpideded Ane controlledby temperature.

In the case the heat egress unit includes means for
10 speedinguptheflowingofthegaseouscleaningsolution,
the gaseous cleaning solution could condense into solid
statemorequicklytoincreaéetherateofvacuumfreeze

drying.

15 Serial multi-vessel vacuum freeze arying

In the serial multi-vessel cleaning and vacuum drying
apparatus of the present invention, the héat control
unit in the first cleaning vessel serves to pre-freeze
20 thecleanedworkpiecetobedriedundernormalpressure,
the second cleaning vessel has an initial state in which
the low-dissolved-air cleaning 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 ﬁhat
has been dried. After the third cleaniﬁg vessel is
returned to normal internal pressure and the dried
workpiece is removed therefrom, it is treated with the

30 low-dissolved-air cleaning  solution and the

21



has been dried. After the third cleaning vessel is returned nor nal
internal pressure and the dried workpiece is renoved therefrgmo‘ﬁrﬁﬁgrzoos

treated with the 30 | owdissolved-air cleaning solution and the 21 8
Novenber 2006 drain-to-vacuum process to becone a vacuum vessel again.
After the workpiece to be dried has been frozen, it is expected the liquid
i nsi de the workpiece has big crystal size to formeye-visible coarse
crystals. The 5 coarse crystals |eave big voids in the workpiece after

they have subli rmted, - abl oWeng.CLysS t. | r side of the workpiece to
keep sublimating and therefor emc}'gena%%%g%a%égﬁﬁ%r?c‘éﬁcﬂ??ivﬁseﬂ PEReRcy.
Thus, the workpgifeeert bhbewdrked eice proe Her areredindes ¥k maFr10.pr esgure and

t hen subj ect ed t.0, va}gugn%freﬁ e gr_g]i ng. . After the workpiece to be dried is
cleaned in the fiTst Pereafi éev YUY PREEtt i MeniPimee hasabtgat ed

under normal preassdtLl tsQ 4y eof f €87 & ihe, Mokl 868 Pg deied. 1? 'Ele'hen,
use | ow—terrpgrat ure and | owdi ssol ved-air cleaning so ution and He
dr ai n- t 0- vactum§trocEs £ 6 trvdeee evhé duned és tihe thier sbrkpeanriengryessel |

open the vacuumpa} veand $80d, s rkpi.ace to be dried to the  second
vacuuni zed cl eani \r%}vessel "o ose t%f%g\}g%ﬁﬁ% G%Iasﬁc\?e,s Fg:wéfm?ﬁe“de
tenperature of tife tor kppekpivoebeo drdgsl Hebdimbhenguitert i chPLbRL-Qf the
wor kpi ece, and hen florm the vacuum freeze dryi ng, After the vacuum freeze
drying is conpl et 5 e VAcTifPaSTe 457 gpenetit: ciReCari edhWor kptleee i s
sent to the thinérraauyd zed 2% cheariung yepselr 3nd f hg Maguym valye is

cl osed agai n.
- 10 pressure and then subjected to vacuum freeze drying.

After the workpiece to be dried is cleaned in the first
cleaningvessel,theheatcontrolunitisactuatedunder
normalpressuretopue—freezetheworkpiece1x>bedried.
15 Then, wuse low-temperature and low-dissolved-air
cleaning scolution and the drain-to-vacuum process to
produce vacuum in the first cleaning vessel, open the
vacuum valve and send the workpiece to be dried to the
second vacuumized c¢leaning wvessel, close the wvacuum
20 valve, 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 is opened,
the dried workpiece is sent to the third vacuumized
25 cleaning vessel, and the vécuunlvalve is closed again.
When therthird cleaning vessel is returned to nofmal
internal pressure, the dried workpiece is removed from

the third cleaning vessel.

30 Recovering cleaning solution and waste solution
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When the third cl eaning vessel is returned to nornal interna#,yressgre
the dried workpiece is remved from the third cleani ng vessef No}gmber2006
Recovering cleaning solution and waste solution 22 8 Novenber 2006 1In the
cl eani ng and vacuum dryi ng apparatus of the present invention, a first

cl eaning vessel is used as a vaporization vessel for vaporizing the
cleaning 5 solution or waste solution, and a second cl eaning vessel is
used as a recovery vessel for recovering clean cleaning solution and waste
solution. The vaporization vessel is provided wth the heat control wunit
for supplying heat of vaporization to vaporize 10 the cleaning solution or

the waste sol ution.tig nckebhengt ampenaialien dif§ eAgNaeReUMRRN dhery
vapori zati on vessel qu t he recovery vessel results in a saturated vapor
pressure differ &Y ATESUS ¥ ednitid sdoFLERreA Nign vesike lvagonEedtaon

vessel is caused twafdon:tensrd ddigsahb hgat 6ss, Yn t Lgannected. to the
recovery vessel and be condensed into Iiqui‘%%trohatsz#géré:%gvecﬁeeaaqlhn?he
recovery vessel SCByHisimgroies ted eahihjosolantd amearortasl easohytiawsdo 20 be

recovered and tk (n-1Q-vac [ocess, vacuum is produced in the
vapori zati on veggelq{saéT&heLPi \c%ui%é]é%\g%? ] E"‘tsﬁg E%Foéénfﬁﬁgéﬁffﬁf‘ﬁor?]t%rbe
recovered beconedeastinid i molheivaporazati amsesselsand icavers thg, heat
control unit. By usin% ¢l.ean cleaning solution or waste 25 solution and the
dr ai n-t 0- vacuum’pP8Ee<$E FAPde Yemsisd TproanEedernvi e tleedverly credsail  Wen

the cl eani ng unit for supplying heat of vaporization to vaporize
10 the cleaning solution or the waste solution. Since the
temperaturedifferencebetweenthevaporizptionvessel

and the recovery vessel results in a sat&rated vapor

pressure differential, gaseous cleaning solution 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 is recovered in the

recovery vessel,

By using the cleaning solution or waste solution to
20  be recovered and the drain—td—vécuum 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. Byusingcleancleaningsolutionorwaste
25 solution and the drain-to-vacuum process, vacuum is
produced in the recovery vessel. When the cleaning
solution or waéte solution in the vaporization vessel
absorbsheatofvaporizationfromtheheatcontrolunit,
and the heat egress unit condenses vapors produced in

30 the vaporization vessel into clean ligquid cleaning
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solution or waste solution in the vaporization vessel absorb eat of
vapori zation fromthe heat control ulrcl)i t, and the heat egressﬁtﬂ:(?‘{emger 2006
condenses vapors produced in 30 the vaporization vessel into clean |liquid
cleaning 23 8 Novenber 2006 solution or solution that is recovered to the
recovery vessel, the vaporization vessel may be tinely replenished with
the cleaning solution or waste solution, and the recovery vessel my

timely drain the 5 recovered cl eaning solution or solution into a recovery
Thereafter, the drain-to-vacuum

cont ai ner havin [ rnal_.pressure.

process is inp|gﬁ£ﬁ%€§$%§%%%°?%tlﬁh gﬁ?ﬁel?é%%V%¥?r%%§§éFh§ YaEtlRtVesse
to continue theasooverytiod clapbrebaaniony S@ldddon L, sobution, 10 Since
the boiling point of the cleaning solution or waste solution to be
recovered | ower FSEYIPtTReT edlicetl thressdeanimise Kedntdomt r ol umastamy

introduce | ow tRIRAIAIAT &ERELCPELGYe Pl WAS 4} Lo Mapgrize  fhe
cl eani ng sol ution or waste solution In ?hls %%%Hg%%tjgéﬁﬁg 5B 8t By
envi ronnent Pr otesivsT ethdlencigy salihgoncans beuatbhemeth aProduesng medi um

vacuum vessel 2 t.he cl eaning and vacuum dryi ng apparatus, the
Iom#dissolved-a%? c%éhﬁ%%agépaﬁﬁﬁ$%ﬁﬁn RE"2PRSER Y-S ac i iR DEe’% . may be

used to produce thao dnsEciHEE et el apt 8e¥8S88| $mpanR it i Lh, Y, e
detached fromthe drain-to-vacuum apparatus to serve 25 as a vacuum vessel
and the other offd*&f Bhifi CRPYaIFedestsel écopa wontereld t4 quirdhirSieice t he

tenperature the recovery of clean cleaning solution or solution.
i0 Since the boiling peoint of the éleaning solution or

waste solution to be recovered lowers with the reduced

pressure, the heat control wunit may introduce
low-temperature heat energy or waste heat to vaporize
thecleaningsoclutionorwastesoclution. In thismanner,

15 the object of environment protection and energy saving

can be achieved.

Producing medium vacuum vessel

20 On the cleaning and vacuum drying apparatus, the
low~-dissolved-air cleaning solution and the
drain-to-vacuum process may be used to produce two
vacuumized cleaning vessels, one of which may be
detached from the drain-to-vacuum apparatus to serve

- 25 as a vacuum‘vesself and the other one of which is used
to recover condensed liquid. Since the temperature
difference between the two vessels results in a
saturatedvaporpressuredifferential,theliquidleft
in the vacuum vessel absorbs heat of vaporization to

30 produce gaseous cleaning solution that flows toward

24



di fference between the two vessels results in a saturated v r
differential, the liquid left 1in the vacuum vessel absorbs ﬁgg%hé¥ﬁEéF§6b6

vapori zation to 30 produce gaseous cleaning solution that flows toward 24
8 Novenber 2006 the heat egress unit connected to the vacuum zed cleaning
vessel and be condensed into liquid cleaning solution, which is then
recovered to the vacuum zed cleaning vessel. 5.Since the boiling point of
general liquid lowers with reduced pressure, the heat control unit may

i ntroduce |OMF%%%PE§6£%FE heat enetgz or waste heat to vaporize the
cl eani ng sol ution left-rn SHE SFaciimvedderechpth tro the ircreast md

tenperature andcLedwGirgveaReNSahl bBecoNAGHYALVESSEE! 1 : Jeg Vacuum vessel
finally contains only a very snmall anmount of dry vapor™t ereln.Aﬁﬂ% vacuum
vessel is then §8&Médand et hed fhrem raeovdradntoo-thac wamwppiaded us, and

the tenperatureciherely 1_dss il owered again. Wth lowered tenperature, the
vacuum vessel maybecome a vacuum vessel close to nediumvacuum BRI EF

DESCRI PTI ON‘OF THE DRAW NGS 20 The structure and the technical neans

adopted by the Sggesegg inveption to gchieve t he above and ot her objects
can be best undar2F8od By Pt ePFiRGIEE Phed 30 ¥ dhi i i e ses deisdr i pti on

of the preferredeaubedi peaksuard thBeh@%Oém@E%Dgnﬁir@‘ﬁ‘ia'lgint%‘%fueée” 25

Fig. 1 is a conceptual diagram show ng the
low-temperature heat energy or waste heat to vaporize

the cleaning solution left in the vacuum vessel. With
10 the increasing temperature and reducing vapors in the
vacuum vessel, the vacuum vessel finally contains only
a very small amount of dry Tu:apor therein. The vacuum
vessel 1is then sealed and detached from the
drain-to-vacuumapparatus, and the temperature thereof
15 is loweredagain. With lowered temperature , the vacuum

vessel may become a vacuumvessel close tomediumvacuum.
BERIEF DESCRIPTION OF THE DRAWINGS

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

25
Fig. 1 1is a conceptual diagram showing 1i:he
drain-to-vacuum apparatus of the present invention and

themethodof implementing thedrain-to-vacuumn process;

30 Fig. 2 is a conceptual diagram showing the cleaning

25



dr ai n-to-vacuum appar atus of the present invention and the Br
i npl ementing the drain-to-vacuum process; 30 Fig. 2 is a conc ?0}%,-8%? %Qod%

showi ng the cleaning 25 8 Novenber 2006 and vacuum dryi ng appar at us

according to the present invention; Fig. 3 is a conceptual diagram show ng
the serial 5 nulti-vessel cleaning and vacuum dryi ng apparatus according
to the present invention; Fig. 4 is a conceptual diagram show ng the nethod
of produci ng and recovering the | ow di ssol ved-air 10 cl eaning solution on

a part of the clLean d Jaeuum d ap aratys of the present
i nvention; Fig. 5%% éfg%ug]gnnce tua &k agr ?@éj’t%% Rt Hye RFesertovering
cl eani ng soI uti énvemdiwast e sol ution on-a 15 part of the cleaning and

vacuum dryi ng apparatus of the present invention; Fig. 6 is a conceptual
di agram showi ng the nmethod of perform ng vacuum heat drying on a part of

the cleaning 2@ignd yvagcyum Qraf fll’ e prese nvention; Fig.
7 is a conceptual éd| agram show n%q% éﬁﬁgr%% %‘e‘?— ﬁéevasceiﬁfrﬁ‘]f reeze
dryi ng on aptg t mpf tihereclsedni ﬂgeaamdgVMdemmg c&?aﬁj@ﬁﬁgt tprfrdhgs present

i nvention; 5 EFLg r§1n§ % C(%nce%)t ual qcsé%r am shovm ng the nethod of
per f or m ng vacuum Preaze &ryithg &F re @ tift ti -vessel cleaning and
vacuum dryi ng apparatus of the present invention; 30
Fig. 4 is a conceptual diagram showing the method of
producing and recovering the low-dissolved-air
10 cleaning solution on a part of the e¢leaning and vacuum

drying apparatus of the present invention;

Fig. 5 is a conceptual diagram showing the method of
recovering cleaning solution and waste solution on a
15 part of the cleaning and vacuum drying apparatus of

the present invention;

Fig. 6 is a conceptual diagram showing the method of
performing vacuum heat drying on a part of the cleaning

20 and vacuum drying apparatus of the present invention;

Fig. 7 is a conceptual diagram showing the method of
performingvacuumfreezedryingonapartofthecleaning

and vacuum drying apparatus of the present invention;

25
Fig. 8 is 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

26



26 8 Novenber 2006 Fig. 9 is a conceptual diagramshowing th
produci ng a nmedi um vacuum vessel on apart of the cleaning andg\@fsﬁsﬁg?%%
apparatus of the present invention; 5 Fig. 10 is a conceptual diagram
showi ng the nethod of wusing nmultiple types of cleaning solutions and gases
to performdry and wet cleans on the cleaning and vacuum drying appar at us
of the present invention; and 10 Fig. 11 is a conceptual diagram show ng

the present invention includes nultiple working vessels that are
ower vessel. 15 DETAI LED

connected to a pper vessel, and a common |

DESCRI PTI ON OF PEE&ER&ES%ﬂﬁﬁﬁﬁ AGHET pTeQEhRY| Bhenkpbhodeb bt es t o
nmet hod and apparetatbucing apRidiofm aguiihid 48 QRGN A4 088 e (g\féaﬂgan, dry
cl ean, vacuum heat drying, and vacuum freeze drying 20 I n encl 0séd Yessel s
in one process WYhIGFCUWE AgYa ngadbomradyst ef thad capabtei wfeneroneri ng

| ow- pressure gas used in the dry-clean and recovering cleaning solution
and waste solution to achieve environnent protection and energy saving.
In the foll oW ngidesddi psi ansontbptsaied25grehesRoREnFUARESLSHEA0LE
simlar conpone referred . tq.in the present invention. Please refer to
Fig. 1 that is gtséc? cglg"tltféplcﬁ gcd"rpa‘?ﬁ %ShSRiSTY 18 A T HoeRa i S at us
according to theo S6rpoeseity hAvens t o1 it bheHethed ., J JRLeMEALLHY a 27

8 Novenber 2006 . drai n-to-vacuum process on the drain-to-vacuum
rying apparatus of the present invention; and

10 Fig. 11 is a conceptual diagram showing the present
invention includes multiple working vessels that are
connected to a common upper“vessel and a common lower

vessel.
15 DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to method and apparatus
for performing multiple operations of wet clean, dry
clean, vacuum heat drying, and vacuum freeze drying
‘ 20 inenclosedvesselsinoneprocesswithoutusingavacuum
system,andcapableofrecoveringlow—pressuregasused
in the dry'clean and recovering cleaning solution and
waste solution to achieve ehvironment protection and
energy saving. In the following descriptions, the same
25 referencenumeralsdenotesimilarcomponentsreferréd

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

27



apparatus. As shown, the drain-to-vacuum apparatus is nounte n a r
platformthat is generally divided into three |levels, nanely, lffb‘ﬁ?é?%’éé%qs
10, mddle level 5 20, and |lower |evel 30. The upper and the | ower |evels
10, 30 are set to have a fixed height difference between them The mddle
| evel 20 includes an el evating mechanism 22 for adjusting a height of the
mddle level 20 relative to the |lower level 30. 10 An upper vessel 11 is
provi ded on the upper level 10 of the work platformat a predeterm ned

position. A typeagh-aleanidigi$ol YLbeBskn &€l eanest ate;is dntroduced to
store in the upper vessel 11. The upper vessel 11 15 iIs connecte 3t a
predet er mi ned pBBPRFENUST | As Poevomtheodaainrsb-endunin appappensviassel

pi pe 12, via whj e _cleaning solution in_the upper vessel | | flows

toward a cl ean%nﬁgn\}ctgglsg 317° % Bgﬁgu&rf"ngjp‘ﬁitpéslgeﬁﬁ%aﬁelyl & viidas a

predet er m ned posiditiroa Heke: ot hameol, , thep 8PP, 201 9eSsehald 1tl, 8 bottom

of the cl earLj[ ng gessel 21 dependi g on actual need, so that the cleaning
he G-

solution in uppet [Esset eYEna) - belhptuRRtucadc hte Idwet|leamilng
vessel 21 via the, exhavetidg o Revdd EQxEéH?é’ﬁ&ehQ%%ffexéesééé‘ f'iﬁhetseqle
|

cl eaning vessel 21. 25 A second end of the upper-vessel pipe
connected to akPepper-Thowniddileol levet 23, vhalubeeh dheetkeaniing

solution in the upper.vessel_ 11 flows . into_the cleaning vessel 21. An
upper - vessel vaT?/gg_aLﬁllsgl %fg\ﬂrdﬁaj H\é\%éngoa preedEt e PA Had Heki ke dsven t he

upper-vessel pipe 3218tivd8to the lower level 30,

10
An uppér vessel 11 is provided on the upper level 10
of the work platform at a predetermined position. A
type of cleaning soluti_on ina clean state is introduced
to store in the upper vessel 11. The upper vessel 11

15 is connected at a predetermined position of its bottom
to a first end of an upper-—veséel pipe 12, wvia which
thecleaning solutionin theupper vessel 11 flows toward
a cleaning vessel 21. An exhausting pipe 14 may be led
froma predetermined position on the bottom of the upper

20 wvessel ll toabottomof the cleaning vessel 21 depending
on actual need, so that the cleaning solution in the
upper vessel 11 may be introduced into the cleaning
vessel 21 wvia the exhausting pipe.ld to exhaust gas
existing in the cleaning vessel 21.

25 |
A second end of the upper-vessel pipe 12 is connected
-toan upper—flow control unit 23, via which the ¢leaning
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

28 |




8 Novenber 2006 a predeterm ned position on a bottom of the er vess
11 for controlling downward fl ow of the cleaning solution fr WQW%“ng 06
vessel 11 toward the cleaning vessel 21. 5 The cleaning vessel 21 is

| ocated at a predeterm ned position at the mddle |evel 20 of the work
platform The cleaning vessel 21 is an encl osed vessel that can be seal ed
in a predeterm ned manner for treating a 10 workpi ece therein. Inlet and
outlet for workpiece to be treated as well as other auxiliary tools and
instrunments are_provided on the cleaning vessel 21 depending on actual

needs. The uppef-¥TBUPESAPHEEURT £ t23nian B tRE oSt the pPedat cens add
position on theitopedd Qordihe-cl i gssel o] nicate the sane
with the upper-vessel pipe 12. %ﬁ% ralgﬂﬂ?ﬁower-flgi\c/)v%coo(r:{:'?ro © uc?lflefa%“?s

provi ded at a pFed&ttéran de@mpsdict Lppeonvekeelbdl t bovafdt tiee ot loeuv gy vessel
21 to comuni cate t.thg -gane with a | ower-vessel pipe 32, via which the
cleaning 20 solution flows fromthe cleaning vessel 21 toward a | ower
vessel 31 |loctated at a predeterm ned position on the |ower |evel 30 of the

wor k platform Iow?r-vessel val ve 33 is provided on the |l ower-vessel 25
pi pe 32 or the IoWef~§883&19 ¥f54ela Poditt LloFAtGwerR &t Rapreddtiquiihesir f ace

34 in the | owerp¥esselon3itt 0neont 58k o lgﬁeﬁoﬁ‘@v\?%dcﬁé oW ,9f tl%%&'fgna,?ihgg

solution fromthe cleaning vessel 21 into the [ower vesse
| oner vessel 31Th§ aheenéhgsedsvedsdl ihaincacbese@%essel that can

be sealed in a predetermined manner for treating a
10 workpiece therein. 1Inlet and outlet for workpiece to
be treated as well as other auxiliary . tools and
instruments are provided oh the cleaning vessel 21
depending on actual needs. Theupper-flowcontrol unit
23 is provided at a predetermiﬁed position on the top
15 of the cleaning vessel 21 to communicate the same with
the upper-vessel pipe 12. And, a lower~flow control
unit 24 is provided at a predetermined position on the
bpttom of the cleaning vessel 21 to communicate the
same with a lower-vessel pipe 32, via which the cleaning
20 solution flows from the cleaning vessel 21 toward a
lower vessel 31 located at a predetermined position

on the lower level 30 of the work platform.

Alower—vesselvalveBB:isProvided<n1thelower—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

29




8 Novenber 2006 sealed in a predeterm ned manner. The | ower ﬁﬁ%ﬁa ﬁ %ﬁﬁh
| arge vol unme and provides | arge cross-section area at the |I§ d0PFL

34 therein, and is not fully filled wth the cleaning solution. Auxiliary
tools and 5 instrunments may be provided on the | ower vessel 31 depending
on actual needs. The | ower-vessel pipe 32 is connected at an end opposite
to the lower-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 eani ng vessel ég. o the | ower vessel 31. Ap unﬁ pi pe 52 is connected

at a first end to aé rédBtRY Aif &G TPdSied BRANEE Lt heT @v@e‘?w%-'ar‘fte@felt B8 | ower

vessel 31 and athzk $6GQ0vENAme0a AdH AW 1o DU B3 ¢ oA CatUSt valve 35 is
P FoWsT" ¥&88el 31

provi ded at a predeterm ned 15 position near a top
that is not |nadbhbadtlwltchsﬂlt#é’a@eeéﬁm#@rsaalmtand Jfa)notefgullqk EBQLelnt er nal

pressure of the J;quer SsS A co enser ot shown) may be provided
i nsi de the | ower J'vessg}[‘% %i%%%%ﬁ i ng o‘ﬁtla%? ual r}‘rﬂa’%’d{] it 2edbl e
liquid 20 s&rfacfsqme&smte mayt e [pveri Jesseh 8he Yiaid6,pL0P; Phpe 52,

t he draw ng punp 53 draws the cleaning solution fromthe | ower vessel 31
into a rear élfﬁ?é}f{ IRABSFFSU KA PRI Ror iee i Inee havepredspipe2320r from

the rear treat MeRtcyessetedhd A4 @ nldso b OVEE Qrder. to
regul ate. hei ght of and pressure at QEPIL |q%|t e%ﬁ% 8.%%r3ﬁl YRR Oher
vessel 31. A pubplitvgdvécsd Psegebemededtpasprtédatﬁéaknedl@ﬁétt;_b@flton t he

L?M?Lepi{gagrn;ggo:3¥$gn%§%§e&ess P Rhgogungepbqggagégz;éiéiqggoéoa flow

16 flow from the cleaning vessel 21 into the lower vessel
31. A pump pipe 52 is connected at a first end to a
predetermined position at the lower part of the lower
vessel 31 and at a second end to a drawing pump 55.
An exhaust valve 35 is provided at a Predetermined

15 position near a top of the lower vessel 31 that is not
in contact with the c¢leaning solution for regulating
internal pressure of the lowar'vessél 31. A condenser
(not shown) may be provided inside the lower vessel

31 depending on actual need to maintain stable liguid

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.preséure
attheliquidsﬁrface34lethelowerv9359131. 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

30




30 8 Novenber 2006 drawn by the drawing punp 53 to and from
vessel 31. As nentioned above, the upper-flow control unit Zgl"?‘%\l’é}@ﬁérmoe
provi ded at a predeterm ned position on the top of the cleaning vessel 21
to control entrance of the cleaning solution or gas into the cleaning
vessel 21. A plurality of control valves or functionally simlar elenments
may be provided in the upper-flow control unit 10 23 dependi ng on act ual
need. Alternatively, other elenents nmay be provided to work with the

auxi liary tool gy,and, bostypeats 4 ani ng_vessel 21. The control
val ves in the upper-fl gﬁcont rol n%%ﬂgﬁng?/ arbcgf58h“n§3? ﬁf&”"t‘a’or BeERERL
devi ces, such aslvacuum vessels, 15 recovery contai ners havi ng nor nal

internal pressure and the like, or to the upper-vessel pipe 12 via a fixed

or detachable joint. As nentioned above, the lower-flow control unit 24 is

20 provi ded at aspredetinddedResi thenuppRthe 100t Lamef, 1 thg tC% aning
vessel 21 to control draining of the cleaning solution out of € Ccl eani ng
vessel 21. A pPECHHASH 6t edmeedetenrieedarofuhtonomaltihe sion barthel ement s

may be provi ded.i I-fl tral_unit 25 24 dependi ng on act ual
need. Alternati \?é%fmgqt g\rg‘éseelle?rgn{és)%%%rﬁg Br&VRESE f’g WoT IR R e
auxiliary tool scdmdiiorst pumers iintbhetict eannigahitasseks2kl The. coptrol
valves in the |O\fBr-f|. w control unjt 24 may be connected to other

devi ces, such a5 PEEVERy %30 TUHER hefRlTia%i g HBRAGE oratdrhaingressure and

the |ike, elements may be provided in the upper-flow control unit
10 23 depending on actual need. Alternatively, other

elements may be provided to work with the auxiliary

tools and instruments in the cleaning vessgel 21. The

control valves in the upper-flow control unit 23 may

be connected to other devices, such as vacuum vessels,

15 recovery containers having normal internal pressure

-and the 1ike, or to the upper-vessel pipe 12 via a fixed

or detachable joint.

As mentioned above, the lower-flow control unit 24 is
20 provided atzipredetermined.posiﬁion.on the bottom of
the ¢leaning vessel 21 to control drainihg 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 in the cleaning vessel 21. .The
confrol valves in the lower-flow control unit 24 may
be connected to other devices, such as recovery

30 containershavingnormalinternélpressureandthelike,

31




31 8 November 2006 or to the |ower-vessel pipe 32 via a fixed pdvember
As nentioned above, the exhausting pipe 14 i's connec

5 at two ends to the upper vessel 11 and the |ower-flow control unit 24 of

det achabl e j oi nt.

t he cl eani ngvessel

flowinto the cleaning vessel 21 via the bottomthereof to exhaust gas
existing in the cleaning vessel 21. The exhausting pipe 14 is 10 provided

dependi ng on actual need. The drai n-to-vacuum apparatus of Fig. 1 can be

set to an initial

about specific §FavPt

solution to the

vessel 51 havi n§°REF

21 for the cleaning solution in the upper vessel

state_through the follow ng steps: 15 1. Obtain data
%}%ﬁoﬁﬁ€‘%

predetermi ned | 5gui:dibavel the sached sishthe t'oogff;e;w %%@g%g'cl%%’ni%%d
er

setting the exhau

st valve 35 to OFF; 32 8 Nove

vessel21viathebottomthereoftoexhaustgasexisting

in

the cleaning vessel 21. The éxhausting pipe 14 is

10 provided depending on actual need.

. The drain-to-~vacuum apparafhs of Fig. 1 can be set to

an

initial state through the following éteps:

Obtain data about specific gravity of the cleaning
solution tobeused, 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

15 1.
20

2
25
30

platform; and calculate the pressure at the liquid

surface 34 in the lower vessel 31;

. Supply the cleaning solution to the lower vessel 31

by setting the pump valve 54 to ON, the exhaust valve
35 toON, and the lower-vessel valve 33 to ON, 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 in the lower

vessel 31, and setting the exhaust valve 35 to OFF;

32

FELFINGL PV P 6 Xssl asatk tadhmivbe une of
the cl eaning vessgh+ 21, and the volunme of the |ower vessel 31; set the
rel ative height difference to be existed between the mddle | evel 20 and
the lower level 30 of the work 20 platform and cal cul ate the pressure at
the liquid sur - he | ower.vessel 31, 2. Supply the cleaning

0 E‘??\A%’fébéé‘ggéﬁ ve’b)?hge?}fii’?fés%ﬁagp‘iﬁﬁ)g ¢di Ve oopnestad t he
exhaust val vie 25 86oten@bl tanths heppomereyv@ssel1 ald/ & 133 1M r1sharti ng

the draw ng pu 53 to draw_ the cleaning solution fromthe rear treatnent
"8 unihedofathprésaiiadvresehdlifovetheed=elnidty until a



3. Supply the cleaning solution to the upper vessel 11 by setgi
upper-vessel valve 13 to OFF, filling the upper vessel 11 mﬁ%ﬁﬂgﬁ%ﬁﬁerOOB
cl eaning solution, and 5 keeping the supply of the cleaning solution to
maintain a liquid surface in the upper vessel 11 at a predeterm ned

hei ght; 4. Regulate the pressure at the liquid surface 34 in 10 the | ower
vessel 31 by setting the | ower-vessel valve 33 to OFF, starting the
drawi ng punp 53 to draw the «cleaning solution fromthe | ower vessel 31
into the rear treatnent vessel 51. The pressure at the liquid surface 34
in the | ower vessel 31 decreases with the 15 lowered |iquid surface 34.

When the pressur®. atupphe thiequidasiniase134ibn ther o ¥ESa8l  Slngaches
the preset pressure, set the draw ng punp %3 to OFF 2%%3 tﬁ%ﬁ%ﬁﬁplgalve 54

to OFF; and 20 5. A¥t3atEiRHcRS PRIy eRthaniadme23t oo adjlusEitheng
rel ative height di therepse-belve i e level . 20 and the | ower |eve
30 of the work platforngﬁTﬁe netﬁgdigsnﬁ%gﬁ%ﬁ%ﬁ Fﬁ&lfﬁbsaﬁgﬁﬁFFb-ﬁaéuum
process 25 &n thekdeaiingt otivacsuprdppasat uheof cFegnidgi nAJudesn t ke

foll ow ng steps: rate_the dragin-tQ-vacuum apparatus so that it is in
its initial stat elrgfa?ﬁ%agnf?ngfqgfgt%u’égaﬁ?hﬁ they vhmaratiesw e 133 18akovenber

2006 2. Fill the &l pasiBgeymssel 2Liwnhid) the cleaning solution by opening
t he upper-vessel valve 13, shutting the | ower-vessel valve 33, opening the

val ve
4. Regulate the pressure at the liquid surface 34 in

10 thelowervess&l31bysettingthelower—vesselvalve
33 to OFF, starting the drawing pump 53 to draw the
cleaning scluticon from the lower vessel 31 into the
rear treatment vessel 51. The pressure at the liquid
surface 34 in the lower vessel 31 decreases with the

15 lowered liquid surface 34. When the pressure at the
liquid.éurface 34 in the lower vessel 31reaches 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.

Themethodofjﬂmlementingthedrain—to-vacuUmprocess
25 on the drain-~to-vacuum apparatus of Fig. 1 includes

the following steps:

1. Operate the drain-to-vacuum apparatus so that it
is in its initial state or in a final state of other

30 operation;
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5 in the upper-flow control unit 23 for connecting the latter
upper-vessel pipe 12, and opening the valve in the | ower- o%vﬁ\f:ba}r‘]a{ﬁ?%?r%%qﬁ[

24 for connecting the latter to the | ower-vessel pi pe 32. Due to the
force of gravity and the atnospheric 10 pressure or since the cleaning
vessel 21 is vacuum the cleaning solution flows or is sucked fromthe
upper vessel 11 into the cleaning vessel 21 and fill up the upper-vessel
pi pe 12, the cleaning vessel 21, and the | ower-vessel pipe 32; 15 3.
Produce vacuumin the cleaning vessel 21 by shutting the upper-vessel

val ve 13 and opening the |ower-vessel valve 33. The cl eaning solution in

the cleaning vesselildl thewsididmidhe vlQuern V§§S‘?Jlé-"1 ﬁ V%‘f h
cl eani ng sol ution beconmes still at a height, the still heig ?ﬁe
cl eani ng sol ution F&l¢domebghorsming| hai n@w@u&temhamangret hez same

specific gravity bei, nder_t he at .the liquid surface
34 in the | ower vegsgg;tmgn%@é?%qrgghg,resvsmernggi 23 ’t‘?‘%e’&’rléﬁrjhhﬁgv%‘i’%tl on in
the cleaniny vesséh 2bef hgwserd-ntiow heohovel vassebidkod ialsefige of

liquid surface 34r’r§F e _|ower vessel 31, the pressure in the | ower vessel
31 increases ft i hEEhet? VR UBPSThe <9 StinPR§Ss bR utd bk dEeBh @

bal anced state. Wenet ha 16}eani nghéohuwe‘%ﬂﬁl%J Neon 8,8 G@Y?”’%ezf t2006
cl eaning vessel 21 is fully drained, a valve in fhe upper-flow con it r ol
unit 23 for Connecppﬁgepﬁéng'the latter to the lower-vessel pipe 32.

Due to the force of gravity and the atmospheric
10 pressure or since the cleaning vessel 21 is vacuum,
the cleaning soclution flows or is sucked from the
upper vessel 11 into the cleaning vessel 21 and fill
up the upper—vessel_pipe 12, the cleaning vessei
21, and the lower-vessel pipe 32;
15
3. Producevacuumjjlthecleaningvessellenrshutting
the upper-vessel wvalve 13 and opening the
lower-vessel valve 33. Thecleaningsolutionin the
cleaning vessel 21 flows into the lower vessel 31.
20 Whenthecleaningsolutionbecomesstillataaheight,
the still height of the cleaning solution is the
height of a cleaning solution having the same
specificgravitybeingmaintainedunderthepressure
at the liquid surface 34 in the lower vessel 31.
25 In other words, when the cleaning solution in the
cleaning vessel 21 flows into the lower vessel 31
tocauseriseofliquidsurface34inthelowerveséel
31, the pressure in the lower vessel 31 increases
to maintain the level of the cleaning solution in

30 a balanced state. When the cleaning solution in the

34




‘upper -vessel pipe 12 may be shut dependi ng on actual need, an !
the lower-flow control unit 5 24 for connecting the Iomr-vegsbgq‘)é?)'!‘%%%@m

is shut, so that the cleaning vessel 21 becones a vacuum zed cl eaning
vessel; 4. Drain surplus cleaning solution fromthe | ower vessel 10 31 to
reduce the pressure at the liquid surface 34 thereof. Since cleaning
solution in the upper-vessel pipe 12, the cleaning vessel 21, and the

| ower -vessel pipe 32 conpletely or partially flows into the | ower vessel

31 when vacuumi s prloduc.ed 15 in t?ce} ¢l eani ng vessel 21, the liquid surface
34 in the |ower vessEI™ 19 AR ¢ FAct BLLE FFriprlsstir@l g ithEhei qui d

surface 34. To draiupgdie- LR on thEaNILAG +S0p yt i, EBHBe‘J’cSLana! Yge33 of
the |ower-vessel, open the punp valve 54, and start the 20 draw ng punp 53

to draw t he cl eani PRI UI¢ DT FoRe LRendvwer sivet spSidimg ort Aetnear
treatnent vessel Sl ptil u the |iqui,d surface 34 reaches
the set pressure value,’ an’%Fﬁ P‘ﬁeﬁégﬁétgﬁhgkﬁunﬁw\?gl \l#elo%ﬁoré*ﬁ’ac’gSu%.l The
above steps tonpl e?d procedunestingotite Qyoter-0ds sBE wisd B2 @svasgdm

process to produce va%ﬁumti n the cJeaning vessel 21, so as to faci [itate a
next cycle of the &CarR2FotVacFATpIVE &S sSSP 235Pg CREFENDEF2POUBL ZEdr t he
cl eani ng sol ution Qanawg Rt s Ir ecovery

4. Drainsurpluscleaningsolution fromthe lower vegsel

10 31 to reduce the pressure at the liquid surface 34
thereof. Since c¢leaning . geolution in the
upper-vessel pipe 12, the cleaning vessel 21, and

the lower-vessel pipe 32 completely or partially
flowsintothelowervessel31whenvacuumisproduéed

15 in the cleaning vessel 21, the liquid surface 34
inthelowervesselBlréisestoincreasethepressure

at the liguid 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
5luntil thepressureat theliquid surface 34 reaches

the set pressure value, and then shut the pump valve

54; and
25
5. The above stéps complete procedures in one cfcle
of the drain-to-vacuum process to produce vacuum
in the cleaning vessel 21, so as to facilitate a
next cﬁcle of the drain-to-vacuum process.
30
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cont ai ner having normal internal pressure (not shown), the drgiﬂb\hé?ﬁﬁ 5568
apparatus of Fig. 1 is further provided with a vent valve (not s OWH?FI n
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 wunit 24 to communicate
with a pipe led to the recovery container. 10 The nethod of admtting

cl eaning solution into the recovery container includes the follow ng
steps: 1. Open the vent valve in the upper-flow control unit 23 for the

cl eani ng vessel t e hav, i_nternal 15 pressure; and 2. Open the
val ve connect i ngg%ﬁe(%lh%ae(fel-%%{vrfq or?torlglltlt?rﬂ t&° Zgaﬁﬁ’d AHe r 2cEPEAY SEant ai ner
for the cl eani ngeosbhibrorhavite ciredni AgerassebradshPef (V¢ ALY 20
recovery containgr until the cleaning vessel 21 is fully drained, 'dnd then
shut both the veht vaf#&"of-° tTREUHARRFBALEENCL0IFigni t1 28s afidrtherval ve

connecting the |enevifkawiGankraln Uk 24208 &€y ery gantainer. 25
Pl ease refer to Fig. 2 that is a I}:oncept usl disag‘r%éln% flg%\(gjvﬁ ﬁﬁp?ﬁe%&f:’érani ng
and vacuum dryi iiPappat diust 2% dor didrg tt eitthe npoesenrt cl axanhigoteskalt he

illustrated figye, ratus .includes tw sets of the 30
dr ai n-t o- vacuum apbaarrtac?ﬁs%%?%l—el d%of Sg‘ofﬁ’lnur afi F?eoiow%ﬁ“glRIUv‘éﬂﬁEFOQOOG
vacuum vessel s 25 obt2di nedcbnauntie tdr Al Bht 9-yACAIUEA 2RPARAL HS.ofeblUral ity

of heat control units 60 for
container.

10 The method of admitting cleaning solution inte the

recovery c¢ontainer includes the following steps:

1. Open the vent valve in the upper-flow control unit
23forthedleaningvesseiZl'U)havenormalinternal

15 pPressure; and

2. Open thevalve connecting thelower-flowcontrol unit
24 and the recovery container for the cléaniﬁg'
solution in the cleaning vessel 21 to flow into the
20 recovery container until the cleaning vessel 21 is
fully drained, and then shut both the vent valve of
the upper-flow control unit 23 and the valve
connecting the lower-flow control unit 24 and the
recovery container.
25
Please refer to Fig. 2 that is a conceptual diagram
showing the c¢leaning 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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vaporizing or sublimating the cleaning solution, a plurality thﬂﬁﬁﬁerzo 6
egress units 80 for condensing vapors, 5 and other auxiliary geV|ces, suc
as connection pipes. Upper-flow control units 23 and | ower-fl ow control
units 24 in the drain-to-vacuum apparatus are detachable joints and
therefore allow the cleaning vessels 21A, 21B to be separabl e vacuum
vessels 25. 10 In addition, the cleaning vessels 21A 21B are configured
to performnmultiple operations, including wet clean, dry clean, vacuum

heat drying, and,a@euefEeezesdr yiRg i and 4 over and store clean
cleaning solution and waste sof ution. 15 Ther%c ggqn? nCEgrE\l/Jér%s P33R"8F t he
first drain-to- PRRAMACapparaplsrad iconmdcthed tt acdier el eami bg ¥essgl 21B of

t he second drai n:-tQ- parat.us vi.a a pipe, .on a predeterm ned
position of mhi?#é}ﬁﬁgﬁw g?gsgu%hﬁyﬁﬁf%% F%gnﬁﬁﬁﬁédqﬁ)%Rﬁﬂﬁ%%@rgaseous
cl eani ng sol uti @i umpssist ngfitereehresghun it o sl i dofbeaniing seLytion.  The

cl eani ng vesgels 2 AJC 21B are_connected to the vacuum vesséls 25 obtai ned
fromthe two” sef&%P BRI FU¥bLVAEYHRVEpPar sturh visacphpestion miedet er mi ned

posi tions of 25uppeah fieal @aﬁ@§§1umﬂntisq5802§r§ng09§h%‘%- o%on&e”ge gaseous
cl eaning sol ution passing therethrough intc Tiquid cleaning $ofGt?bn. The
cl eani ng vessel $"2t8 24 B igre fim erdahliy-proviededmi Epdeattegressaunits

quid or sol derEttn S o T8RSl P A crblrnaGhs cloaning |

vessels 21A, 21B to be separable vacuum vessels 25,

10 In addition, the cleaning vessels 21A, 21B are
configured to perform multiple operations, including
wet clean, dry clean, vacudm heat drying, and vacuum
freeze drying, and to recover and store clean cleaning
solution and waste sclution.

15
The cleaning vessel 21A of the first drain-te-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 is 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 80 are mounted to condense
gaseous cleaning solution passing therethrough into
liquid cleaning sclution. The cleaning vessels 21A,
21B are internally provided with heat egress units 80
to condense gaseous cleaning solution in the cleaning

30 wvessels into liquid or solid cleaning solution, and
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wi th heat control units 60 to vaporize liquid cleanin sol ut ¢ r
sublimate solid-state cl eaning sgl ution i g t he cl eani gg vesse?yb‘%%%rnz%os
| ow di ssol ved-air cleaning solution and the drain-to-vacuum process are
used to vacuum ze the cleaning vessels, very lowinternal air pressure and
vapor pressure fromthe cleaning solution exist in the vacuum zed cl eaning
vessels. Therefore, the influence 10 of air pressure to the entire process
is mnimzed. The present invention also enploys the physical features
that boiling point f _general Li uigs | ower with reduced pressure and
that two vacuum“’\}et}sglesa,&ofzongir fleﬁﬁh S\t KihyaPerpérat tFesdvpteanhage a

pressure 15 diffsenedial oetywesnihhekr sé@&%!r—%tt%QeV@@%rarﬂrr?gssiﬁﬁti&r? Cause
liquid in the vacuunm zed cl eaning vessels 21A, 21B to absor eat of

vapori zati on toipr Sdifc AR Yeateifow through the heat egress units 80
connected to the vacuum vessels 25 to condense into clean and 20

| ow-t enperature cleaning solution and flow into the vacuum vessels 25 and
be recovered: Wihlert e hbovdisaviaegensnt Sg1ddel €f eapiigiand avacuua dryi ng
apparatus of tae present _invention as shown in Fig. 2 can be used to
per f or m vacuum A&ALPdrSA R CVHR uRRCEESS2 2 47 yPigd 2 réeevemiiag dihel eani ng

sol ution or vasteesliuld ofbs s HAURNG TEALHRAALIIT; A0 ALAAUCT NG,
| ow di ssol ved-air cleaning solution. To use a part of the cleaning and
vacuum dryi ng apparatnsesggref £ Fpy. tive tad gegdiokesolowipnesstice gassHesed in
dry clean, 38 gac \ﬁ%qg%rngggningvessels. Therefore, theinfluence
10 of air pressure to the entire process is minimized.
The present invention also employs the physical
features that boiling points of general liqguids 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 in the vacuumized cleaning vessels 214,
21B to absorb heat of vaporization to preduce vapors
tha_t 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 vessgels 25 and be recovered. With the above
arrangements, the cleaning and vacuum drying apparatus
of the present invention 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.

To use apart of the cleaning and vacuum drying apparatus

30 of Fig. 2 to recover low-pressure gas used in dry clean,
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the cleaning vessel 21B is connected to a corresponding vacu %
by connecting the vacuum vessel 25 to a valve in the upper- flgvﬂo\(%%t?? I%G

unit 23 of the cleaning vessel 21B via a pipe, and to a gas vessel 5 26
by connecting the gas vessel 26 to another valve in the upper-flow control
unit 23 of the cleaning vessel 21B via another pipe. The nethod of
recovering the | owpressure gas used in 10 the dry clean includes the
foll owing steps: 1. Produce vacuumin the cleaning vessel 21B by

i npl ementing th t.o-vacuum pr S to set the drain-to-vacuum
appar atus to |t§t1?%u@t1|%a MAGESSE gf HrotigRnerher bpér aersrsrehdingas a

final state al saraqnnmduceagewaeaumyl R tnhe & 1 e;pgmggev‘gggﬁ{lng@sge gi Il the
cl eani ng vessel 21B with gas b¥ opening the valve in t
control unit 23 %or® Yol¥8nhBc Pﬁgupﬁ’@rgésl%mitaﬂ, tamdtthenoshujhet he

same val ve when dihe: ¢l €8N 89:s%e55¢k asg,sheen filled wtih a
pr edet er mi ned anount of@t he aas SO %%gtg %e <l eanl ny” ves$ef Y$BSBécones a

| ow pressure vegs%lbeC'FMHe@ctlpnw thet besgasssand 225 3 Hxbawst Hheve

| ow pressure gas . cleanjn sel. 21B at the tine the dry clean is
conpl et ed by opgrrﬁ ﬁag %‘Fe vaﬂ/e‘glcr?“tscﬁé’lubﬁélt 41 ofv dvnetsrrdmia vessébr
connecting the vamiumaessethed gkt he valve in 30 the | ower-flow control
unit 24 for connecting the 39 8 Novenber 2006 exhausting pipe 14, so that

t he cl eani ng sol ution
The methed of recovering the low-pressure gas used in

10 the dry clean includes the following steps:

1. -Produce vacuum in the cleaning vessel 21B by
implementing the drain-to-vacuum brocess to set the
drain—to—vaéuum apparatus to its initial state or

i5 throughotheroperationsthathaszafinalstatealso

producing vacuum in the cleaning vessel 21B;

2. Fill the cleaning vessel 21B with gas by opening
the valve in the upper-flow controel 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 pPressure vessel

filled up with the gas; and

25
3. Exhaust the low-pressure gas in the cleaning vessel
21B at the time the dry clean is completed by opening
the valve in the upper-flow control unit 23 for
connecting the vacuum vessel 25 and the valve in
30 the loweruflow‘ control unit 24 for connecting the
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is upward supplied into the cl eaning vessel 21B from a botto NJ%r %"%@Q
raise a liquid surface in the cleaning vessel 21B until the Fower- S %
gas 5 in the cleaning vessel 21B is fully recovered and stored in the
vacuum vessel 25; and 4. Shut the valve in the upper-flow control unit 23
for connecting the vacuum vessel 25. 10 Please refer to Fig. 3 that is a
conceptual diagram showi ng an enbodi nent of a serial mnulti-vessel cleaning

and vacuum dryi ng apparatus according to the present invention. In the
illustrated enbodi nent, there is 15 shown three cleaning vessels 821A, 821B
and 821C i ncl uded S e - HppFr st 41 tsedmh e Fhrurrl eamaing nsslubppar at us

i ncl udes conponent s Shiihat d0pb 1088 sl Wsleder L0 1R (£l £a1Y B9 apd, vacuum
drying apparatus of Fig. 2 except that it further |ncludes vacuuntVal ves
B, C20 to serially &8 theer et e drt ip ves sellsi B0 s BRBre B21€hé0 One

anot her, and vacuu |\ Lpl.et .and _outlet, respectively, for a
wor kpi ece 90 trang‘l\ggrnég&béfen%a%g %?gauggrl]\gle§§ﬁ tEVEFTE P TRaARS t he
appar at us, respectiivelthe A3eshowy iveddeg 238 tihe £20 16} ealideVessels 821B
and 821C in their i r11_i ti %1/ 'St%fh?e are vacuum zed cl eani ng vessel s obt ai ned’
by using the |ow §i-§$6Fvéd- &' M¥EAM™hg'avith idh aedthe drai n-to-vacuum

process on the apparatus or the present. invention. The nethod of
perform ng cl eaning and 30 vacuum drying on the serial multi-vessel
cl eaning and 46-8SNoterber v2J0& in the upper-flow control unit 23

for connecting the vacuum vessel 25.
10
Please refer to Fig. 3 that is a conceptual diagram
showingaulembodimentofkasefialmulti—vesselcleaning
and vacuum drying apparatus acéording to the present
invention. In the illustrated embodiment, there isg
15 shown three cleaning vessels 821A, B21B and 821C
included in the a?paratus‘ 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 it further includés vacuum valves B,‘C
20 to serially connect the cleaning vessels 8214, B21B,
821C to one another,‘and Vacuum valves A, D as inlet
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 c¢leaning vessels 821B and 821C in their initiai state
are vacuumized cleaning vessels obtained by using the
low-dissolved-air cleaning solution' and the
drain—to—vacuumprocessontheapparatusorthepresent
invention. The method of performing cleaning and

30  vacuum drying on the serial multi—#essel cleaning and
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vacuum dryi ng apparatus of Fig. 3 includes the follow ng stepg: i
t he vacuu% vgl ve A and use the conveyer to send 5 the workpi §é‘é°‘f°rﬂ'§)gfg%°6
first cleaning vessel 821A that has nornmal internal pressure, and then shut
the vacuumvalve A; 2. Use the | owdissolved-air cleaning solution and the
10 drai n-to-vacuum process to produce vacuumin the first cleaningvessel
821A when t hewor kpi ece therein .has been treated with predeterm ned

wor ki ng procedures; open the vacuum val ve B and use the conveyer to send
t he wor kpi ece i Wt GUERE BECHRAPPS AP ARG Mes3din g2 s fhd Adiekowwimg t he
vacuum val ve B;+d3,5Open the vacuumvalve D when the third cleaning 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 | owdi ssoI]\_/edd air t&! eani r\njg1 solytion and the drain-to-vacuum process
to produce vaculmifTt het® YRIFH V8 R4 4= §heccopBeppEate Faidr to

Fig. 4 thatsis a consepbsigbidibagiam, shawengsthemethod, Q,fes%reoldtéfz'ff}n? and
recovering the |owdissolved-air cleaning solution wth a part o he
cl eani ng and vacudial Jiasgnappadat nteohal res seeat 801 theerhon.thds shown
in Fig. 4, when thghgj ;1 p;yaguum 41 8 Novenber 2006 process is used to
produce vacuumin the cleaning véssel

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

10 drain-to-vacuum process to produce vacuum in the
firstcleaningvessel821Awhentheworkpiecetherein

.has been treated with predetermined working
procedures; open the vacuum valve B and use the
conveyer to send the workpiece inte the second

15 cl e.aning vessel 821B, and then shut the vacuum valve

B;

3. Open the vacuumvalveDwhen the third cleaning 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 821cC.
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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21, the liquid |l evel of the cleaning solution becones still
cl eani ng vessel 21 and covers the heat control unit 60. The %&\?egpagr 906

Fig. 4 is configured 5 with the following features: 1. Since boiling

poi nts of general liquids |lower with reduced pressure, the heat control
unit 60 may introduce |owtenperature heat energy or waste heat 10 to heat
the cleaning solution in the cleaning vessel; 2. The cleaning vessel 21
provi des increased cross-section area at t he liquid surface therein to
facilitate vaporization of the cleaning solution; 15 and 3. A recovery
cont ai ner havi n§4P61a7 1t hal predeae acunm &h titge gérenallyyvdenel ed by

reference nunmeral 9 n { valve in the |ower-flow contro
20 unit 24 via alpl thie h gﬁgnglt Egg%'dl o €hu0| NG A rEtovet PR FRInes

| ow- di ssol ved- alsrtldlleam rtg'leoilléaﬁ)ﬁnw tbskhe cheamidn@o-and waruum deyi ng

appar at us of FI% Qflud he 25 followi ng steps: 1. Set the
dr ai n-t o- vacuum 85%&19 B8 FntY uded s APPRE 2 ti1%eahi Figg addi v asmfhaimedg

apparatus toitsiichi thal roitiabg oy @eddfials state of other operation, so
that 30 pressure at the, liquid surface 34 set for the lower 42 8 Novenber

2006 2. Inplenent the drain-to-vacuum process to produce vacuumin a part
of VQ| ure of th?.Céfﬁgér}goyffgglpogz%tsSof general liguids lower with

reduced pressure, the heat control unit €0 may
introduce low-temperature heat energy or waste heat

106 to heat the cleaning solutionin the cleaning vegsel;

2. The cleaning vessel 21 provides increased
cross-section area at the liquid surface therein to
facilitate vaporization of the cleaning solution;

15 and

3. Arecovery container havingnormal internal pPressure,
which is generally denoted by reference numeral 95,
is connected to a valve in the lower-flow control

20 unit 24 via a pipe.

The method cf producing and recovering the
low-dissolved-air 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
c¢leaning and vacuum drying apparatus to its initial
state or a final state of other operation, so that

30 . pressure at the liquid surface 34 get for the lower
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3. Use the heat control unit 60 to heat the cleaning soluti 0§ M&EW%"U%OOG

cl eaning vessel 21 for the liquid surface thereof to boil, and Cco

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 nornmal internal pressure, and open the

val ve of the 15 lower-flow control unit 24 for connecting the recovery
container 95 so that the | owdissolved-air cleaning solution in the

cl eani ngvessel 21 is drained into the recovery vessel 95; and thereafter
shut the above-nentioned two valves again. 20 Please refer to Fig. 5 that

is a conceptual -di i . mef hod_of recaovering cl eaning sol ution
and waste sol ugi'oggl%%@éneggér)ﬁ%lﬁg %{:{lgggnyﬁﬁugﬁdp\%@&ﬁrﬁg S IR Y ar at us
of the present inveatuom iViher pamt 25 tviod ulaaidE tHre/ RQWHA IH PCRSSsd B

enpl oyed to produc? vacuumin two cleaning vessels, and the physi cal
features that boil ﬁg points of general liquids lower wth reduced
pressure, that |iquid saturated vapor pressure reduces with | owered
tenperature, and that 30 two vacuum vessel s of different working
tenperatures 43-8URBvEhBeheatosonkwoild undve 68 proe$earte tdicf fodreantiiray

between their satyrafed vapgr pLessures are egg!oy%ﬂglo recover the
. . o the. 3 ] .
cl eani ng sol ution an% waste sol uti on. 5 T¢ ME&sVer 4hé °d &A% Ad @diduti on
and waste sol uti onsurface 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 cleaning vessel 21 to return fo the normal
internal pressure, and open the valve of the

15 lower-flow control wunit 24 for connecting the
recovery container 95 so that the low-dissolved-air
cleaningsolutioninthecleaningvessel 2l 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‘thelnethodcﬁ?recoverin§ cleaning solution and

waste solution on a part of the cleaning and vacuum
drying apparatus of the present invention. Wherein,

25 the drain-to-vacuum process is employed to produce

vacuum in 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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with the cleaning and vacuum dryi ng apparatus of the resent oihventi on
one of two clean?ng vessel s of %/heg aBBaratus is used gs a vaB&ﬂP%ﬁ? %52006
vessel 121 to vaporize the cleaning solution or waste solution, and 10 the
ot her 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 predeterm ned
position may introduce |owtenperature heat energy or waste heat to

vapori zed the cfeahiindae uki anresswast elistfatéotian HeewaaPOorhzatd on

vessel 121. The %%QSLLES&iQQ ggssel 121 has an upper-flow control unit 123
connected to an UppET - 11 oW contTHF ERF (2R £ R e sesryeresbel 221

via a condensat echépei B2, soeatiannhddl @apesi tbap @b, Whi ch a heat egress
unit 80 is nmounted to condense vapors passing therethrough into |iquid.
The recovery container having normal internal pressure (not shown) 25 is

connected tosa v@&l ve.d e - contyirql. unit 224 of the recovery
vessel 221. In thezﬁ%ﬂ$§%Pth8$§%8%%§§ i%%}% %ﬁﬂﬁﬁﬁ%i%%ﬁ?%ﬂﬁ%%%ngHIZI can
be timely repl etihddhd ridmaienapped vesseh dddi wgtdppdeaehsadknghe

sol ution or mas%ggyg&%ifghto be recovered, in_order 30 to maintain the
liquid surface i'n the vaporirat?dn °% of Nooerberr2Dgevesesdel oioihe|t s

to be noted theapapardtasd | 08 Vesselad2d RaS A Wk 519 %Qgpgiatl‘érle hi gher
t han that of the reqover¥lvessel_221, and the heat contro uni't 60° has
vaporize the cleaning solution or waste solution, and
10 the other cleaning vessel is used as & recovery vessel
221 to recover and store the cleaning solution or waste
solution. Since boiling ﬁoints of general liquids
lower with feduced.pressure, the heat control unit 60
provided on the bottom of the vaporization vessel 121
15 at a predetermined position may introduce
1ow—temperatunaheatenergycn:wasteheat'U)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 aheat egress unit 80 i1s mounted to condense vapors
passing therethrough inte liquid. The recovery
container having normal internal pressure (not shown)
25 is‘conneéted to a valve in the lower-flow control unit
224 of the recovery vessel 221. In the course of
vaporization,thevaporizationvessel12lcanbetimely
replenishaﬂfrmntheuppervessellllwiththecﬂeaning
sclution or waste solution to be recovered, in order

30 to maintain the liquid surface in the vaporization
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a working tenperature on the gas-liquid equilibrium5 curve o i
solution. To avoid a reduced pressure differential between t%gkm%ﬁ%é¥§bdg

vapori zation vessel 121 and the recovery vessel 221 due to any air

di ssolved in the cleaning solution or waste solution to be recovered,
operations for producing the 10 | ow di ssol ved-air cleaning solution can be
performed in advance to renove air dissolved in the cleaning solution or
waste solution to be recovered. The nethod of recovering the cleaning
solution and waste 15 solution includes the followi ng steps: 1. Operate

t he drain-to-vadfafslppgdlat ud tot stthe bevapbedzobeompesseht 13h Bossbnt it is

inthe initial ate, and the pressure _at the liquid surface set 20 for
the | ower vesseﬁ%?3T%€b&I Char h aiﬁmpﬁéaﬁgfﬁhglgbgrtﬁgagtFPPtCPgahW%g
sol ution in thereapord Zaticyse Vassel akal raedneavetohgoheat ; €08b ol o unit

60; 2. Operate the drain-to-vacuum apparatus of the 25 recovery vessel 221

so that it is iff tWENIMTimreratereany the gresddppist edvd Jikyuiwn sur f ace

set for thesloweresel t¥31lc£ouh dnpr odyge s vacuum,i 0, ke whol e recovery
vessel 221 for the latter to becon%ga vacuﬁn10esgélgv§%%4§'§“¥§V€ﬁ%er 2006
3. Use the cl eakiregsprandsfd egeindtiiadnbebvbenr glteweaiped: iattdt- 1 b€ vessel

drai n-to-vacuu rLoce on_the drain-to- uym apparatus of the
vapori zati on \%géeﬁmi%e{ 565P38ﬁ¥ev%%%%{|:/%azﬁngﬁe ¥ Vo PdFsolved

in the cleaning solution or waste solution to be
recovered, operations fof producing the
10 low-dissolved-air cleaning solution can be performed
in advance to remove air dissolved in the cleaning

solution or waste solution to be recovered.

Themethod of recovering the cleaning solution and waste

15 solution inecludes the following steps:

1. Operate the drain-to-vacuum apparatus of the
vaporization vessel 121 so that it is in the initial
state, and the pressure at the ligquid surface set

20 for the lower vessel 131 could maintain the height
of the still cleaning solution in 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 ligquid 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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5 of the vaporizion vessel 121; 4. Use clean and | owtenper at yn | |
solution or solution and the drain-to-vacuum process on the 8'NoveriiBer 2606

dr ai n-t o- vacuum appar at us of the recovery vessel 10 221 to produce vacuum
in the whole recovery vessel 221 for the same to becone a vacuum vessel

5. Open the valve of the upper-flow control unit 123 connecting the
condensate pipe 82 to the 15 vaporization vessel 121 and the valve of the
upper-flow control unit 223 connecting the condensate pipe 82 to the
recovery vessel 221, use the heat control unit 60 to heat the cleaning
sol ution or wastle s&kgttba tbedbeingooyeredtandl 2@ icu tenbeyrsantained in

t he vapori zation veg%%l 1%111 sgrt q%t"tt he cl eaning solution or waste
solution to be recovered absor B R&AT TS WADBTT zath'GiFeHE bePh vapdre zed.

Since a tenper at ur eddiafiherentialuurbebpparatthe reeovalyvesssl 22k and the
vapori zation 25 vessel 121 results in saturated vapor pressure
differential, vaporV2&8%dad?itntrheredyes yacuwm ivesselartt2l srcdaused to

diffuse towayd the gendensahoorpiRe 85.30d,t e, heat egress unit 80 and
finally condense into the clean and | owtenpérdture 30 cl eaning solution

or solution and flowinto the 46 8 Novenber 2006 recovery vessel 221; and

6. Wien the recgvery vessel 22%{15 saturated, shut the valve communicating
the upper-flow conttof UMit" 225 8 of *TRE*rELEPT e yREBEISPRtiMR I91t he

condensat e pi pe solution and the drain-to-vacuum process on the
drain-to-vacuum apparatus of the recovery vessel
10 221 to produce vacuum in the whole regovery vessel

221 for the same to become a vacuum vessel ;

5. Open the valve of the upper-flow control unit 123
connecting the condensate pipe 82 to the

15 : vaporization vessel 121 and the wvalve of the
upper-flow control unit 223 connecting the
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 currentlycontainedinthevaporizationvessel121,
so that the cleaning solution or waste solution to

be recovered absorb heat of vaporization and be
vaporized. Since a temperature differential
betweentherecoveryvessel221andthevaporization

25 vessel 121 results in séturated vapor pressure
differential, vaporized gas in the vaporization
vesséllZliscausedtodiffusetowardthecondensate

pipe 82 and the heat egress unit 80 and finally
condense into the clean and low—temperaturé

30 cleaning solution or solution and flow into the
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82 and open the val ve of the upper-flow control unit 223 ConsﬁﬁﬁﬁﬁBBEEQGGB

recovery vessel 221, so that the recovery vessel 221 is retu

normal internal pressure; open the valve of the lower-flow 10 control unit
224 communi cating the recovery vessel 221 with the recovery contai ner
having normal internal pressure for the clean cleaning solution or

solution to drain into the recovery container; shut the valve of the
upper-flow control unit 223 15 connected to the recovery vessel 221 and the
valve of the lower-flow control unit 224 comrunicating the recovery
vessel 221 with t heTPEEHFENy VEGSEdi 7L, amnsk the clean and | owtenperature
cl eaning solution or solution and the drain-to-vacuum process on the 20
dr ai n-t o- vacuum appar atus of the recovery vessel 221 to produce vacuumin
the whol e recovéry Vessethe 22bchasryt ressare22 o ineeamara teCUYALYegsel | and

open the valve on t%]\ﬁ Ci)er flow control unit 223 conmmunicating the
recovery vessel 221VRfYR THEWE CdhtRAdREPraE- §%°f’61°éﬂ?ﬁq]nuélﬂ?é?recovery

of the ~cleaning s%ﬂtﬁmr@&%v@lw{rbgeel@fﬁ%ﬁtrhef;ﬁé éc%cféxgs Ep Is a
conceptual diagram show ng the nethod of performng vacuum h dDryl ng 30

on a part of the cl@amnsyoras %N@#\V@r‘yfrtgl%tppaﬁat-ﬂowﬁoﬁtmyenﬁw 2006

of the present inveptko n. . the, | ow-di ssal ve cl eani ng soI ution
and the drain-to- va%:uuér;?%xxr{%grégé 5 S TR T ‘be?%%‘?fgeé%/]acﬁﬁntl

cl eaning vessels, atide tfec@physycobséent27esi 4 halturned to the normal
internal pressure; open the valve of the lower-flow

10 control unit 224 communicating the recovery vessel
221 with the recovery container having normal
internal pressure for the clean cleaning solution

or solution to drain into the recovery container;

shut the valve of the upper-flow control unit 223

15 connected to the recovery vessel 221 and the valve
of the lower-flow control unit 224 communicating
therecoveryvéssel221withtherecoverycontainer;

use the clean and low-temperature cleaning solution

or solution and the drain-to-vacuum process on the

20 drain-to-vacuum apparatus'of the recovery vessel
221 to produce vacuum in the whole recovery vessel

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

the wvalve on the upper-flow contrel unit 223
communicating the recovery vessel 221 with the

25 condensate pipe 82 to continue the recbvery'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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5 boiling points of general liquids |ower with reduced pressgls s
| i quid saturated vapor pressure reduces wth | owered terrpera?ll'}‘ri‘)é’,e and‘;f’%oaq

two vacuum vessels of different working tenperatures would have a pressure
differential between their saturated vapor pressures 10 are enployed to dry
t he wor kpi ece. Since boiling points of general liquids |ower with reduced
pressure, the heat control unit 60 provided on the bottom of the cleaning
vessel 321 at a predetermi ned position may introduce |owtenperature heat
energy or waste heat 15 to vaporize cleaning solution or waste solution in
the cleaning v&Ssel B¥W. AFatelim vedseleniians connedttedteio, a vahaye of an

upper - f | ow cont f@h, i ds 323 Pf e ni.ng vessel 321 via a_condensate
pi pe 82, near a mddlie pos?ti%inpof %?%ngghea og[élrtelso§ unit" 30 iseount ed

20 to condense vapors tFass gt bebeldw=0ag8 dnilnydd oo robilicbS,NO1G4 t he
a working _tenperature on the gas-liquid

heat control unit GI?eréﬁséan )
equi | i brium curv8 BFeHE2HIAKPRAGLSI LRFOE P aREYEhead| Eantngevedwet 321
g : .
has a workifg beapemat g nHsgher gTelf'l@'i‘atl_hqtiq%fi&;'qD\{«%(\tuWt}'ﬁSrev Scseeci 25.
The method of perform ng vacuum heat drying operation on the cleani ng and
vacuum dryi ng aPp&F&tEs ofhEtd.1aw 4 geltuded acheapok|rove sigusé epstud 48 8
Novenber 2006 1; . Rrpd in,the cleaning vessel 321 by inplenenting
bel i R POHEELUAEUHIL LD, anind bire ]
the drain-to-vacuum process fo set-the:  dPaFnSt 3 VARIIRASAPPArESES 6t t he
cl eani ng and Vaoﬁmﬁfferentworkingtemperatureswouldhavezapressure
differential between their saturated VAPOr pressures
10 areemployedtodrytheworkpiece. Sinéeboilingpoints
of general liquids lower with reduced pressure, the
heat contrel unit 60 provided on the bottom of the
cleaning vessel 321 at a predetermined position may
introduce low-temperature heat energy or waste heat
15 to vaporize cleaning golution or waste solution in the
cleaning vessel 321. A vacuum vessel 25 is 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 whicha heat egress unit 80 is mounted
20 to condense vapors passing therethrough into liguid.
It is noted the heat control unit 60 has a working
temperature on the gas-liquid equilibrium curve of the
cleaning solution, and the ¢leaning vessel 321 has a

working temperature higher than that of the wvacuum

25 vessel 25.

The method of performing vacuum heat drying cperation
on the cleaning and vacuum drying apparatus of Fig.
6 includes the following steps:

30
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drying apparatus to its initial state or through other 5 oper gt h
has a final state also producing vacuumin the cleaning vessghh§g§“$%$£?%%

same to becone a vacuum vessel; 2. Open the valve of the upper-flow
control unit 323 10 conmunicating the cleaning vessel 321 with the
condensate pipe 82, use the heat control unit 60 to heat the cleaning
solution left on the workpiece 90, so that the residual cleaning solution
absorbs heat of vaporization and vaporizes. Since the 15 tenperature

di fference between the cleaning vessel 321 and the vacuum vessel 25

resul ts in satudat 8doduapor vpressuren dithieer enthaling heexapori zed

produced in the clean&n% gﬁsel 321 is caused to diffuse fromthe cleaning
vessel 321 toward tHBSBCHMEhEReETRPy B vnavEReIRR S Bdresst (il 80 and

be condensed into akaan-aadvaeur-Papes Al UE il ERDINGrIG 4L LA LAY, 1 ove
into the vacuum vessel 25 and is recovered; and Cont i nué the'
recovery of the cléﬁﬁiﬁgaﬂﬂanﬁtﬁﬁbﬂP¢Blnimﬁahseamwothssugnomhdﬂm

cl eani ng vessel o t . ri.se.an e vac um heat, drying is
now conpl eted. 30 %eggéo?gfg% =t Ey 393H5% ?Q B?C% gBpPUSAYELAGr am 49
8 Novenber 2006 shawing ihetnathDdaﬁingeﬁE@@@ungzua@u&ﬁkh%e%é%ed%%'”9 on a

part of the cleanlq% and vacuunldrylng apparatus of the present invention.
Wher ei n, | ow di ssdPYEAERI 7 VRFEYMi ¥§S§6Lati on and the drain-to-vacuum

process are
2. Open the valve of the upper-flow contrel unit 323
10 communicating the cleaning vessel 321 with the
condensate pipe 82, use the heat control unit 60 to
heatthecleaningsolutidhleftcnltheworkpiece90,
so that the residual cleaning solution absorbs heat
of wvaporization and vaporizes. Since the
15 temperature difference between the cleaning vessel
321 and the vacuum vessel 25 results in saturated
Vapor pressure differential, the vaporized gas
produced in the cleaning vessel 321 is caused to
7 diffuse from the cleaning vessel 321 toward the
20 ~ condensate pipe B2 and the heat egress unit 80 and
becondensedintocleanandlow—temperaturecleaning
solution that flows into the vacuum vessel 25 and

is recovered; and

25 3. Continue the recovery of the cleaning selution until
the internal pressure of the cleaning vessel 321 does -
not rise any longer. The vacuum heat drying is now

completed.

30 Please refer to Fig. 7 that is a conceptual diagram
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5 used to produce vacuumin the cleaning vessel, and the hea [
and the hegt egress unit are alternately used to control ten%gﬁﬁﬂﬁpgéﬁgﬁbé
drying the workpiece. The heat control unit 60 is 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
sublimation heat to the workpiece 90 to be dried for the sane to sublimte
in the course of sublimtion. The heat egress unit 80 is adapted to
condense vapors produced through 15 sublimation into solid state again, so

that the internalhowies s reft Hte oF PARERGmY 835k 52k E§e59etdpﬁ19¥]\' the
saturated vapor pressure at the sublimation tenperature. Both the heat
control unit 60 Uhd PR&Etheat tkgresezniang 280 aseur ehpei oy LrEpasages on t he

gas-solid equilidy igm SuLYVE Bfdhe gl ean | ytion used in the vacuum
freeze drying. The né%ﬁ%d of pertofning 32%%%%???§égﬁfjr%ﬁ?mf%ﬁl?h%
cl eani ng and vacheamning Fe lapparatus! oherigaid-taekudesm gbothesfold ow ng

steps: 1. Prg?uce %f%%un1' e géﬁgghﬂgtvessel 521 by usin t he

in th g
| owdi ssol ved-air ¢ ean?ﬁagg8FUY e cdrarintovessadm précEss to set

the drain-to-vacsn 3Goappanat yaief Lhe ciraninRgandgyaguum,diying. .
appar.atus -50 8 Novenber 2006 to its initial state, or through other
oper ations that 3&rEneieliarsedate et ner ok dduwiens twacy Gior dryheg tdHeeani ng

vessel 521 for h%%fﬁygéép @%gwgaéag%l%é u¥$%§ﬁJisadaptedtolower

the temperature of the workpiecé 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
is adapted to <condense vapors produced  through
15 sublimationintosolidstateagain,sothattheinternal
pressure of the cleaning vessel 521 is kept below the
saturatedvaporpressureatthesublimationtemperature.
Both the heat control unit 60 and the heat egress unit
80havetemperaturerangesonthegas—solidequilibrium
20 curve of the cleaning soclution used in the vacuum freeze

drying.

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

25 the fcollowing steps:

1. Produce vacuum in the cleaning vessel $21 by ﬁsing
the low-dissclved-air c¢leaning 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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5 2. Actuate the heat control unit 60 to lower the tenperatu
wor kpi ece 90 to be dried to a point |ower than the | owest eu?gﬁﬁ%%hggféPos

of the conpositions thereof, actuate the heat egress unit 10 80 to provide
heat of vaporization to vaporize the cleaning solution left in the

cl eani ng vessel 521, so that vapor pressure in the cleaning vessel 521 s
| arger than the saturated vapor pressure at the tenperature set for the
heat control unit 60; and 15 3. \Wen the workpiece 90 to be dried reaches

a tenperature lower than the | owest eutectic point of the conpositions
thereof, set a subFPnhtfohtiédpdr attarte . foor titrrdudato Womt rabevatiohf for

the latter to provigdge3Q, subl i-oatio t_10 sublinmate the solid-state
cl eaning solution in the mo?kp?g%é gsgﬁgiﬁéﬁ%F?gjf“”éﬁﬂvﬁ§%“¥%énhE%? egress
unit 80 to condenselé¢hrigaseesselcb2aniay t9ad whinen tproduesd Lny4bHgusourse

of sublimation ir%égég _solid-state cleaning solution 25 again, so that
the internal pressure of "the cleaning vessel 521 is kept bel ow the
saturated vapor pressure at the sublinmation tenperature. Please refer to
Fig. 8 that is a conceptual diagram 30 show ng the serial nulti-vesse

cl eani ng and vaculft¥Ats Ndrenbert20o®tayi mgidppaf ates dbwehe gHesent

Ml 1 vessel ol eani Rg and VBesUn APyl o appar SoUES B SHed ST s 8
lower than the lowest eutectic point of the
compositions thereof, actuate the heat egress unit

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

15
3.Whentheworkpiece90tobedriedreachesatemperature
lower than the lowest 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,
andusetheheategressunitBOtocondensethegaseous
cleaning solutioﬁ produced in the course of
sublimation into the solid-state cleaning solution
25 again, so thatrthe internal pressure of the cleaning
vessel521iskeptbelowthesaturatedvaporpressure

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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Wherei n, | owdissolved-air cleaning solution and the 5 drain-
process are used to produce vacuumin every cleaning vessel ,hcaNnaé\?e‘iHHE?'zoos
pre-freezing and condensing sublimted vapors are alternately inplenented
to control tenperatures for drying a workpiece 90. As shown in Fig. 8,

t hree cl eaning vessels 521A, 5218, 10 and 521C are serially connected via
vacuum valves A, B, C and D, and provided with heat control units 60A,

@G0B, and 60C, respectively, and heat egress units 80. The first cleaning
vessel 521A is used to pre-freeze the cleanedworkpiece 90 to be dried, the
second cl eani ng dk% iwesspbabatB s of et tos Pet foradthe vasyund feegg4dr yi ng,
and the third clﬁefani n(f;, vessel 521C is used to output the dried _vvorﬁpi ece
90. The met hod pRFF EPAIMAG St he® Gk Burh T99% eddky g oW t khe20s¢heaker i al

mul ti-vessel cl eanitigaukyacHuBLAL KNG, L, APPALALYS 49f,;Lhe present invention
includes the follow ng steps: 1. & ggmrihe wor Igi 8% 1%'(9 t%%aer‘—’ﬂ?'f%d in the
first 25 cl eanhgneddsell B2HN s setvedeal hecheaticont 6 Dhtuaht an&0d ainder

normal pressyre o.pre-free the workpiece 90 to be dried, and use
| ow t enper at ur edtr(%ﬁ f\tﬁw‘gﬁé&’i‘ Ve AT 7° Q'EaNSRG 581 REPEHCEER R 1n

dr ai n-t 0- vacuumepeasesbes 0i PHOMKIEE Y AGHIND 8- ERB 230 of 4 £t RANI g, Vessel
521A; 52 8-Novean$r 2006 2. Open the vacuum valve B for the workpi'ece 90
to be dried to EHPErTPHED a¥BBRI Fed2EBconbterrabthy Viesskémespd®, tand shut

the vacuum val veoBtt@ 1P/ dRdH8res 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 60A,

60B, and 60C, respectively,-and heat egress units 80,

The first cleaning vessel 5212 is used to pre-freeze
thecleanedworkpieceQOix)bedried,thesecondcleaning

15 vessel521Bj15used1x>perfonnthevacuumfreezedrying,

and the third cleaning vessel 521C is 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 includes the

following steps:

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

25 cleaningvesselSZlA,actuabatheheatcontrolunit
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 clééning-vessel 521A;
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5 vacuum freeze drying in the second cl eaning vessel 521B; agq,3. en
wor kpi ece 90 is fully dried, open the vacuum valve C to transf QV%$£eB?b€§

wor kpi ece 90 to the 10 third vacuum zed cl eani ng vessel 521C, shut the
vacuum val ve C, output the dried workpiece 90 after the third cleaning
vessel 521C is returned to the normal internal pressure, and use the

| ow- di ssol ved-air cleaning solution and the 15 drai n-to-vacuum process to
produce vacuumin the third cleaning vessel 521C. Please refer to Fig. 9
that is a conceptual diagram show ng the nethod of producing a nmedi um

vacuum vessel 20 on a part of the cleaning and vacuum dryi ng apparatus of
the present inventi in, . lowdissql ved-ajr cleaning solution and

t he drain-to-vacuué&%?ﬁgggiqg¥%nn%ﬁbqﬁ?%% ¥ rp?bﬁu@%rbaéﬁﬁﬁlPﬁ taobel eani ng
vessel s, and the phyisidab dreadtites aiukD b4 RE RRIdL S 9f ; A§NEL Al 25
liquids |ower with rq_uced ressure, that liquid saturated vapor pressure
reduces with | over&d 5% ARk, thAdve At We lyac Buhov essdlcsrmoftieh f f er ent

wor ki ng t enper at ur e ol ¢ Rave a-phessyLe fLfierential _ between their
saturat ed vapor pressures are enplgye 30 to 5?dPd%égfﬁg”ﬁﬁﬂﬂﬁﬁFV§cuum
vessel . 53 8 NovenB@lB20@&d As shown in Fig. 9, one of the two vacuunized
cl eani ng vessel is a vacuum vessel 25 that can be detached from an
upper-vessel pipe 12 and a | ower-vessel pipe 32 5 connected thereto to
form an i ndepensenwWheacthn@kitlece 90 is fully dried, open the vacuum

valve C- to transfer the dried workpiece 90 to the
10 third vacuumized cleaning vessel 521C, shut the
vacuum valve C, cutput the dried workpiece 90 after
the third cleaning vesse“l 521C is returned to the
nermal internal pressure, and use the
low-dissolved-air cleaning solution and the
15 drain-to-vacuum process to produce va-cuﬁm in the

third cleaning.vessel 521cC.

Please refer to Fig. 9 that is a conceptual diagram
showling 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 that boilingpoints of general
25 1liquids lower with reduced pressure, that liquid
saturated vapor pressure reduces with lowered

temperature, and that two vacuum vessels of different

working temperatures would havea Pressuredifferential
between their saturated vapor Pressures are employed

30  to produce the medium vacuum vessel.

53



25. The vacuum vessel 25 is externally provided with heat cogtraol unit
to provide a desired tenperature depending on a degree of vagm%gﬁreéogg
produced in the vacuum vessel 25. The vacuum vessel 25 is connected 10 to
anot her cl eaning 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 cleaning solution, and the vacuunvessel 25 has a
wor ki ng tenperature higher than that of the cleaning vessel 21. The nethod
of producing thg i ssel. Wit 0 the cleaning and vacuum

dryi ng appar at ussgfgg%)ﬁg] %???egnq \@’i %&gn%oﬁh?ﬁ% Ouéf@é:”t%zf%:?lc&ﬁaﬁ’g”& eps: 1.
Set the drain-tvesgeduisapparalus ofs ddie 2FACHHED c¥8I5€ld 25 @l the, ¢! eani ng
vessel 21 to itg initial 25 state by using the |owdissolved-air cleaning
sol ution and the dr&Fn-t o SFRTunP bPocéss 206 fr dditer-Vasaai PAPEhSE2 wo
vessels; 2. Usecthacheal epateeb tifeS mBnt; ! e. qleaning. 30
solution left in_the vacuum vessel 25 and tlgjﬂi/urt ae%ﬁté%% \Veersrﬁ%rl 2006
heat vapors profiticed’ ' ¥3ROYBCRIT v Kol 26xtterday 1w apondded Reenht he
tenperature dif : cl eani ng. yessel 21 and the vacuum vessel
25 results in %séggﬁ]?%di eér%%toi lé?,pﬁ%‘gl%%ﬁosﬁféﬁe%t‘@’age?"étEé@sed to
di ffuse from t hdepasdingvesseld&dréovel drddifun AABRSBLERIFE 82 apd the
heat egress

vacuum vessel 25. The vacuum vessel 25 is connected
10 to another cleaning vessel 21 via a condensate pipe
82. Aheat egressunit 80 is provided on the condensate
pire B2 atapredetermined poéition nearamiddle section
thereof for condensing vapors into liquid. The heat
control units 60 have a working tempefature on the
15 gas-liquidequilibrium curve of the cleaning solution,
and the vacuumvessel 25 hasa working 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—vac_uum apparatus of the wvacuum
vessel 25 and the cleaning vessel 21 to its initial

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

vacuum in the two vessels;

2. Usetheheat controlunits 60 tovaporize the cleaning

30 solution left in the vacuum vessel 25 and to further
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unit 80 and be condensed into the clean and |owtenperature ani
solution that flows into the cleaning vessel 21 and is recov |J\§ rﬁﬁ%r%%os

3. When the internal pressure of the vacuum vessel 25 does not rise any

| onger, detach the vacuum vessel 25 fromits drain-to-vacuum apparatus and
the condensate pipe 82, and allow the vacuum vessel 25 15 to cool, so that
a nedi um vacuumis produced in the vacuum vessel 25. Please refer to Fig.

10 that is a conceptual diagram show ng the present invention is enployed
to perform 20 dry ndtvvet cleansc¥1\n mul tjple types of cleaning solutions
A, B, and C. Wen a workprece irn 1HEL é&nFHS Vi‘/‘é‘é%@lv%i%%lb'@ &ondikruousl y
treated with nore thapopse gy@@e%h&|%é&§@i‘gtapﬁfe?8££8§90 din upper

vessel and | ower vessel are provided in the apparatus each 25° pe of

cl eani ng sol ution. 2R hclLBpBirgeyssisedt Gtlesand Specwialcmumypeesﬁerl Eﬁnl ng

solution that is supplieds 19 4 ‘?:ecés‘?.ﬁﬂ:_} er&%eflfessel ’d? inq{ nq to the%cgggzgts

cleaning procedures to clean t
is enpl oyed o prodirce l\ﬁa@aunmesnt|ond11ﬁéueleeaﬁbmgth(@s“sﬁbuuﬁh@e%éﬂniilg

solutions are 55 Nove r 2006, caused to flowinto their respective

correspondi ng | owei3C VeI S D PEH T2TE IRERR i herhd e thrsit amspert i ve

correspondi ng recoveljt cent aéﬂersla&a‘é'o%el?@é@' it egpal essure In the
enbodi nent shown in Fig. 10, 5 there are three upper vesse s° d7118
and 711C low-temperature cleaning solution that flOWS 1nto

the cleaning vessel 21 and is recovered; and

10
3. When the internal pressure of the vacuum vassel 25
does not rise any longer: detach the vacuum vessel
25 from its drain-to-vacuun apparatus and the
condensate pipe 82, and allow the vacuum vessel 25
15 to cool, so that a medium vacuum is pProduced in the

vacuum vessel 25,

Please refer to Fig. 10 that is a conceptual diagram
showing the present invention is employed to perform

20 dry and wet cleans with miltiple 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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connected to an upper-flow control unit 723 of a cleaning ve |, 721 V]
correspondi ng upper-vessel pipes 712, and three | ower vessel§§§§fﬂpggﬁg§96
and 731C connected to a |lower-flow control unit 724 of the cleaning vessel
10 721 via correspondi ng | ower-vessel pipes 732A, 732B, and 732C. The
upper-flow control unit 723 of the cleaning vessel 721 is provided with an
i ntake valve for the cleaning vessel 721 to return to normal pressure.

The lower-flow control unit 724 of the cleaning vessel 15 721 is provided

with a pluralityQfsV 0 C nicate the cleaning vessel 721 with a
plurality of recc?vesreyﬂéégﬁtogqilnnegg S1B TP € hS PR EREPREC Iingt ke wat

pressure, so tivatssdilfS erreiie Wjipes 0fy WRAMLY SO ILQNS,. are, rgtg{)‘yered and
stored in their respective recovery 20 containers. The appa atus- of Fig.
10 may be consi FEFEFSROE L bnbF APV BAYOf Conterale rdr ahmwiory aaittRal

apparatus. Aftentdatnd 18hedt shhe spegifi ayi;ty of each type of 25
cl eani ng sol ution and thg vol une “of e£§h§ %%Sﬁlgéﬁgé?h°V§fﬁggvgiéﬁ!731c are
obt ai ned, eath t}p&eofanchetkteaniingersolassains Tarmm pey seb, tQnd s ti al

state through t eps .as tho for setting the drain-to-vacuum
apparat us to itgglnﬁlzt%%dsés? at' & PR 56 87 Rovdindranbbd2 3fes watetrod nof

setting the appeeates v21F/ga d0rtespbhdiiny hk)glersg,%tsgeilng-%%ess - he
following steps: 1. Use the drain-to-vacuum process to pr dice vaédum 5 in
the cl eani ng ve388|tiEAe dstriliveg sed sadBdal, heels and 731C connected

to a lower-flow control unit 724 6f the ¢leaning vessel
10 721 via corresponding lower-vessel pipes 732A, 732B,
and 732C,. The upper-flow control unit 723 of the
cleaning vessel 721 is provided with an intake valve
forthecleaningvessel721toreturntonormélpressure.
The lower-flow control unit 724 of the cleaning vessel
15 721isprovidedwithapluralityofvalvestocommunicate
the cleaning vessel 721 with a plurality of recovery
containersA113,andﬁihavingnormalinternalpressure,
so that different types of cleaning solutions are
recovered and stored in their respective recovery

20 contaliners.

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,731Careobtained,eachtymaofthecleaning
solutions can be set to its initial state through the
same steps as those for setting the drain—to—vacuum
apparatus to its initial state.

30
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and procedures in performng the cleaning operation, and all
cleaning solutions A, b, Cto flow from the vacuum zed cl eanlg\r%é‘& s'g%ﬁ' z%q

into the | ower vessels 731A, 731B, 731C, respectively; and 10 2. Use

drawi ng punps to draw surplus cleaning solutions fromthe |ower vessels
731A, 731B, 731C into their respective correspondi ng normal -pressure rear
treatnent vessels A, B, C so that pressures at liquid 15 surfaces of the

| ower vessels 731A, 7318, 731C return to the pressure values initially set

for them Methogds, ePﬁJS%OéPj ng%Qt her%lg%er ations on the apparatus of Fig.

10 are the same as those having been® dedl i 21 id- did fter drits

paragraphs. Pl easeitederstatki gnclidbBatnks f31900G8R! Ualegli agram showi ng
the present invention includes nultiple working vessels that are connected
to a common upper.vessel 25 and a common | ower vessel. The enbodi nent shown
in Fig. 11 includesan vessel. t cleanin essel s 621A,
621B, 621C. and & | over yoetal 531 ‘?%é&“é e %lgﬁﬁssvg%’s%?%gBﬁfA}’aéﬁm 621C
may have di f Perent ivokhresl ednbnyorrss smbtRaracdbeduppero wessall fdlgand the
| ower 30 vesseI.GBkﬂ%gg égggected.to each of the cleaning vessels 57 8
Novenber 2006 621A" 6218 6218 H' R2hARAB! "OHEte Gl FERd nOepr Fotork as
three independent dnai 8116wWaEsWDARRAHALYS ut 1R ARPY akus, ¢f Fj gro‘ll can
be set to an initial state 5 through the follow ng prlocedures: 1. ot ai n
dat a about the spedf ¥3agranisediclerinypeessel 721 into the lower

vessels 7314, 731B, 731cC, respectively; and

10
2. Use drawing pumps to draw surplus cleaning solutions
from the lower vessels 731a, 731B, 731C into their
'respective corresponding normal-pressure rear
treatment vesselsA, B, C, so thatpressureé atliquid
15 surfaces of the lower vessels 731A, 731B, 731C return

to the pressure wvalues initially set for them.

Methods of performing other operations on the appara-tus '
of Fig. 10 are the same as those having been described

20 above in different paragraphs.

Please refer to Fig. 11 that is a conceptual diagram
showing the preéent inventionincludesmultiple worki ng
vessels that are connected to a common upper vessel
25 anda common lower vessel. The embodiment shown in Fig.
11 includes an upper vessel 611, three cleaning vessels
621A, 621B, 621C, and a lower vessel 631. The cleaning
vessels 621A, 621B, 621C may have different wvolumes
from one another. The upper vessel 611 and the lovwer

30  vessel 631 are connected to each of the cleaning vessels
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of the cleaning solutions, the volunme of each of the cleanin
621A, 621B, 621C, and the volune 10 of the |ower vessel 631; gg%gﬁﬁﬁbarZOOG

relative height difference to be existed between the biggest cleaning
vessel and the lower |evel; calculate the pressure at the liquid surface
in the | ower vessel 631; and use the obtained pressure at the liquid
surface in 15 the | ower vessel 631 to calculate relative heights between
the lower |evel and another two cleaning vessels; 2. Supply the cleaning

solution to the r el..631. 20 by setting the punp valve 654 to ON,
t he exhaust vaIé%ﬂﬁ§3§¥ﬁ%ioﬁ?q§hdntﬁemgﬂﬁEF-EB§§e?l%aW§etbgB o Nk
starting the dr&wlﬁhﬂaﬁnldﬁéﬁéﬂaéﬂﬁw&ﬁiﬁhﬁ%SEWEéﬁhmSQ%HQLQQULron1the rear

treatmentvessel into the |Iower vessel 631 until a predetermnéd |iquid
| evel is 25 reached in the |ower vessel 631, and then setting the exhaust

val ve 635 to OFkp3.ppuRBLY: st B £ eani;ng_sol utign to the upper vessel 611
by setting all upS%??gesselsva véng?é g%“@&ﬁisﬁﬁltPfﬁﬁ * Pﬁ%Liﬂﬁﬁ%% vessel
111 wi th t hedcl éhmiomghs dihet ifen,l canichg 8- dMNnverder 2006 keeping the supply
of the cleaning solution to maintain a liquid surface in the upper vessel

ill at a predetermined height; 5 4. Regulate the pressure at the liquid

surface 634 in 1thmdpwerdaiessebud3inbyssetibng &L | pyers vessel,  val ves
633 to OFF, and starting the draw ng pu%% 653 t%£d¥a t ee%?§55¥ﬁ6
sol ution fromthe 9dfolde 9éeapfing solutions, the volume of each of the

cleaning vessels 6214, 621B, 621C, and the volume
10 of the lower vessel 631; set the relative height
differencetobeexistedbetweenthebiggestcleaning
vessel and the lower level; calculate the preséure
at the liquid surface in the lower vessel €31 ; and
use the obtained pressure at the liquid surface in
15 the lower vessel 631 to calculate relative heights
between the lower level and another two cleaning

vessels;

2. Supply the cleaning solution to the lower vessel 631

20 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 puﬁp 653 to draw the cleaning
solutionfromtherear treatment vessel into the lower
vessel 631 until a predetermined liquid level is

25 reached in the lower vessel 631, and then setting

the exhaust valve 635 to OFF;

3. Supply the cleaning solution to the upper vessel 611
bysettingallupper-vesselvalves613toOFF,filling

30 the upper*vessel 111 with the cleaning solution, and
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631 into the rear treatnent vessel having normal 10 internal gﬁssurs.#{;ﬁs
pressure at the liquid surface 634 in the | ower vessel 631 d QvRipRe

the lowered liquid surface 634. When the pressure at the liquid surface
634 in the | ower vessel 631 reaches the preset pressure, set the draw ng
punp 15 653 to OFF and the punp valve 654 to OFF, and 5. Actuate the

el evating nechanisns to adjust the relative height difference between the
| ower | evel and each cleaning vessel 621A, 621B, 621C. 20 Dependi ng on

actual needs and cheo%edure% in the.l operation to be perfornmed, use the
Wag’%uﬁ‘fl?

drai n-to-vacuum process t 5 pr sdike T EAERTEEanF AU tEeReltc621A,

621B and 621C. Af tnei rithes icleani q\gi N essekscar en2bnuagpum,zed, ;Lhe ;gl.eani ng
solution flows fromthe three vacuun zed cl eaning vessels intdo the | ower

vessel 631. Use tife 3dPEfdRf i b eiohkieaw surplus cleaning sol ution
fromthe | ower vessel 631 into the rear treatnment vessel on a tinme-sharing

basis, so that the 30 pressure at the liquid surface 634 in the | ower
vessel 59 & NoYeRiegul2086 the3prieetsurms atto thiee liBhtiicalshiy reele BBASSUre. I n

brief, the pr esentthien\ieor‘}} iron %)r ovj d§§ a _cleaning and vacuum drying
appar at us i ncl udi ig on€"6r NoTE Set 821508 s@tdiima aihacleveapparsaels,

oneor nor evacuunvessekesceeatis oy t BﬁddéééﬂtEQFV@?é'!HPaﬂﬁgfdegﬁﬁ?ﬁ » g9R€ or

more heat control units for vaporizing or sublimting g Sol ution,
one or nore heat é@rggngﬁnqsgﬁqﬁnlng solution from the lower vessel

631 into the rear treatment vessel having normal
10 internal pressure. The pressure at the liguid
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

i5 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 6214, 621B, 62icC.

20 |

Depeﬁding' cn actual needs and procedures in the.

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

processtofmoducevacumnineachcleaningvessel621A,
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 in the lower vessel
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condensi ng vapors, and other auxiliary neans, such as 10 a pl
connection pipes. By using the |owdissolved-air cleaning soﬂ@ﬁwﬁﬁxQﬁHZQ%%

dr ai n-t o- vacuum process on the drain-to-vacuum apparatus, each cleaning
vessel included in the apparatus could becone a vacuum zed cl eani ng vessel

15 having very low air pressure and vapor pressure from the cleaning
solution in its volune that is not filled wth the cleaning solution. The
present invention also uses the physical features that boiling points of

general 11qui ds dsanalo gl regducrd pLessuie, LRl LLguld 20 saturated vapor
pressure reduces with | owered tenperature, tﬁa? FWb“vacuum vessel s of

different working tenperatures would have a pressure differential between
their saturated rvapar. es ures, so that the enclosed cl eaning vessel that
has conpl eted dfy &F ' | REASBREr PHeBSEPR B ogicest |2y aiswsthitroy per f or m

vacuum heat dr yn@gyva¥aGruat{§ 8878154 ¥h B8s chfﬁJ%ﬁgQﬂE!éEH?@é Jhus,
different operations, including wet clean, dry clean, vacuunlﬁeéi drylng

and vacuum {1 ee2& qﬁ%ﬁ?mﬁo E%GPHm@@Hﬁﬂﬁﬁwmednennmurqwaceemvaﬁubﬂgm
| ow- pressure 30.gas [ e nd the cl ani ng solution 60 8
c t%%iegy ‘E]]I'xéhfrzg:[l)( Eo 9‘ ﬁ ?%araﬁ}sr DA RE T3S t he

Novenber 2006 and waste’sol ution can be recove
present |nvent|bﬁahasc®QEnoldestwtmedrmnthaﬁ@ﬂezeﬂgoqhneahglgﬂg&ggj and

many changes gnd nDdlflﬁatlonS in the described enbodi ments can be
carried out witfioGE dBFafOrHd I omAN e oI 5i9& Cak@atthegregisy inidh floe

invention that &sniBhendedvhgohe | LAt Efher auxiliary means, such as
10 a plurality of connection pipes. By using the
low-digsolved-air cleaning solution 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 havihg very low air pressure and vapor pressure from
the cleaning solution in its volume that is not filled
with the cleaning solution. Thepresent inventionalso
uses the physical features that boiling peoints of
generalliquidslowerwithreducedpressure,thatliquid
20 saturated wvapor pressure reduces with lowered
temperature, and that two vacuum vessels of different
working temperatures wouldhave a pressuredifferential
between their saturated vapor pressures, so that the
enclosed cleaning vessel that has completed‘drycn:wet.
25 clean therein could be directly used to perform vacuum
heatdrylng,vacuumfreezedrylng,orotheroperatlons
Thus, different operations, including wet clean, dry
clean, vacuum heat drying, and vacuum freeze drying,
could be performed in one process, and the low-pressure

30 gas used in the dry clean and the c¢leaning solution
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only by the appended clains. 10 The nethod and apparatus of t resent
invention for performng nmultiple cleaning and vacuum dryi nggﬁ%‘g‘(ﬁ'ﬂs‘?%@ﬁ
in enclosed vessels has the followi ng advantages as conpared with other
nmet hods and apparatus known in the prior art: 15 1. The present invention
uses a general drawing punp to reduce internal pressure of the seal ed

| oner vessel to increase the degree of vacuumin the cleaning vessel

i nstead of using a vacuum system This 20 enabl es effective reduction of
costs for the ng%go%as%nd t e appar at u of . the present invention. 2. The
present invention us€s th& araittt S aUMEHETeRS- 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 unff ah¥l Festersfresd tsi tpresehtecinvehyioar riyagutbade

produci ng and pecaveLLRg, of Issol.ved-air, cl eani ng. solution, 30 the
vacuum heat drying, the va%u%qg ?gggjeo dl\rérgeﬂ}]% Ehgfeg@l\alorg%arﬁ%EYWest he
recovery of % heastesmilhfisakibneniusee ide it i lsdd@ amdh hdet wast,e peol uti on

t hereof, and the gr.oguci ng. of ms%i um vacuyum vessel to recover
| ow pressure gaS2tiEagi RUar YrEPET f6PALhEAYe frome i STRRR 2pcottdstion. 3.

After using thesgfaiB-40-MACUWRRIACRSSHL® PEOMYEEnq¥ACUIDd 11 HB] & eani ng

vessel, the present invention
only by the appended claims.

16 The method and apparatus of the present invention for
performing multiple cleaning and vacuum drying
operations in enclosed. wvessels 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 thesealed lower vessel -
to increase the degree of vacuum in the cleaning
vessel instead of using arvacuum system. This

20 enables effective reduction of costs for the method

and the apparatus of the present invention.

2. The present invention 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 sclution,

30 the vacuum heat drying, the vacuum freeze drying,
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utilizes the physical feature that boilin oints 10 of generg|
| ower with regu%:/ed pressure, so that Iowgtgrrperature heat eng 'E;? %‘pb%gpgﬁ
heat may be introduced in perform ng the vacuum heat drying, recovering
the cl eaning solution and waste solution, and producing nmedi um vacuum
vessel to achieve energy 15 saving. 4. The present invention inplenents
the drain-to-vacuum process to produce vacuumin the cleaning vessel for
the sane to formvacuum zed 20 cl eani ng vessel containing very |ow internal
air pressure and vapor pressure fromthe cleaning solution, and uses the
heat control unit tg‘el FECHSTY Ao fastine srekiutsoureeedoivapeti ze t he

cleaning solutioncardOthes ldui g§sgg tgglly@fgﬁlm d cléaanl nglr 25 vessel
and then uses the heat egress unit and the princip e 0 &%
differential to coﬁe‘@n@@m ofapoedzed cireaﬂumg ﬁ@&syénont@r B Fevapors

into liquid that i g, enJgsovered and stored in the vacuum vessel, so
that operations of vac GRear df9Fnd'Sd FBcoVe¥i Fd S@eahPng &biqie on and

wast e sol uti®on, andnvi2oBmNatepkere2336n produci ng medi um vacuum vessel can
be perforned at effectively reduced manufacturing and equi pnent costs. 5
5. The present invention uses the | ow dissol ved-ai r cl eani ng sol ution and

the drai n-to-vagUUAFREQCES ng! thOLALMGE VACHUTLLA 116 E) eani ng. vessel for

the same to
vacuumijxthecleaningvessel,thepresentinvention

utilizes the physical feature that beoiling points
10 of general liquids lower with reduced.préssure, S0
that low-temperature heat energy or-waste heat may
be introducedjllperformihg'the‘vacuunlheat:drying,
recoveringthecleaningsolutionandwastesolution,
andproducingmediumvacuumvesseltoachieveenergy

15 saving.

4. The present invention implements the
drain—ﬁo~vacuum Process to produce vacuum in the
c¢leaning vessel for the same to form vacuumized

20 cleaning vessel containing very low internal air
pressure and vapor pressure from the cleaning
solution,andusestheheatcontrolunittointroduce
lowtemperatureheatsourcetovaporizethecﬂeaning
solutionandotherliquidsinthevacuumizedcleaning

25 vessel, and then uses the heat egress unit'and the
principle of pressure differential to condense tﬁe
vaporized cleaning solution or other vapors into
liquid thatis then recoveredandstored in the vacuum
vessel, so that operations of vacuum heat drying,

30 recoveringcleaningsolutionandwastesolution,and_
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vacuum zed cl eani ng vessel having only vapor pressure fromt cleaﬁén
sol ution, and uses the 10 heat control unit to control the t ﬁ%ﬁ“ﬁ? %ﬁbﬂs

t he workpiece to be dried and the heat egress unit to control the internal
pressure of the vacuum zed cleaning vessel, so that the vacuum freeze
drying can be effectively perforned at reduced 15 nmanufacturing and

equi pnent costs. 63 8 Novenber 2006 What is clainmed is: 1. A nethod for
perform ng nmultiple cleaning and vacuum drying operations in enclosed
vessel s, conprisin 5 the steps of: providing a cleaning and vacuum dryi ng
apparatus or a seFrAYHAATY MASEIE VAR ¥ sked ¢acubm Bleyfagnedpptr at us
that includes at | es$tene drai PalifeXacWwin LA QPR AL Us, 2l d.east_ope
vacuum vessel produced from said at |east drain-to- acuun1é%p ratus, at

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

cl eaning solution, at |east one heat egress unit for condensing vapors of
said cleaning solution, 15 and a plurality of connection pipes; using a

| ow- di ssol vedl- abr. theapiregesal Ulrivh @ih ausdiaiRat Go¥AGYWHARRLESS ,0n sai d
at | east one drainito-vacuun1apparatus for said cleaning vessel 20 to
becone a vacuuni zef'EPBARINGOIELdOm eRak thendaris - teevpduow ipatcerarad  ai r

pressure and vapor BIASSI & vEASh dd ERBLAGNSAHLLON £ &, BALL, Of
vol une of said cleaning vessel that is not fi &d” Wi said
toformavacuumizedcleaningvesselhavingonlyvapor
pressure from the cleaning soclution, 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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cl eaning solution, so that influence of air pressure 25 on Sahngﬁfrstigﬁﬁb
bei ng perfornmed on said cleaning and vacuum dryi ng apparatus”i OYRMPHL "
and 64 0 8 Novenber 2006 wusing said at |east one heat control unit and
-said at | east one heat egress unit to directly perform operations of
vacuum heat drying and vacuum freeze 5 drying when said encl osed cl eaning
vessel have conpl eted operations of dry clean and wet clean therein; and
produci ng .medi um vacuum vessel ,. recovering | ow pressure gas used in said
dry clean, and recovering said cleaning solution and waste 10 sol uti on.
2. The method as clainmed in claim11, wherein each of said at |east one
drai n-to-vacuum apparatus includes a cleaning vessel, a | ower vesse

| ocat ed bel owWdsitd 15 cledmiad) Messel with a height difference existing

bet ween them and a val ve-equi pped |ink pipe extended between said

cl eaning vessel and said | ower vessel to communicate themw th one

anot her; and both said cleaning vessel and said | ower vessel being

encl osed 20 vésskimetthad foanpke feaah bl il P edetlasimh Ned JBPRIRcuusal d

cl eani ng vessel being provided auxiliary neans, dependi ng on actual needs;
25 sai d | owner ve@sgﬁngawpq;&timgsvbhueﬁcam&aﬂIvﬁggb1§;05§mF@y§ﬁHgarea at
| iquid surface and being 65 0 8 Novenber 2006 partially filled wwth said

cl eani ng sbl uti ophreantieps of:

providing a cleaning énd'vacuunldrying apparatus or

" a serial multi-vessel cleaning and vacuum drying
~apparatus that includes at least one drain-to-vacuum

10 - 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
unitforcondensingvaporsofsaidcleaningsolution,

15 and a plurality of connection pipes; -

using a low-dissolved-air cleaning solution and a
drain-to-vacuum process on said at leést one
drain—to-vacuum.apparatus'for said cleaning'vessel-
20 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
cleaning solutio_q, so that influence of air pressure
25 on said operations being‘performéd.on said cleaning

and vacuum drying apparatus is minimized; and
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said | ower vessel having internal pressure that is set according to sa
hei ght difference betmegn sai d clganing vessel and said |omeg'v3§§EP?fZ€°6
specific 5 gravity of said cleaning solution, a volunme of said cleaning
vessel , and the volunme of said |ower vessel, and is |ower than a norma
pressure to enable full draining of said cleaning solution fromsaid
cleaning vessel into said |lower vessel; and 10 said | ower vessel being
provided with a drawing punp for drawi ng said cleaning solution fromsaid
| ower vessel into a recovery container having normal internal pressure or
a rear treatnent vessel, and 15 drawi ng said cleaning solution fromsaid
recovery container or said rear treatnment vessel to said | ower vessel and
t hereby regul ati ng hei ght” of and pressure at the liquid surface in said
| ower vessel. 20 3., The nethod as clainmed in claim1l1l, wherein said cleaning
vessel of a firstWed ofaddi tal epSisergndealr diontvoVaenim appasatids i s
- connected to and comunicated with said cleaning vessel of a second one
of said at |east &ne RIFnORE- VEAFURHPPEF auns t25ovidd e dti ¥ wt perpermand
said at |east one _heat _egress_unit being provided on said first pipe at a
66 0 8 Novenber B8 21t BHE BEnVASH S Sied o IBING AR 15t pgumapoee zef  sai d
cl eani ng s%gutio into liquid; said cleaning, vessels of said at | east one
5 drai n-t o-vacuumiappad atUhefig TofRELCEET ocdgpging vessel have

completed operations of dry clean and wet clean
therein; and producing wmedium vacuum vessel,
recovering low-pressure gas used in said dry clean,
and recovering said cleaning solution and waste

10 .-solution..

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

20 vessels that canbe sealed in a predetermined manner;

sald ¢leaning vessel being provided auxiliary means

depending on actual needs;

25 said lower vessel having a big volume and a large

cross-section area at liguid surface and being
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at | east one vacuum vessel produced by said drain-to-vacuum ar at us
second pi pes, and said at |east one heat egress unit also beg%‘f%ﬁﬁ?'é#@]
sai d second pipes at predeterm ned positions for 10 condensi ng vapors of
said cleaning solution into liquid; said at | east one heat egress unit

al so being nmounted in said cleaning vessels of said at |east one 15

drai n-to-vacuum apparatus for condensing said cleaning solution in gaseous
state in said cleaning vessels into liquid or solid state; and said at

| east one ‘heat control unit being nounted 20 in said cleaning vessels of
said at | east one drain-to-vacuum apparatus for vaporizing said cleaning
solution in liquid state in_said cleaning vessels or sublimating said

cl eani ng sol uti o®d4Fidbivafddded ivithi gaifeaneng inagssedbut 26n4. afide

met hod as clainmed in claimi1, wherein said 67 8 Novenber 2006

dr ai n-t o- vacuum FrochkdLYHE| RS ethbayiass igfttexnabapreaguesi dhat fisast one
drain-to-vacuun1-aQParatus toan initial state thereof or to a 5 fina
state of any oneS&F 85F@% bR tiDREL phe Fohti it §arensichaitwgoresadl with
sai d cl eaning so&ution and theﬂ sealing, said cleaning vessel; 10 c.
Produci ng vacuum T EE L cV 85ty AL AL By L 8peHi N§Se8ld val sreehfdgi d |ink

pipe and a%m' ttl %%anrs:iai‘if«;I océ %%nic?%lsgégiggnsé?uggg%,Claeggilﬂ%evg?jsggid
| cleaning vessel, and the volume of said lower vessel,

and is lower thaﬁ a normal pressure to enable full
drainingofSaidcleaningsolutionfromsaidcleanigg

vessel into said lower vessel; and

10
said lower vessel being provided with a drawing pump
for drawing said cleaning solution from said lower
vessel into a recovery container having normal
internal pressure or a rear treatment vesgsel, and
- 15 :drawing said cleaning solution from said recovery

container or said rear treatment vessel to said lower
vessel and theréby regulat ing height of and pressure

at the liquid surface in said lower vessel.

20 3.Themethodasclaimedinclaiml,whereinsaidcleaning
vessel of a first one of said at 1least one
drain-to-vacuum apparatus is connected to and
communicated with said cleaning vessel of a second

one of said at least one drain-to-vacuum apparatus

25 via a first pipe, and said at least one heat egress

unit being provided on said first pipe at a
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into said | ower vessel that is in a sealed state; wherein a H'é&% of gid
cleaning solution in 15 a still state is the height of cleani 3& nber,#006
of the same specific gravity that could be nmaintained under |iquid surface
pressure in said sealed |ower vessel; 20 d. Draining extra anmount of said
cl eaning solution out of said sealed | ower vessel and reducing said

liquid surf ace pressure therein by shutting said valve on said |link pipe,
starting said drawing punp to draw said cleaning solution fromsaid 25

| ower vessel into said recovery container or said rear treatnent vesse
until said liquid surface 68 a 8 Novenber 2006 pressure in said |ower
vessel reaches a preset pressure, and then shutting said draw ng punp and
seal i ng sai d | oW afrmigad ol tRemufarmpndestepg(pountidf shddsti |l |
hei ght of the cleaning solution reaches an actually required height. 5.
The nethod as cl &HfEd 10 cPailmt4 omhbrepnliguddimitial 10 state of said
drai n-to-vacuum apparatus is set through the steps of: a. Obtaining data
about the specific gravity of said cleaning solution, the volune of said
cl eaning 15 vessel,,. and the volune of said |ower vessel; setting said

hei ght di f f er enc&33& RBLRI cVEATNES veldSel saad satd |lwmstvessel ; and

calculatin% said qugiq:surface pressure in said
, draln-to-vacuum apparatus being connected to said

at least one vacuum vessel produced by said
drain-to-vacuumapparatusviasecoﬁdpipes,andsaid
at least one heat egress unit also being mounted on
said second pipes at predetermined positions for
10 condensing vapors of said cleaning solution into

ligquid;

said at least one heat egress unit also being mounted
in said cleaning vessels of said at least one
15 drain-to-vacuum apparatus for condensing said
cleaning sclution in gaseous state in-said,cleaning

vessels into liquid or solid state; and

said at least one heat control unit being mounted
20 in gaid cleaning vessels of said at least one
drain-to-vacuum apparatus for vaporizing said
cleaning solution in liquid state in said cleaning

vessels or sublimating said cleaning solution in

solid state in said cleaning vessels.
25

4. The method as claimed in c¢laim 1, wherein said
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| ower vessel; 20 b. Supplying said cleaning solution to said r vessel
by opening said valve on said |link pipe, starting said dramﬁh Q¥ Fipber,2006
draw said cleaning solution fromsaid recovery container or said 25 rear
treatnment vessel into said |ower vessel, that currently has a norma
internal pressure, 69 8 Novenber 2006 wuntil a predetermned |iquid |evel
is reached in said | ower vessel, and shutting said valve on said |ink pipe
to seal said lower vessel; S c. Regulating said liquid surface pressure in
said | ower vessel by starting said drawing punp to draw said cleaning
solution fromsaid sealed |ower vessel into said recovery container or
said rear treatnment vessel, and shutting said drawing 10 punp when said
1iqui d-surface peSsietPnvaIggn KPS Fondc lvskse| theashepss&fe preset
pressure; and d. Adjusting said height difference between said 15

cl eani ng-vessel and said | ower vessel. 6. The nethod as claimed in claiml1,
wherein said operation of wet clean and_said operation of vacuum heat
drying are |inked@hriftfghif8e Stéfs 8f: 262&SmpPr&E ngrsdity EpeYacyR of wet
cl ean, and then inplenentingﬁsaid draj n-t - yacuum prqQcess to produce

vacuum i n sai d cl eanidRPFERIERE, LoNET Nkt beRf oFkPhG %P ShePht £6n of

vacuun1hea% drylngll}fggivggg Q 6¥H%ny one of said operations;

b. Filling said cleaning vessel with said cleaning

solution and then sealing said cleaning vessel;

10 c¢. Producing vacuum in said cleaning vessel by
opening saidvalveonsaidlinkpipe and admitting
said cleaning sdlution in said cleaning vessel
_intosaidlowerveéselthatis:hlasealedstate;
Wherein a height of said cleaning solution in

_15 a still state is the height of cleaning solution
of ﬁhe same specific gravity that could be
maintained under ligquid surface pressure in said

sealed lower vessel;

20 d. Dfaining'extra amount of said cleaning solution
| outofsaidsealedlowerveéselandreducingsaid
liquid surface pressure therein by shutting said
valve on said-link pipe, starting said drawing

pump to draw said cleaning scolution from said

25 lower vessel into said recovery container or said

rear treatment vessel until said liquid surface
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cl eaning vessel. 25 7. The nethod as clained in claim1, mhergin said 70 8
Novenber 2006 operation of wet clean and said operation of v Neyamber 2006

drying are linked through the steps of: conpleting sai doperationof wet

cl ean, and then using said | owdissolved-air cleaning solution and said 5

- drain-to-vacuum process to produce vacuumin said cleaning vessel, and

then performng said operation of vacuumfreeze drying in the vacuum zed

cl eaning vessel. 10 8. The nmethod as clainmed in claim1, wherein said

serial nulti-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 15 a

wor kpi ece through saiRrespriralint §adfl doeani mpsaebsedsch@sé @ preset
pressure, and then shutting said drawing pump

and sealing said lower vessel; and

5 e. Returning to step (c) until the still height of
the cleaning solution reaches an actually

regquired height.

5. Themethod as claimed inclaim4, wherein said initial
10 state of said drain-to-vacuum apparatus is set

through the steps of:

- a. Obtaining data about the specificgravityof said
cleaning solution, the #olﬁme of said éleaning

15 vessel, and the volume of said lower vessel;
setting said height difference between said

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

lower vesgel;

20
b. Supplying said cleaﬁing éolution to said lower
vessel by opening said valve on said link pipe,
starting said drawing pump Eo draw said cleaning
gsolution from said recovery container or said
25 rear treatment vessel into said lower vessel,

that currently has a normal internal pressure,
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until a predetermined liguid level is reached
in said lower vessel, and shutting said valve

on said link pipe to seal said lower vessel;

¢. Regulating said liquid surface pressure in said
lower vessel by starting said drawing pump to
draw said cleaning solution from said sealed
.lowervesselintosaidrecoverycontainerorsaid
rear treatment vessel, and shutting said drawing
pump when said liguid surface pressure in said
sealed lower vessel reaches said preset pressure;

and

d. Adjusting said height difference between said

cleaning vessel and said lower vessel.

6. The method as claimed in claim 1, wherein said
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
implementing saiddrain-to-vacuumprocess toproduce
vacuum in said cleaning vessel, and then performing

saidoperationof vacuumheat drying in the vacuumized

cleaning vessel.

7.The method as claimed in claim 1, wherein said
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8 November 2006

operation of wet clean and said operation of vacuum
freeze drying are linked through the steps of:
completing saidoperationofwet clean, and thenusing
said low-dissolved-air cleaning solution and said
drain-to-vacuum process to produce vacuum in said
cleaning vessel, and then performing said operation
of vacuum freeze drying in the vacuumized cleaning

vegsel.

. The method as claimed in claim 1, 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 a plurality of cleaning

vessels.
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