19 JAN 205 SPECI FI CATION Title of the Invention: METHOD FOR USI NG H GH
DENSI TY COVWPRESSED LI QUEFI ED GASES | N CLEANI NG APPLI CATI ONS Techni ca
Field: This invention entitled "Method for using high density congrgNsiéil
| i quefied gases in cleaning applications” relates to a cleaning neans,
whi ch can achi eve high efficiency at |ow cost by using a series of

cl eaning steps as cleaning factors, such as physical energy, chem cal
force and solvation and provides a_new_.s §$e for the recycle and
recircul ation of cleaning sol vent s5F y expensive high pressure
generating equi pnments, such as conpressors, high pressure punps or others.
Background Art: Sem conductors and the |ike hereafter referred to as
objects to be cleaned are placed inside a pressurized cl eaning vessel in
whi ch sup@;gqé1dfcghefjﬂugﬁth§nfed for cleaning of the said objects to be

¢l eaned by Cgﬂ%@frgbﬁ% ik prﬁrc?rbtmmﬁ thuirtsand fll fslsol gtl on of ated
inmpurities a a uid is circul ated.
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When ellnlnatl
di ssolved fromthe pressurlzed cl eani ng vessel by a suitable neans, the
obj ects which were precisely cleaned are obtained. A troublesone process
for dryi nQettreiceldj Bcésdrequired in so-called wet cleaning nethods is
unnecessary sin th G ik I, S i C o [YARVEY FE5k a
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an

recovery the solvent Is separated from{he contanlnants by
nmechani srril§t1él8eé \‘Fcﬁil"tlﬁﬁnOfA§1§ﬁ6\hﬂ8| ALERR &5 oCleanbMeerdt hy S sth

plot of thaykid® JAMEZOP5 chledti 51 of ortdie apudr eo$U£)Bi@m&mcﬂmﬂ‘dvhﬁes a new
supercrltlcal state

e lLatest _te o n
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pressure %ggpressors, high pressure pumps or others.

“I

Background Art:

Semiconducteors and the like hereafter referred to as objects
to be cleaned are placed inside & pressurized cleaning vessel in
which supercritical fluid is fed for cleaning of the said objects to
be cleaned by contacting with supercritical fluid and dissoclution
of impurities adhered to the objects. The supercritical fluid is
circulated. When eliminating the supercritical fluid in which
these contaminatns dissolved from the pressurized cleaning vessel by
a suitable means, the objects which were precisely cleaned are
obtained. A troublesome proéess for drying the objects required in
so-called wet cleaning methods is unnecessary since the
supercritical fluid is completely vaporized by a decompressing
operation.

It is possible to reuse the supercritical fluid because such
supercritical fluids with the above-mentiored contaminants are
transferred from the cleaning vessel into a separation tank (or a
recovery tank) and then the solvent is separated from the
contaminants by mechanism stated whithin.

As shown in the Fig. 7 concerning a schematic plot of the
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tenperature at the near critical region is F> P. (crirical pressure) and T
> T, (critical tenperature). Characteristic 1. It is possible to eagilmyN 05
obtain a great change in density with a slight change of pressure. It is
al so possible to obtain a great difference of solubility because the
solubility of substance is in general, proportional to the density

thereof. Ch teristd o dhEcA i Ly gof @ SuRercritihcal jd ;& 0w
thgeﬁig{] Afé Gufe Eb@cgﬁ%{a% $d0f1 @ SURSLERkLE ?géﬁ, thag

viscosity a ffusivity ough i1t is'simlar to qui d. _
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The prici phe sHOMS,sthBatud idheibyred NG ilavoriG0sibyrofidike) supsd o figal
fluid can easily enter into narrow pores and crevices. On the contrary,
for the cAs&rofdeiightyikEokd t5taher £8f WhiRB £PUFA LAY Mg BITBT€iEYdf or

cont am nankg Bk Oft peet i@ edcF DL Ocal sHBSbhati@, respeti ajdy; pf@ani cs
subst ances. econdly,g %hg %bove- ment i oned cl eani ng operation is achieved
I | af

with the SUBETEF§ 28 d{TEHE R hi YRFPERBU WSt ami nat i ng subst ance, and

thle cb:pln_t am nant shapadde sdiivi ded betieeaipssabild addeds N bisdaAtes Recause
solubility

of the said. contam nants i akened. by decreasi the density
Thereof  KEGDEGI gl GENFHEY MITR AvandABh, STETFE Godtiasires r adovsr 2 Fiese
conmponent pobgidideconpbesyi an greeratidferenae sepaciuxdl 1 twedselusAf tke t he
cont am nant re. am.the_s i.on, e Lfi L1J cal
i d used ket R R S pr vl i kat e Hasdai M e Bl PR PRI e
resul ti ngtharecft! osed recycle system Applicable gases in this invention

are carbon di Oxpfignscflilikous £x! dhe GLRANEy O APRABALH; ENY 1% dl Ras
particular, carbon dioxide is highly suitable to handle since it is.
nonf | ammaBPe, Visansicyi endhdeh i{paaty e, adrtovels 14 &5 3indderrt Bapeid@itir e of

31.1C an@narefbiéCadudy @SsniLadferi2c8cat SOSPRLRASc0LS ShiEh A Jieexehee
system nenti oned above, a general fluid tranfer nmethod can be acconpli shed

with a hi §RVpressure generatar - such as conpressors, punps, etc. to make
and keep the sufaecpriccple ZhksJANaTO05rst bf £. tHdovievev,i sswch tgqof phkeat as

cl eani ng QHEEPS%%%%FP%MW ¥an G hY éﬁﬁgeiﬁﬂzﬁ%‘%{ﬁ%i;9&%%}%886&%41%@@ gh
ability to générate hig pressure, - an urther ese nethods are known to
generate fiHe the contrary, for the case of high viscosity thereof, the fluid
has high solubility for contaminents adhered or penetrated into a
substrate, especially organics substances. Secondly, the above-
mentioned cleaning operation is achieved with the supercritical
fluid contzining the contaminating substance, and the contaminants
can be divided between solid and liquid states because solubility of
the said contaminants is weaxened by decreasing the density
thereof. Accordingly, in this invention, it is possible to reccver
these components by a decompression operation in a separation
vessel.

After the contaminants are separated from the solution, the
purified supercritical fluid used in the pressurized cleaning vessel
can be stored and recyclied resulting in a closed recycle system.

Applicable gases in this invention are carbon dioxide,
nitrous oxide, ethane, propzne and the like. In particular, carbon
dioxide is highly suitable to handle since it is nonflammable,
nontoxic and inexpensive, and has a critical temperature of 31.17C
and a critical pressure of 72.8 atmospheres.

In such a recycle system mentioned above, a general fluid
tranfer method can be accomplished with a high pressure generator

such as compressors, pumps, etc. to make and keep the supercritical



particles that are detrinmental to the cleaning process. Even though it is
possi ble to depend only upon the use of solvents for cleaning, for a casE
~when this is not effective, it is available to use forced neans, f a0 JAN 2005
exanpl e agitation and/or ultrasonic energy for pronoting cavitation in
order to inpart cleaning action. The various contam nants to be difficult

to dissolyecan haafdeckivel ¥odi seolved witdamadgi tethF@én@Q £ rairier .
The above-nenti oned characteristics of the ﬁg@grcrutlca fluid are to
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regi on ancilsanpmlngractcam f I Thel artiogequen et high pries g ed MY igru dgdidnent
conponent §; < MG el €21 W, Oele%fr&zﬁ eg JERaRaSes Rat@Nb gLl drc ki 8 ifi@adndians

ol " tenperature contr rovi cl eaning vessel and the use of

ul trasoni c enel§y $QﬁvafﬁﬁﬂﬁkﬂﬁﬂgnCh%@ﬁﬁﬂeylsﬁw&ﬁ OﬁaEthﬁﬁEPFB%kFHQQ Ehiid
Publ i cati gRe 1.8 Of 1 e ﬂé@@nap&@u:ﬁrprpy@l@é eamsn@h@hhl €heppy pMéddure-

tenperature control usin nS|t ie s.in.a _cle
vessel wi tHPREGAUNEE if %8 Eeﬂlgf m"E’ll Cé‘gle%gﬂfldl-%mgﬁ %F %
met hod teﬂ;ﬁﬂdmbxﬂ$usaud Ehﬁﬂnam@hmonrngsmagﬂon iofisthé | et igritcaflopoi eduidng

cost SLICER PUIDS20Y;LPE LLke Auf eupleVef o, Uik ORI A Sl o

hi gh dens fred“gas Tn contlam nant s and
recoveri i Figustd vienthis regichosed 3uransiré tégal effﬂammsr b@%‘fe Patinerss and
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gaskets or as ubricants, oils or other undesirable fluids, are introduced
into theCtIdKhinedB8YSHRIAE REGHEH RIS TOAPPERSE iICR thFas FPeRarbre 3510
JAN i dfigemH pReNhagOgIORENiSh detstiber "dues ied gdd.s net hod nentioned

above, 1t s npl SUILILGETD! RSO & €t EMRYE Y HECABR! BoPWevuce
cost disclosed in the Japanese Patent Publication No. 7-171527
(1995), which teaches a means as to a high density liguefied gas
used as solvent in the critical region and supercritical fluid but
requires high pressure mzjor equipment components.

The Teztures in sezid Japanese Patent Publicaticn are a means
of temperature control provided in e cleaning vessel and the use of
ultrasonic energy for cavitation. Namely, what was described in
said Publication is only one means tc improve cleaning efficiency
with temperature control using a high density liquefied gas in a
cleaning vessel with cavitztion produced from ultrasonic energy.

However, this method teaching in said Publication is still
insufficient for reducing cost since a pump and the like are
employed as the power to transfer a high density liguefied gas in a
process for removing contaminants and recoveriing solvent in a
closed recycle system. Moreover, particles and other contaminants,
either as metals, inorganics, degraded seals or gaskets or as
lubricants, o0ils or other undesirable fluids, are introduced into
the cleaning system through use of these high pressure mzjer
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"With strong agitation for supplinmenting reduction of the cleaning L JAN 0
advant age of high perneability in a supercritical state because onﬁy 4
partially projected contam nants are renoved. Although <cleaning in this
method is carried out by imersing the objects to be cleaned in liquid

whi ch is indispensable for cavitation, contam nants in the liquid
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contani nants “consi sting of i norgani ¢ _conpounds, o ar substances, etc.

even if ﬁﬁéV§BFv€ﬁYlhésvﬁ?mﬁﬁﬁﬁlﬂpéaﬁeﬁé ?%F?n ithe pd SrditHi o 89°F oom
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invention . s achjeved b ans anln U g a
hi gh densﬁF?ré%%ﬁ?é§§@8¥PFﬁué¥Péﬂ smgggﬂﬁgﬁe?ﬂd %§§e re€%§ﬁ§£§§s iQ
conpri ses char;ame:sswsazlc:@arﬂ n:gems@lffprcmﬂ:tdetda vthSﬁcal ‘©¢ e2ing nIgE‘Ibﬁ%tk*ély 4 10
JAN 2005 suppord tdectb\} h SHRRS A 1k 54 Lgrcedé‘d S8 NOh VES5€I nf Ofhe

acconodating the o eane plurality of nozzles to emt
a spray oﬁ1@9ﬁﬁﬁés§eﬁﬁ4ﬁ{ﬁﬂﬁ@ﬁﬁﬁf@ﬁ?Iya?(§h§aP6356PécPém?t)QQ?PG 1s great

anticipation among these in the trade of how such a difficult
problem can be solved simply and improved for industrial
applications.

In view of the above-menticned contemporary circumstances theat
are noted to be difficult to improve, one objective in this
invention is to prcvide a new method using a high density liquefied
ges for achieving the cost reduction, remarkably powerful cleaning,
an effective cleaning means for solving a difficult problem as to
re~adhering and especizlly, a complete cleaning of contaminants
consisting of inorganic compounds, polar substances, etc., even if
the solvent has the critical temperature in the vicinity of room

tegmperzture.

Disclosure of the Invention:

A method for cleaning in this invention is achieved by the
Tollowing means.

Cleaning equipment using a high density compressed liquefied
gas wherein a closed recycle system comprises:

a pressure cleaning vessel provided with a cleaning basket
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cl eaned,
pressure
agitator

and at nospheric container placed over and connected to said
cl eani ng vessel, said cleaning vessel further provided ﬁ
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t he SysteﬁPD?PuBePbiOBu@ﬁ oD rERsIre F@ﬁphérﬁoﬂéssﬁheapﬁe%%@?%g%ﬁéﬁnlng
vessel having Jihg PRESSISE vapor therefrom;

an entrainer vessel disposed and connected halfway the feed
line between said high density compressed liquefied gas supply
cylinder and said pressure cleaning vessel; angd

said vessels for supplying and receiving the respective
compressed liguid are communicating between the respectiive upper
portions thereof for providing communication between tThe upper
vapor in the respective vessels.

According to the above-mentioned means, the advantages of a
high density liquefied gas which exists in the both regions of the
near-critical region and the supercriticel region in the neibouring
region of the critical point can be practically used. As already
mentioned, in this invention, it is greatly expected to decrease
costs of operation and meintenance, and 1Is not necessary to use any
expensive equipments, such as a high pressure generator since
solvent trensfer is completely carried out by gravity set in level
differences based upon vapor pressure and under vaporized state due
to low energy for transferring heat, vaporization and liquefaction.

As a further advantage, the elimination of the pressurizing
components in the system removes & large source of contaminants and



recovery vessel placed under from said pressure cleaning vessel for

conmuni cati ng each other immedi ately renoves massive contam nants al ready
cl eaned by emi ssion of a plurality of nozzles for pre- cleaning outside

" said pressure cleaning vessel for preventing re- adhesion of the 19 JAN 2005
contam nants, and as the next step for conplete cleaning, contam nants are

cl eaned by LurIhel CheRdnaundel de SO TNl Idredybh tdbcpohyen.. whi ch

can be advantageously isolated and evacuated so that further cleanings do
not contain conf@rineaACEe . fHEMDPEESIS LERBaNE NpSSefFoRatiigs Ehe eBTASSET €t he

chance to Jesadherfs @?sﬁjhé’@eoc%gﬁémﬂadﬁ %260 phasobbefisdifbeesdmamed is
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advantage 1 n thi's invention is that wth the characteristic henonmenon of
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regi ons i nyghaisd ofr 83SYhk Z€6n tAMBTH G Vesselhs whennéhe sodpyenir icongipaaded
slightly by exposure to atnospheric fondi ions, nanely,, |
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agi tati on gondetbyn geneeat wigh Wolvasonivhiceneagybe hdeagtagdoushy sodhecrt .
Wierein, it is possible to install an ultrasonic n rf rQj ection
W thin i i FeB At ot Erd ot ared R BRE N TSR ERheadliBrgs

t oget her Wirth prewagiusatbeariimzs. evitory thessatesulahi cihegichasce Uoargeaddfef-ect in
conparison wt.h t . [ ject igng . F, (of fo1gicbR Lcul t
to clean 2%%%3#anﬁpg§@§g?%Egﬁ%%ﬁﬂk%CHﬁgﬁﬁgégng?hgg?%g%%f%%%%%ﬁgﬂt %?gh
density | iRneeking@dgrsek, the describedi bheerbicithi Wase! &hni hE¥AeqLedr §ani ¢

subst ances, 3d PO a1 eaGO0RROWYIRRY BHHNG13BnEPRRLEAL £ S bast ante kor
each of the contam nants, which is the so-called m.c

. el | e .phenqnenon
recently TRR&EveTED forc IEANE Mf Wit A lfyeF&PFh§F§lfﬁg 38HFZnPﬁants
sol vated asleanhigedd.e that forman effective barrier can be prevented from
e e A SALEBETLS B AAAREEoA o FhEENLA, phb b asolag et hod
cl eani ng mmﬁnwmgnvandfcmbanpngtéq@nmﬂaﬁion, it is possible to creatie

bubbling throughout all regions in said pressurized cleaning vessel
when the solvent is expanded slightly by exposure to atmospheric
conditions, namely, in microc-processing menufacture, and cavitaticn
can be further promoted by agitation macde by generating ultrasonic
energy throughout the solvent.

Wherein, it is pessible to install an ultrasonic generatcr for
projection within this cleaning system and also possible toO
transfer this energy together with an zgitator into every vessel,
which gives a large effect in comparison with the case of partial
projection.

For the case of difficult to clean contaminants that cannot be
removed with single component high density liquefied gases, it is
possible to achieve cleaning of inorganic substances and polar
compounds by adding an appropriate surfactant for each of the
contaminants, which is the so-called micelle phenomenon recently
discovered for solvating contaminants. Further, the contaminants
solvated as a micelle that form an effective barrier can be
prevented from re-adhering, which represents an advance in
cleaning.

The cleaning method in this invention is achieved with the



consisting of a pressure cleaning vessel provided with a cleaning basket
supported in space within said pressure cleaning vessel for acconpd Ngmﬁ
'the objects to be cleaned and a plurality of nozzles to enit a sgg-@
conpressed liquid directly to said objects to be cleaned, and atnospheric
contai ners placed over and connected to said pressure cleaning vessel,

sai d cl ea%‘tﬂg.léleﬁts;%klfoh'{éd‘ecrle@fPMgd%@c\M"tﬂs%ﬂ 29t ati ek ngoNsi &d i ngmehzan
i npel | er and dlsposed in the side walls of sa;d clgﬁ{é=1D vessel, and a
0]

pressure CEESY Sty NEVES <o |PrEGERPR et §f B8RS Et o™ X i FRg? terfferBur e
and pl acedyasypdeky Ranehese dd esah dsPregoeteuet ediiang ngesssself dor

receiving the use |l eaning liquid after t | eani n ocess _an ving a
drain cyIﬁW&@WO@%EHE%QBFéﬁéﬁﬂt§3§bgﬁ Ede3 aﬂﬁ qgggéP%¥é§SGP%2ﬂ?%g8very
vessel . Ithmeac@@@gyngfp@@mgﬁgsegan&uqaed dﬂﬁbﬁilysabdsaﬁﬂnsm$mnnz:to be

cont ai ners prOV|

t I d th
feed gas, QIeGAEy GRE FELCHTET LG S005FaM B adbine ‘o ranh Aot CelBirechign a
recycl e supnly systsurecanlleanthgsuelsselsolseent cleahengivessepr dortbal to

per manent | erfornlth abov.e-.nen ayptatis o oey jBrief
Descripti(ﬁ$ § d e" a%ﬁnﬁ%lb nﬁ ERR %k&?%axgc%ﬁ F29%¥q%d¢) %Séb
equi pnent tdmlfsm akeilds obfsshd sclgnreints oesSskilg. 2Rd shopeeBSWttheRtavérvor

the multi we%s%%ee%laﬁg&yﬁk% t°n¥§5§n3'orl:'c%m§o§‘1§E'Q‘£§ﬁﬂﬁ399‘ra%‘1%e§*% ] tead

typical clean ressure cleaning ves gb shows a
mai n- cl eaninggr asd amméﬁdtglmﬂcéﬁlélmﬁ%enﬁh%aﬂw&r SERSClad@TFr§CeBLPBshows

a schematyie Qfscan caghhatg Olnlcﬁﬁld' R¥RBE. thb 9§led-n1‘3‘1%d ppotespestd viedwi rghew
schematics for equipnents as ~additional fun %pns of this invention, Figs.

6-a and 6-Waifesyddnier| fetariietdenandt PEEPS f5B. BPdShi Y QrRf Go5uTe

mai n- cl eanidi@veiry degdeqani ng mechani smof this invention, and Fig. 6-c

shows a schematic for gﬁ@ﬂ hégﬁ}n qu%ﬁﬁﬁ%&ecFégﬁbky sil @ adndSoreskate

diagramfor a p E&? g supercrltl [uTd and near critica
fluid reglmﬁ:alﬁerSQDr]@NCZ@DSJLIBsa nrate ffor Eabbayl higa RenpaveRero Mool

Detai | ed explangtl po.Hf aIsh' $3 mﬁ@é’ﬁﬂ“n‘&”rbﬁ&‘é’ MtbNsacs Prdareee mé,{mtn

acconpanyl ng flgures pressure cl eani ves

supports vessel through a recycle supply 'system, and with sucll a so ven
cvele, it is practical to permanently perform the above-mentioned

cavitation for a long time.

Brief Description of the Drawings:

Fig. 1 shows a schematic of the basic equipment configuration
of this invention, Fig. 2 shows a schematic for the multiple use of
recycle system, Fig. 3-2 shows a pre-cleaning as a typical cleaning
mode in a pressure cleaning vessel, Fig. 3-b shows a main-cleaning
as another typical cleaning mode wherein, and Fig. 3-c shows 2
schematic of an agitation ecuipment.

Figs. U and 5 respectively show schematics for equipments as
additional functions of this invention, Figs. 6-a and 6-b
respectively show schematics for a pre-cleaning and a main-cleaning
in a cleaning mechanism of this invention, and Fig. 6-c shous a
schematic for an agitating equipment.

Finally, Fig. 7 is a state diagram for a pure component
showing supercritical fluvid and near critical fluid regions.



~a cleaning basket (2) in space directly under a plurality of nozzles (3)
(for effective cleaning) wthin said pressure cleaning vessel for 19%AN2%5
‘acconodating the objects to be cleaned. In this case, it is desirable
nozzles (3) to have turnable necks. Ajet streamis emtted fromsaid
nozzles (3) to the objects to be cleaned in said basket (u) for a
pre-cleaning. The emtted jet streamstrikes appropriately to the objects

to be cleaned and the inpact energi strips off or forces off contam nants
ef f ecti velBgst Alassl Jert EFRaAY inRte1q alVetpdy cylinder (6) filled with a high

density |iquefiggoigag S¥PRInz@sofaPressednddaiiol (5)givenoisaickqiiessare
cleaning vessel (1) froma hlgh pressure tube (L) and said nozzles (3),

and in ami&RaWin ecrATRERYYINE TEEWERperature control ler (7) is acconodat ed

into ? ?0;< ((j8) pr!%/'s(ﬂ@dnalr; aulg:c ]glnsera pesiskhen drcamisgi vegwedssu) eumnbeaﬂl ng

vessel (1 e tot evel,.difference wth said vess r yi ng

and/ or tr§n§r%?’ﬂ%g i‘ﬂ" dSrpt2sBE§e) Shrtﬁcdﬂ%)m &1 r“—npﬁﬁﬁ‘as“%g éio 7 Il;?g%sfer

of said Il(qqldféﬁ)efﬁedﬁﬂweabnyammng)Jmnmd1nms$fd\pnmmsupeeskeanang WE55ehce

set at hi her te rature .than 6ss |_eani 1) ;ph sai d
Eﬁ ?%{, 1?37)the Sbigsgrmg‘ét > W% apeddN P Vi ysl(e ?%6

tenperatu Tebfif &d T Nto sai d supply ¢yl i’nder
and furt heressnebla fdm amwgkbes i (S)sappbavedurmedblghnecis.gh Apies stiineafube (f 1)

connect | NqsdtseHPAESn R A0% Gl (hS POtthy GRoELE )r SR cRLIRRRNSY L6

containers (10, ... Sonnath portion of said gressure
cleanlng vesselt (¥) Lo dl§p©s@be@@lﬂ&xpaﬁhﬁsﬁﬁ&i&&ﬁtJﬁﬁ15§§Pémc§ Bhk &S

vessel Egpggg§§955?§|ﬂb Md By jeatd @éWR§Qh%@d%dcﬁﬁﬁatﬂ@ruﬁiﬁﬁ)enbfgys
possi bl e t d

said onpr esse |IQUId§ fillin salﬁjﬁoress
cl eani ng FES4EE P43 @E)fQﬁcéétEf%Lﬁﬂﬂﬁﬁﬂj”aPE eCTiye, gHomn i ilraVn
F: g. 3-c, giafﬂé@hbﬁr§upr§ﬂsﬂ)cyaﬁﬁddir"1 Smﬁ&dlabdawpﬂhr‘] i td orl gohi ﬁensi‘w Uriderefsad d
c ean|ng as o the, portion in the hy [ ng
veseel (1BES SERRIGRS GONGFaRGrS (ADToH ¢ b o Vovandb Teke TR gﬁf‘:’mﬂgn)
is di sposr@ctsa[tong) wi rtdm tahhlg\}alnrasnsusal Tulpr dduend c$%1ah|n@§2¢'€~‘“ss(e3) (2Pd  and

then a powertyl . ag aufj Segwg perf % ﬁpermﬁ tBRrBit Rl (@Parsatab@wodfa%da

forced agltatlon C hese nments and cavitation % JAN ?H5
ari sen mnﬂﬁ“éa@dbpﬁpéﬁpep§ﬂﬂﬂﬁﬁﬁ)3?(ﬁzﬂﬁ%ﬁ@rbyoéPP%%%o%F@Téﬁ@ﬁbf ©S¥HFBugh
t hese Opercqtéa@asl th@sgﬁl (h clenitagther 1&hel Qﬁ]f&‘@'fr&nt@ bEth od=zanee¢scah be

S
(In this case, a transfer of said liguid (%) is reliably performed
with vapor pressure difference set at higher temperature than szid
pressure cleaning vessel (1) when said temperature controller (1)
is accomodated into said supply cylinder (6), and further such a
transfer is supported through a high pressure tube (9) connecting at
upper poriions of the both vessels. )}

Some atmespheric containers (10, ...... ) connected to the
upper portion of sazid pressure cleaning vessel (1) are disposed Lo
expand space within said cleaning vessel (1). Consequently, with
said atmospheric container (10s), it is possible to expand said
compressed liquid (5) filling said pressure cleaning vessel (1) to
create bubbling. Further, as shown in detail in Fig. 3-c, impellers
(11) are disposed at a portion directly under said cleaning basket
(2) and also the portion in the bottom of said cleaning vessel (1),
a sound generator (12) directed towards said impellers {(11) is
disposed along with the wall in said pressure cleaning vessel (1),
and then a powerful agitation is performed with the mutual operation
for a forced agitation caused by these equipments and cavitation

g



~and cavitation cause sudden deconpression that is effective for killing
and destroying bacteria and al so bacillus. An entrainer vessel (18] 14005
"connected at a hal fway portion between said tube and a nozzle (3). In case
“that there are inpurities to be difficult to dissolve by only high density
conpressed |liquefied gas, such inpurities are sucked and added into the
conpr essegdy. b & gui gl {19)sd iy h&@etqbeq(é)1ﬁu&oﬁgmfng(ny1u1¢easmnnk|ager@@cause

the surfactants having characteristics to he useful f t nant
| i pophi | i € hr@ﬁﬁﬂ(ﬁﬂﬁsﬁlepﬁﬁﬂf%ﬁnﬁ:hé%BoWﬂln ?l%QHeﬁﬁargrd?@%é%& g%kn€gdsance

in said eﬂﬁéahaércxﬂssélpéﬁﬁbrmé@ 15asd1suffhbéﬁntbmpnams@@sbnmwedtﬁb
above-nenti oned | riti wth the. s S
yi el ds anTesFidE ngg%aHVﬁ ef SHiiendkEE lpndlﬁﬂicuf % ?lcpggb%iﬁg
re-adhereanf psessa gorf emmr )Bu‘ﬁﬁsseﬁecdam])r*dsﬂ@qumtedsf @ffle@@eveu Ter
cleaning |iqujd ) .at ortio e cleaning vesse
(1). V\hergilﬂf SR F%%‘f”aoy(lﬁg) s Qe g s SRR UL T Al T of the
liquid level -, @ndéftrerierceveasvhpor3 priessonseahad a2t vapgdrlingugprtion
connect | OEgtsa'e% I eisdsuta\%é er-ﬁ%/ezgy yes5e! fél}t) Wint B o N dHHEerBdre are

tenperatu gula or rarn cylinder (16) detachabl sus ended
fron1undenmyamdﬁwaﬁuﬂo(qg)dlﬂﬁé¢@$bré0 85§00 ivenbvk & TEdE Stemin

cyl i ndor - LR TSTT0A %’lﬁl%c%%tgatn?ﬁé‘ﬁﬁﬁﬁgﬁlﬁl?sﬁpg”ﬁii“ﬁ%??@ aﬁdﬁear???g:g;]m "

cylinder {£16) comprasied syisqehy %%PdlﬁrE§§uF€bFeé PSSt (145 HeS a

role of therk apar b%eé%eofchéasdrpé@ﬁéuts ﬁheaﬂgnghzessebriﬁllcmml@'e f or

t he above nentioned pre-cleanin i nce .cont nlna t in e
|npur|t|e§5§?%l|ﬂ%%di5?@?9”4W§ﬁmﬁg hiReRgH e feibed 15 g&@%@EQj%?ggtw

liquid (5%, thée drieqdiigsdbes not adtaayei mslmctaﬂdrprwsufreésebl elhi- ngﬁ%essel
Coy $oe0 Rl SuPtagRcgRnt Lk olfe! MnklEndy &fien IBAL ODAEh B i=Chigen! ng

and pre- cl® sconnec |on o] vapor - nut ual connecti on h
conpr essedhki gorck1sN mhaells ﬂhﬁﬂé@ﬁ“omutq$1éoﬁﬂ§h¢$mﬂﬂ:?f?§CE}Y?nQ§§Fé8“-fron1

the systemyqwhlgly i R%?Pﬁf‘é;mt hsw%a@aemcmgseicﬁlr@—@awréFl g. 3-b). Finally,

in this invention, pr obl em of sg Cc ?g re-a Q?Slonlf%é3

sol ved. 9 19 JAR ?09§5F%? PG VESCF aﬁ 9, Thi g ErREEhig egE|C|engy is

assured. clkeningal dopr@s@une sl eabbwer viesselon( Troand seg¢s\PresdGeeing

rnggﬁ‘;ﬁirgmv‘é%%%‘f' 1A pgyent L&adhg5] @ And s KUEMSthidN reXethéeMith a
fall of the liquid level, .a difference in vapor pressure and e
vapor-mutual connection. Said pressure recovery vessel (1L4) with
an internal temperature regulator (15) has 2 drain cylinder (16)
detachably suspended from under said vessel (14). Therefore, &s &
remarkable recycle system in this invention, 1T 1is possible to
severe the connection of said drain cylinder (16) filled with
contaminants and a2iso re-connect an empty drain cylinder (16). In
this system, said pressure reccvery vessel (14) has a role of the
vapor space of said pressure cleaning vessel (1). Namely, for the
above mentioned pre-clezning, since contaminants including massive
impurities are immediately flown through the tubes with excess
cleaning liquid (5'), the liquid does not stey inside said pressure
cleaning vessel (1) (See Fig. 3-a). Conseguently, with the efore-
mentioned main-cleaning and pre-cleaning, and disconnection of
vapor-mutual connection, the compressed liquid (5) that is loaded
with contaminants is eliminated from the system, which increases
the cleaning efficiency (Fig. 3-b). Finally, in this inventiocn, the

problem of so-called re-adhesion is completely solved.
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for conplete cleaning. Thus, for the case of cleaning nunmerous difficult

to dissolve inpurities with single conmponent high density quuefled1%é§k 05
~surfactants that have affinity to the contam nants are used to create the
so-cal l ed mcell e phenonmenon that inproves cleaning power and prevents
particles fromre-adhering, and with nozzle inpact energy, forces their

renoval al ong wd:h regbbltngs cleavidgt hogh @Mﬁeﬁhhlgﬂ“ﬁ@@@dyagﬁt@swacand
chemi cal % nglexes an dvaqéf i.n cleanlng is real
ae e

vapor spa i S RhessEh cPAREnYE s Al ’(‘ﬂdcl%” cHhNette ‘ﬁr\ﬁclﬂﬁe“‘"vapor

path tubevetddi (The) yapoendfrsaiddepl @ssitce furecoyedy exesdbbnt Ivbchasism
connect ed through a_tub t he er gorthp af a _.high densi

19) w
conpr essed i §8 PLELC gatke Y LI%&‘?hndgr H8)CarE LIdafEF o8 gPHFa%%Ey
within a glioseshreaychessysieeimpptacied ovelr dilmglpr essuorencl bagh rgnsesgel

1), d th | 5

bressare AB0verSF reeSel ST CoTHe Waportyed ot h Y & arRBsredt o
sai d cyl i mder us€éd8)o hnyrdehie vhpo&e1naa§sdrmze£ﬂ4h'mmengmeeonth&ﬁuam@rhéeshand,
the ‘vapor., %sﬂghgy?bé%ﬂ %oagssiewn%ssgée/@fal%g FopgerL Sy @l ngeatng wh@hge

specific §ravi e contam nants as entrai ners eposi ted
and concenwﬂatedlmnaﬁheem¢mﬂﬂ(jﬁﬂTQEﬁetbéﬁfoﬂﬁmqvﬁi &ﬁﬁﬁﬁbhﬂﬁ@t@@bﬁéﬁﬂbfalls

Wi th gravicby;{or fodlr aédbe&y%hgﬁleﬁpée]dﬁ)a’gl%:%%@ HRNCRBHARRT Sc & H@sl, Seh at ed

fromthe system and separate the essence of an achi evenent is
that sai d2gveRetira Cﬂ@@%Vﬁ&?f§é§§@PY(H§0P%§ﬁHZ%%Jd hi gh density conpressed

l'iquefied gas %W'v)ép@a“ ispdele 63T8)5a960)25k6§s§ﬁ@ab@béﬁmngndeBS@QVeﬂy is
cont am nant rem)a/ sol vent reg Vel’ge g{lﬂa ort wt

e Mo dnnk S oY S dy Yohn AL Ea “RRB Nl bt S ressitar and

operat|ngr@Q@Ne@&nvbeseaS|hy)realéammbmméd1uHmamghnmemmMGn(1wﬂthlah tn¢er nal

tenperat ur an g Hor
above- nent% %gd vg %?ﬁz%d SO f%nFE&%Q% 85%%% %F dh?ﬂﬁﬁef|%€s %Dﬁaky (21)
connect ed catl in¢er I(d\Bér apo thagns Or sHicdagy|iitdén g18)osad EeAKRE? &¥SaABL her

tube (4) 0 CRRNQGL Wit p@f'e%%%?f*leecﬁ%)an@fﬂgt USSBE?SWI}G gheapheg wesseh (1).
A communicating tube (22) for a rOVI ded in order to conplete

(oo™ Eoamerenbr ot et dop rhet ot e n B te . PR s2elERv o T
19 JAN 20Qesdedp(is) campl etpcrinedasbenger dsurpadspdrareence secdired ibger

heating whih Bai fh 1 QIOEralULEs GO IL! LPIRESAY] ARl 6208 ndPUfimad BRY and

vapor density is low and the solvation force is small so the large
specific gravity of the contaminants as well as entrainers are
deposited and concentrated in the liquid at the bottom. The
concentrated part falls with gravity to a drain cylinder (16),
where contaminants can be isolated from the system and separated.
In brief, the essence of an achievement is that sazid pressure
recovery vessel (14) and szid high density compressed liquefied gas
supply cylinder {(18) provide separation and recovery, contaminant
removal, solvent recovery and transport without any specialized
high pressure generators. Final result is that low capital and
operating cost can be easily realized with this invention.

With an internal temperature controlling regulator (20) for
said cylinder (18), the above-mentioned veporized sclvent can be
cocled and liquefiec. A tube (21) connected at the lower portion
of said cylinder (18) is connected another tube (4) to connect with
a nozzle (3) of the pressure cleaning vessel (1). A communicalting
tube (22) for all vapor is provided in order to complete fluid
transportation arisen by liquid level drop. In this case, such a
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original recycle systemfor a conplete cleaning in which sol vent 19 JAN 2003
circulation is conpletely achieved by an only nmeans for controlling
“tenperature and wi thout any expensive high pressure generators can be
supplied. The elimnation of high pressure generators also reduces a
source of contam nation critical to sem conductor applications. Fig. 2

shows an exanpke b&ﬂﬂﬁlﬂﬁﬁ tthea abwzﬁeﬁmih ﬂdﬂeoﬁ@dfé%y@é eoc syrsce my( hc“~nga
pressure recovery vessel (11) - ensity. conpress u as
suppl y cyPilkBepa {agemperaturg gogt ﬁP‘ogﬁtfedﬁegfl prar r{w)l pl gglﬁ%éqﬂ \?\)ﬁ % %an
exceedlngb&lgaqgfaﬁgbgdm% faseebnoncand cqqilene aletying maidhiphessivent

cl eaning vessel (1). Bo syst can _send |iqu G i I y
val ves (237)11"5%131'(123114)’“' WW‘“EVI%%W& orY (% %gﬁg tﬁ%’a $g%ga8§na¢rj\}eﬁ@%a

t hrough t hemnpeAgtien agti altwtait\/enwéaper?@meuhdgm -mreTHSUgRegenerayprs can
explanation with use o Q ctual r £2.to be
a solvent%ﬁAﬁPpgﬂlfﬂe e&h?pﬁ%h@l !?éﬁ;%@ %tkgﬁségg%a%%?%gégb?55| °a
roon1(28)ﬂmddténra(xmmh¢eomfngonoﬂmuobt@qnlpweﬁuC@ZDtQrﬁﬁml@@%ﬂﬁﬁﬁ%%s a
tenperatu which is confortable for people who are working in

nanufactuFPHElC%”(%Flnder (6) is controlled at 30°Cwith a tenperature
control regulator (7). For the case of the <cleaning objects with

surfactants andﬁ t BatAng ieh tBBGEEEHEﬂm%%%@Q éd(ﬁﬂc@cié) in
sai d pressure cf gnfaémggésgfe%gyﬁg ecﬁéased fo: ut 285? I.n Sah?
d

pressure ﬁé@ﬁw@r&’vessela(Qisssuﬂﬁh€eF@Hﬁ§VaY%$%e%e% e U85S

t enper at urg,GPREERY 1{%@%@6%& 1&)pp1oe vt hhser t(ha@)queF paris giraviieetii qui d
is nostly vaporized i ngl e _qverall vap

orizatian ti g ons
requires aﬁ%"u? nB ARG BS deé\? r A EXGG L HAR alyt Hlngmr:%se T’gjua?u}sjjcgﬁton %b
time can tﬁbuéaduéadtyOOQCbamdﬂmressuﬁhecI&gﬂlngewsssy1cbhbres&@%ﬁ Sysqaéﬁled

gas SUDpIy%yléle&ngeﬁg bgeckghgfr%%%ecg fiin "2%' ?nd(@lg]hrw@sligh

cool i ng at® tnt¢ai contr %6 ator t he ot her
hand, wheralloadi ngrerh&oobg e‘m@ f5oMea onaéaﬁeiﬁﬁ httrouad dtis é§§EiF Ot 1B¢afi ng

vessel (Dyaiive takes %@Uﬁné&-ﬁbﬂﬂi&’ﬁem%l bn @ﬂ;ﬂ@ﬂhﬂgoﬁa&momrmfe thiiswever
with the dual system the waitin e next cl eaning is

negl i gi bl e TRP chotldNofk tide OEir%@”Jﬂi\FrQCHOS Eaal?‘? f’atsloo hi gh oper ati on
ef ficiency. Nextilasranmkgelpmintcdur skis theeadiancecke clreanigng fresitdgr &s in

room (28) with air conditioning control equipment (27) that
guarantees a temperature of 20 ‘C, which is comfortable for people
who are working in manufacturing. A cylinder (6) is controlled at
30°C with a temperature control regulator (7). For the case of the
cleaning cobjects with surfactants and the like, the Temperature of
the compressed liquid (5) in said pressure cleaning vessel (1) is
decreased to about 20°C . In said pressure recovery vessel (1L&),
the temperature becomes 30°C due to said temperature centrol
regulator (15). For this, the upper part of the liquid is mostly
vaporized. Single overall vaporization time for L4-U.S. gallons
reguires azbout 40 minutes however, being that. this is a dual system,
the time can be reduced to 20 minutes. The high density compressed
liquefied gas supply cylinder (18} is filled with compressed liquid
(5} through cooling at 0 'C with said temperature control regulator
(20). .
On the other hand, when loading the objects to be cleaned into
said pressure cleaning vessel (1), it takes zbout 10 minutes until
cleaning can commence, however with the dual system, the waiting
time for the next cleaning is negligible, which allows the
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Figs. 4 to 6 wll be explained as follows. Objects to be cleaned are pl aced
into a cleaning basket (102) and supported in said pressure cleﬁqiﬂﬁj
~vessel (101) directly under nmultiple (necessary for nore effectiVe 2003

cl eaning) nozzles (103), in this case, it is desirable for the nozzles
(103) to be adjustable. A jet streamis enitted fromsaid nozzles (103)

that stri §g§nmmﬁrsﬂqh$angpéml@hj ecticitache cl eaned inside of said
cl eani ng basket 102 h act energ |nc%rred b the enLttede% ty

streamis effé%ﬁhbvea%oz MerEe” d:fff CORTF@MOVE COREF nant e MEut THEr €5as” shown
in the deb@ggs PfrFigdui br be lerBéired@ c(slﬂé}lo@re di sposed at a portion

di tl d cl b d t tt
of o vessel (1081 stans CBRBraIE P1b8Se A et o vhnapalieidty (E28 | ere
(105) f| is ghgpgs@gbpt@ldomg ditch pbhﬂsm&l lcliean sred regesse] 101708) read ]Eunéﬁl"d

rtu a I I t R.EO or
ggy\?atl on™¢ E%gte eFﬁég%We?i{?r pﬂ%ﬁ S angg%:%lctﬁ%ﬁgﬁgéﬁdsﬁleg (1@3 %
i npel | ers t,(thS&cse),t ati hg dpsirkbi esbor c:henm@,&esTlﬁéD%\deébﬁeﬁ@ﬂ‘bﬁ@dﬂe
cavitati °h0 Lodueed. By: sudden eenmRr &58) oz 8 { #63) vendOstrdastr aying

and killi ra as acr | pressure "recqvery vessel (108
i s provi dettef ol earcx apeei oyiadi@anPnge [4gangd {rmwe) of heaifyls 1820 e RePBsY

pl aced at |, PYLLI essdber sl eadi agi vmassejet( E&beamSush an
accept ancé g}?%cl i QHp%é@r‘érﬁé:ng s:t%ot Iy pge;rfor med due tejo\e the differences

eanin

of |evel &Mec‘va\b@rtop%@%%r@f( Or.remeve éﬁBEﬁ"%Wéscontrol regul at or (109)
for establishipg-ghdreMperaidine i gr gk eRiak s dgserigbes-d atiepeiiers -(18ah d
vessel (108) with an internal te rature control. .regul ator ) a
det achabl &rdr L APSAY Ade? FE‘?Lr’i‘G)O”gH %Csr‘ga 4P9%h 288t o 38 E%%}}Qge(s};bgﬁ
(108). Saighpreesyre peﬁﬂyehylne$9elb©1@&m leels carvegapor t @@l P ol @ aguad

di vi ded room for sai e r I e y d
per f or m n@FHE 2&Bbv Eg?r&tdﬁ%%eg d E&E:H[rg%nlggga lmﬁ%@%\? Mﬁ??zolnstm%rr?gﬁ%
(|ncludlngﬁlmmgnmsshvénﬁnpaiﬂtﬂésﬁaséaW@éﬁeﬁ t(hed 1 XA ngP§7 qBPYer187 ),

said |i quucﬂ]B 8k dh du&rrﬁstw amt@.laqaraﬁp@gaw@s]ekomalrosteoe
said liquiais |nned‘atel

recei ved refore in t )
af or e- nentﬁ&jﬁéalﬁ%JQ?WsPéaﬁﬁrh?eﬁﬁl?ﬂle §”§§n%q8r rﬁnt?ﬁfﬁ% Iﬁegr said
conpr essed;djedUieds (1MA) rorsaing b ﬂDtr:h&lﬁnzaoﬁlq:ngessuT‘]ee doeanngnigned|
1101) after Seve{?ggep9£o$ced fvgudden decompression is effective for
destroying and killing bacteria as well as bacillus. A pressure
recovery vessel (108) is provided for accepting cleaning liquid
(107') through a tube (122) placed at lower portion fron seid
pressure cleaning vessel (101). Such an acceptance of cleaning
liquid is smoothly perfcrmed due to the differences of level and
vapor pressure {(------ temperature control regulator (109) for
establishing a temperature gradient is described later =------ )-
Said vessel (108) with an internal temperature control regulator
(109) has a detachable drain cylinder (110) disposed at the bottom
of said vessel (108).

Said pressure recovery vessel (108) has an important role as e
divided room for said pressure cleaning vessel (101). Namely, when
performing the above mentioned pre-cleaning for removing
contaminants (including the massive impurities) scaked in the
cleaning liguid (107'), said ligquid does not stay in said pressure
cleéning vessel (101) since said liquid is immediately received
(Fig. 6-a). Therefore, in the afore-mentioned main-cleaning which

is performed with the filled compressed liquid (107) in said
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menti oned connection, a conplete clearing effect can be realized because
the maj or contam nants have been already rempved in the pre- cleani g]gjmemgs
6-b). Thus, a problemas to re-adhesi on which was very inportant

entirely solved. In this invention, all of inpurities can be reaned
rapidly by collecting themin a drain cylinder (110), which can be taken
of f fromghessystem ang: ﬁgpbéséelrepeaDedryesosehaVGHEE|9fp¢@§|@w@vﬁo

realize the infinite emssion_ wth.t e er.opr gabove
narrati ve"git i HEc aGPGBFCb}%%hﬁhdxmmgﬁéeeﬁfggg {Rﬂ%igaFnggﬁsggnf t g%é is a
cavi t ati ope@Giskothne Ax@goﬁt faERnendct T lavai e 12290 memoa@brlﬂe%bar@%n
havi ng a eratur. roII t - 1 i ct ed
to the u%%%gp ?& Bb&gsugg%L 1§h|né %és@%fﬁ?ﬁ%?eﬁ h?ﬁﬁaa%%
vapor pathewbemwﬂeananﬁs aerb‘mmalcv supil a6 + ublen (-9 |1 rawed € e tadtli & with
R el by 1B, b LHEVERLELE: LAY 1 CRIRBCLNOR 11 I vapor

path tube e "cl"'eani'n eanlng npressed |iquid
(107), V\hcphndser’dl(ﬂﬂéhemhlfchonan e de&enf olkiimpmut ?a%b?ﬁeén ﬁlnéj 8BRS This

cavitatio Lepgat ek iy cacserailiion tae coplding ehesdioguid
W th sai dpeééﬁﬁgggtége c&%ﬁroﬁ q%g Hégglator (111) and connection with a

liquid phasSe HappEyst@ibe (11~). -Finally, such a turbulent flow as an

i deal which hasgxgeirhent, sgl ualel @Botambegreaki sedehdarctiae casenirgt
there are inmpurities di fficult to dlss%lve

conpresseﬂhﬁla&%¥?%dF2%E§”EnR9+ Lsmead iE8e cﬁnabgagnggfg%dﬁ By %%yveﬁ{ with

t he surfagta@@%ﬂgmqagcoﬁm@nagper(sneosﬁhn ﬂamopheMpanSmmmobhwum@ and/ or
both of themthat we e cal nRQyrenon
-4, mhlﬁﬁmp%ﬁ%%¥€scgﬂt‘%fé@@l %gggﬁgﬁé E%iﬁ‘%ﬁ%ﬁ?c eQ%@nggﬂgglon
Figs ~ anHe Supsferw peacii onso ArtleEn gere ALEe Qﬁﬂﬁmﬁmg vegsehowd 1 ImENReYE" foor

sol ution KESREP Qi+ Bhobl (RQuh @XRepli oNghebMsi i nedbbeeeralie Sysiem

with the hi essure eqU|pnent I ncluding the ab % ? qplng
mechani srrsavAtgbm@nwwa\ﬁerpal léyP?ﬁ‘a%?mf(dllf@P 4119 &&W"Fh éq

density cgggﬁgggggqlwgmﬁ#ggg@ g@?ogupgtheSuEQNMTESBeduHEquﬂda@1ﬁg)fomoaa

ressure cleanln vesse| (101 roma.nozzl 2 oygh sure
Fube (115F2 185 ”PEﬁp%ngﬁpg BGH ol %1 gulgpg& %T&g?}qgsdggggkﬁ a?ﬁ into

a box (118) cplsacedt hi gheg thanasandemagnﬂq;anlg JpNs2ggvitation is
continously repeated by acceration for cooling the liquid with said
temperature controlling regulator (111) and connection with a liquid
phase supply tube (114). Finally, such a turbulent flow as an
ideal which has excellent solvation can be realized. '

For the case that there zre impurities difficult to dissclve
by only a high density compressed liquefied gas, such impurities
can be dissolved by sSolvent with the surfactants having
characteristics for lipophilic, hydrophilic and/or both of them that
were added in advance (-—-- so-called micelle phenomenon ---}, which
creates an effective barrier against particle re-adhesion.

Figs. U and 5 show varicus arrangements, and Fig. 4 shows
methods for solution transport that without exception form a closed
recycle system with the high pressure equipment including the above
mentioned cleaning mechanisms.

A solvent raw material cylinder (116) filled with a high
density compressed liquefied gas supplies compressed liquid (107)
to a pressure cleaning vessel (101) from a nozzle (103) through a
high pressure tube (115), and a temperature control regulator (117)
is accomodated into a box (118) placed higher than said pressire
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cl eaning vessel (101) in order to send said conpressed liquid (107) by
level difference fall [nanely, tenperature control regulator (117)]BJAN2W5
~establishes a higher tenperature for the cylinder (1)6) and the vapor
" pressure difference causes reliable fluid transfer to the above pressure
cl eaning vessel (101) along with the connection of the vapor spaces
through the tybe (Jdd fan1t hey veper]to Sand bagh coopesssee igbéd (A05)) j oi ns
said liquid phase supply tube 14) at. the thr y - ( and a
cyl i nder ¥ 163vVer Qﬁﬁ%&ﬂﬁ”§€ aﬁg}aE €ri§ﬁgbﬁ§§Pﬁgrc¥qﬁ%$la i%n& pressure
space) iS¢ comMeckad]1tonedld aw ghiegutemperdimreedor Aphertyldinger (eseland120)
is connected to said high pressure tube ( ' 1 e Nz zles
(103). FoFhe S&PET et F5 U rdgiﬁﬁﬁﬁncflﬁéggesf%%§%?ég%§g§g?ggfiﬁﬂ§figult to cl ean
cont anmi nagsvd heseanenet edrei meeveredl wi 1 sizighe ebwpdiencoanept i density
compressed |iquefied gases, a_lipophilic Y bl Ibstangen«
possi bl e 5@%0&%5%1ﬁﬂ?g?ﬁféyoyﬁhtghﬁg%hgf§?%?rfq?gghthegp%gﬁtanin ptqﬁg
absor bed preshereaneessed)| jouns (a7 ) ibyiadebasosuRmYotyReah' bt fite in
the connegl,on i tagy tubg d e, there ic%l%nd%k'b?ﬁé?%rf@thme an
e

connecti o pressur e cl eani ng “vessel 101% and the E[e sure
recovery wessmbhdri@8konthinty i 12:denlPeAresSWReSEBOSE- e fOBAREETY dfor

path. The M5 erhNhe 1A Pr &S Se@ainepVeeysalesseld) (19D&onnectenriect ed
t hr ough aa¥§%g]f%g§? tgj?$1ﬂya et

t he upper. portion, of hi gh_densi o] sed
| i quefi edsgag hialpFngseyre ntere ((133) QF%Eetbenfioﬁ" ehi%Bﬁeg"% aec%e (;’péﬁf trr?e&s
pressure ckgaphpga Vgsseledskdl) 129)3 soprege cesnofl Midfieoyt] tosgkeam the
vapori zed solvent with the tenperature co

! trolli g 1@9) nigd the
pressure FEEBARIMANISsEBRT (98B)9's ?rré%c’fvgg EgH%al %%%ggbﬂ%ﬁ]esrftt 39corr%r essed
|i quefi eddgasi sypPbypeydseular queZ+edbgameansa of ipame gper PYEELEPe! 1€
di fference, t he ot he , ] ey YhaSUBSE ancas randtios
ent r ai ner §U87 aﬂ%%ég}Pgésgﬁggéb%ggaggg?g%qqﬂ%gthe_“ﬁgﬁr bigq%d pga?e fince
t he vapor cphasei nhntsiity absoshgsh ins Ghe t GAIPEESFEY| bif d (3 X £996HVAt i ng
pover is ?é e NES 81 600E M FakedHithst ances wketbies (1650he Beirewidrai n
cyl i nder ?@ ? to_ b d

= Separ at (-9 eaitd 2Peca e J SHEEN TSR EOTG) BF PG B “aP LS Asur b7 beppery
vessel (1Q@ksand (said hingh whengpirepsucenpeessedyl vgaetied! SBppl YREGPi hdler
w thout tHERBGEH oF S Ebchie; 6B ued i IroRRR, B Y PraseoLvent
the pressure recovery vessel (108) is connected through a tube (125)
with the upper porticn of & high density compressed liquefied gas
supply cylinder (12L4) placed in higher space from the pressure
cleaning vessel (101) as a storage means in 2 recycle system, the
vaporized solvent with the temperature controlling regulator (109)

in the pressure recovery vessel (108) is transfer to said high
density compressed liquefied gas supply cylincer (124) by means of
the vapor pressure difference. On the other hand, contaminated
gravity substances and/or entrainers are deposited and concentrated

in the lower liquid phase since the vapor phase density of such
substances is low and also its solvating power 15 weak. These
concentrated substances are fed to the below drain cylinder (110) to
be removed and are separated from the system.

Therefore, a separation and recovery mechanism consisting of
said pressure recovery vessel (108) and said high density
compressed liquefied supply cylinder (124) can realize contaminant
removal and transport of recovered solvent without the need for

specialized pressurizing egquipment.
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1 ~ JAN 2095 A cylinder (ie' ~) having an internal tenperature controlling
-,regulator (126) cools and |iquefies the above-nentioned vapori 2¢djAN (05
'solvent. A tube (127) connected with the |ower part of a cylinder 02LO s
~connected with a tube (115) in order to further connect to nozzles (103)
in the pressure cleaning vessel (101). For conpleting such a
transportationyofyfirtcd eGeunriesving Iavebt@hﬁé%ﬂﬁammeraauraannrrphéseapath
tube (128) is arran ed and_connected. .Further [€o_ Y g %Pé§m§§ e

Ci rcunst AF8B52TRRLY] §8P&Stéﬁ%e%%ﬁqffée§oﬁ 4l ‘redup t 25 ¢ 8%heat
al l ows theitegnsferode Qezqqnpbﬁﬂéttethetbltheaﬂqmmacpacalo%ysuaﬂuﬁo€”

sol vent recycle and recircul, |o pl usi Y ature
contr ol h)dlS BERETHE? B g‘é I(éig? }Ae:og‘ld%é a? ﬂ&t‘%@k Cém{ I){Eg{jj
recycl e n@y@l@gn(nmpr ovittedpbassales ol edrimgugbssol V4a1 )t r é"r®§p©¢mplcﬁtlﬂaw

material s througpab%éggtgéaﬁﬁzg? ﬁfu13QQﬁﬂn9Qﬁ§§Héqigkﬁf%ﬁ?qgg%ﬂ@@th

appr opri a6V ap speci al'i zed “equi prent unnecessary
whi ch al lvapsr fgitase pen]sl‘dﬂxeabliéB}eduerlrmeﬁna?é‘émcﬂwem%‘bst SUBRREEOHENses.

Fig. 5 shows saly, %%) ﬁ@ﬁ@%%%n %”‘%e%XHh%p%ﬁgﬂéjﬁamﬁébéﬁwﬁe ebassulLe

cl eani ng Wesdel e case c-f wusing ? Eressure ﬁznerator in
t he cIos@@gmd@MUhe By%ﬁbniﬁﬁm@$bn@hl%%%vﬁheihfaﬂﬁ &R tRePEafB®HaFkE-in Fig.

4 are Us%eréﬁnt hi $,6888a1l kykSedQlor BEDRTIAFYCTENe bhe cadiredbaticléy to be
arranged at the upper portion fromsaid pressure cleqylng vessel (101)

since a é@rﬁﬁﬂé@%o‘?y U(SIQB) OBt &d&EPRETAFIRG ?%tl?‘q WP§YU provi ded. A
connection betygsan rpet Bnl/?p@trceﬂméﬁ'esclle&nmngtaleﬂ]g §i oh | ardlpsed momedet i on

bet ween t he ressure c n ssel .(101) .a I ecever
vessel | (CHOHRT & DRTAGHC A T (rr7) B ONREotod ey AL ST Sher oot "o a
cyl i nder u(ql',%r)alS mnngntijejluéﬁfoemeSsade@Opr@Wﬁl ﬁgff;ﬁn"ﬁﬁce=§ 1@9}7
| aced halfma t foldr I ; me
Ipnt er nal E{Pepg pjhase .e%bnec[ﬁf%%]g & diRd diuhe (Js,jp@m%'lq e‘{H tetﬂl%lpmeﬁq 1s

between the cylin é sai
pressureeuﬁn§£m5ﬁgPVe§§eth(ﬂkmgwﬁmﬁ@POHlF@@QPOQWFQHﬁ §eﬁP§Gﬁ %Prﬁﬁﬂ%tféLl

shows a fddgkgraﬁgréyﬁgﬁgegt the supply side of the cyllnder (12~).
Vessel | an i mbBner | TOBoREhY HEY ‘CARSAPrbegia Foopr bur d 18 el SR
pressure ;519@@5/@1‘*5! cvessehg aemisgh dersi) yf wonpressadel fGuesing gad 1§@pp| y
cylinder, ete, gnerasc%ﬁa'ir‘fi‘tf‘%n 3R § %%pﬁié( Whéﬁi?&ié&abb&’vé eali ze a
nmet hod fd? 5&5Fe§ i'ng sol vent recover powerful cleaning and an
which the same marks in Fig. 4 a“e used. In this case, 1T 15 not
necessary for the cylinder (116) to be arranged at the upper
nortion from said pressure cleaning vessel (101) since a compressor
(12%) for deliverying the fluid is provided. A connection between
both vepor phases is omitted. Similarly, & coonection between the
pressure cleaning vessel (101) and the pressure recovery vessel
(10B) is omitted. A tube (127) connected to the lower part of a
cylinder (124) is connected Jjust before seaid pressurizing pump
(129) placed halfway szid high pressure feed tube (115) and further,
the internal vapor phase connection between the cylinder (124) and
said pressure cleaning vessel (101) are omitted.

In this Figure, a mark 104 shows a filter arranged at the
supply side of the cylinder (124). Consequently, a new cleaning
mechanism consisting of & pressure cleaning vessel, an atmospheric
container (an atmospheric pressure Space), a pressure recovery
vessel, a high density compressed liguefied gas supply cylinder,
etc. and a separation and recovery mechanism actually realize a
method for completing solvent recovery with powerful cleaning and an
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15 19 JAN 7LU95 effective renoval of contam nated substances w thout 2 high
pressure generator, which provides an econom cal and nost effectix AN 2005
cl eaning system industrial Utilization: In a cleaning method usi g 5 hi gh
density conpressed liquefied gas and having super cleaning power with
reference to this invention nentioned above, it is possible to conpletely
performf%ff%@¥§b§ pEmpakhi glec subkoiiayof Superznt esorj tebot kohigh

preci sely <cleaning contam nants adhered to Se”iQOQ@”%EQrmﬁﬁpe?PS%Jﬁﬁﬁ t hat
have not RRESEUPEr BELANAFOF) eWhed W Ph: e 20uft BAt™"&Peahl hd " Tet fiod: 1

cont enpor &4 nghgagifigepret hods for general industries, for exanple, for
applications in -the netal manufacturing field, it takes around twenty
(20) to forty (~O mnutes for cleaning because of necessary nultiple
bat ch processes as various steps, such as pre- process cleaning, primry

cl eani ng, _mai n-c¢l eani. final cleaning, drying processes and others
bef ore anB“HFFEFa%Zﬁﬁﬁgng+Whg the metal conponents. However, with the new

cl eani ng net hodnof diiasing nuemiodousirtghe abelvalamsnty IRFRTpPoREedSEREf Bid
cl eaning netals .can. he c t L Qi S it arpepdethve (12) dradive
(5) i nut%%ss?ﬂge%ctvﬁinsg ﬁ@%ﬁen‘ghﬁéﬁgé ?%_e\yeaﬁihe %gg petch ér ocess for
such vari pmsentitepsenwhondd consel | tatiss PEFabRE fiJF proPRSSE A APT BV

substant | gl 095 S8YI10S. . Togy IPRIdrRMBLKAPI 63 £R8H Urexd . fobi preouesty on i s
appl i cabi |¥y of cl'eani ng

. 1g not on xﬁnetals but also for fibrou .rn%ﬁgéals

and furt hel adring (NS ATENRBES RN §iratc (G0 £RMY CPRANG L& £7 gﬁﬁpzﬁrﬁtl g

cl eani ng 'hfwé eRf fbefUsdanlctdy Yo 001 Ngch Bhpl anatéron cdkahvingamethdy A

pressure cleaning vesselaéZ A ¢l eanin Q&sketf ﬁ)h%%;lgsiééhﬁxq%gb pLessure

t ube (5) Conpr esdedoNE§aPE ] f&?@%‘?%g”q QP d %6)5& Sofvent® Taw

mat eri al supphy16Y! I 8eesphT) det eovperiat whe cenelomeeydeatorips) Alebk: (9 A

hi gh pres%gﬂggtégg%n%6twenty (20) to forty (40) minutes for cleaning because
of necessary multiple batch processes as various Steps, such as pre-
process cleaning, primary cleaning, main-cleaning, final cleaning,
drying processes and others before and after manufacturing the
metal components. However, with the new cleaning method of this
invention, the above-mentioned processes for cleaning metals can be
completely finished within around two (2) to five (5) minutes since
this cleaning method can rezlize cone batch process Tor such various
steps, which consclidates cleaning processes and allows substantial
cost-savings. The most remarkable feature in this inventicn is
applicability of cleaning not only metals but also for fibrous
materials and furthermore, this method can practically realize a

non-polluting cleaning instead of current dry-cleaning.

Explanation of Marks:

(1) A pressure cleaning vessel

(2} A cleaning basket

(3) Nozzles

(4) A nigh pressure tube

(5) Compressed liguid

(5') Cleaning liquid

(6) A solvent raw material supply cylinder
(7) A temperature contrecl regulator

(B) A box

(9) A high pressure tube
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11 JAN 2005 (10) (11 ) (12) (13) (1-) (13) (16) (17 18) (19
0 (z2) (23 () (8 (20 () () o1 (on, gog
: ' 110

©(1111) (115) (116) (117) (115) (519)) (110) (Y (- (1

(10) Atmospheric containers {Atmospheric pressure space)
(11) Impellers

(12) A sound generaior -

(13) An entrainer vessel

(14) A pressure recovery vessel

(15) A temperature control regulatcr

(16} A drain cylinder

(17) A vaper path tube

(18) & high density compressed liquefied gas supply cylinder
(19) A tube

{20) A temperature control regulator

(21) A& tube

(22) A communicating tube

(23) A three-way valve

(24) A three-way valve

(25) A valve

(26) A valve

(27) A&n air conditioning control equipment
(28) A room

{101) A pressure cleaning vessel
(102) A cleaning basket

(103) Nozzles

(105) Impellers

(106) A sound generator

(107) Compressed liquid

(107" ) Cleaning liguid

(108) A pressure recovery vessel
(109) A temperature centrol regulator
(110) A drein cylinder

(111) A temperature control regulator
{(112) Atmospheric coniginers {Atmospheric pressure space)

(113) A vapor path tube

(174) A liquid supply tube

(115) A high pressure tube

(116) A solvent raw material cylinder
(117) A temperature control regulator
(178) A box

(179} A tube

(120) An entrainer vessel

{(122) A tube

(123) A tube

(124) A high density compressed liguefied gas supply cylinder
(125) A tube

(126) A temperature control regulator
(127) A tube

(128) A vapor phase path tube

{(129) A high pressure pump
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(120) (122) (123) (1211) (125 (126) (127) (128) (129) Atnospheric
contai ners (Atnospheric pressure space) Inpellers A sound genera gr Aﬂ}
entrai ner vessel A pressure recovery vessel A tenperature control ejéﬂu dor
A drain cylinder A vapor path tube A high density conpressed |iquefied gas
supply cylinder A tube A tenperature control regulator A tube A

communi cat 13¢88°dA t hree-way valve A three-way valve A valve A valve An
air conditioning control equipnent A room A pressure cleaning vessel A

cl eani ng basket Nozzles Inpellers A sound generator Conpressed liquid

Cl eaning |iquid. A plessigsed r@c'olﬁaygtemeabﬁbinmbﬁampetodtwlearmdrinracpressagul at or

A drain C%ie'aﬁgg rvesse} ar conetlaclflegde by rlnfr;ﬁ) Iden31 compressed liquefied gas at its near-
critical point state as cleaning solvent is injected from outside said pressure cleaning
vessel, contaminants adhered to the objects to be cleaned are dissolved in the high
density compressed liquefied gas, subsequent to which said liquefied gas containing
said contaminants is then transferred to a recovery tank or a separation vessel and
decompressed to reduce the density of said liquefied gas so that the contaminants
precipitate for separation, and further the cleaning solvent with the contaminants or
impurities removed is reclaimed as a high density compressed liquefied gas and stored
for reuse;

a method for cleaning and recirculating solvent, wherein a high density
compressed liquefied gas existing in near-critical and supercritical state is employed as
a solvent, the entire transfer of said solvent is achieved without requiring use of any
high pressure generating device by feeding under pressure resulting from a vapor
pressure difference between vaporization and liquefaction wherein for said high
density compressed liquefied gas the closer to its critical point, the smaller the energy
required for vaporization by heating or liquefaction by cooling, and by gravity settling
at a set difference in level backed up by the vapor pressure difference, while in the
pressure cleaning vessel, the high density compressed liquefied gas is sprayed to the
objects to be cleaned for pre-cleaning massive contaminants so that the contaminants
can be immediately removed outside the pressure cleaning vessel thereby preventing
re-adhesion of the contaminants, and perfect cleaning for a variety of objects to be
cleaned is achieved by forced agitation derived from ultrasonic energy, resulting in
cavitation within the solvent, bubbling affecting the entire solvent by its expansion and
formation of micelles.

2. Cleaning equipment using a high density compressed liquefied gas
wherein a closed recycle system comprises:

a pressure cleaning vessel (1) provided with a cleaning basket (2)
supported in space within said pressure cleaning vessel for accommodating the objects
to be cleaned and a plurality of nozzles (3) to emit a spray of compressed liquid (5)
directly to said objects to be cleaned, and atmospheric containers (10) placed over and

connected to said pressure cleaning vessel, said cleaning vessel further provided with
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At nospheric containers (Atnospheric pressure space) A vapor path tube A
liquid supply tube A high pressure tube A solvent raw material cylinder A
tenperature control regulator A box A tube An entrainer vessel At8UBR 205
tube A high density conpressed |iquefied gas supply cylinder A tube A

brebsure. BUABCYF PasiiiR SGeammell (1L heg R A w8 BoiemE e ctitming gL sy st em
wher ei n obpdsdund wave Rendhoa@d) difectedtbRasM said iﬁlk)@ﬂé}iaﬁiﬁ d¥posl IndhSsigont act ed
|

by a high density conpressed |iquefied gas at S near- critical point
state as ®aBanfwed sleaniagvessel; i nj ected from outside said pressure cleaning

E i _ e cl eani n
Uhe. i g densi 1y cARrese s Eruar R Ehiinbdy B, RERNRY Biufhe sy > 1"

l'i quefi edtcggseratartand piaeed usddrand brinalédorh Saidpréseerd cldaniigivesdetdl)tfor a
recovery tank, or_a separation v stie' and .deconpressed to reduce the

densi ty ofeceling the ysrekgleapingliquid atterdhe lsanipg prosessad having adkaipicylinder f or
separati ogy ' : ] ont am nants or
impuritie 6|) g%slfgy% @P%%#gi%agﬂs&gma%%gﬁgrrlégo%}yé%%ﬁﬁessed | i quefied gas
and stored for reusajghademsithosinfressed liqaefiadgaamubplecylindet @ts) aguippddvent ,
wherein a hllih h de?si tg (i.orrpressed I%@u?f i gd as.existing in near-critical
and super &thineags fcoptrotliog dempesgtuee apd placed greraitid Pressurerlsdng Yessslst er of

sai d sol vefntsei i MW Tell: hE | il | re
generatin gﬂo? g\j1 ? é%ﬁ%yﬂ]\éggg%% : u ngg ?ﬁgllr{gé gg‘%é lIsrgglsoﬁ}l "tf?% %@S%arg‘\%ﬁ’%ﬁ

pressure désséldl dhad dharageton recapong thatupper vapor themfrefract i on wherein for said
high density conpressed.liquefi as the closer tq its critical point,
the sl er  { he_eneragrpibg et ity ARpadse and sSRhetiholiby Hisfend fne

l'i quef act 'bawcays&@ﬁigﬁr&nsiw%dwegwmhﬁeﬁeagﬁg Sipgply c;&/{ﬁ]]idé‘r @8} ai daierence in
e

| evel backed up by the vapor pressure difference, le in the pressure
cl eani ng Peessse clegmag Mesghl demsdt y conpressed |iquefied gas is sprayed to

the said vessels for supplying and receiving the respective compressed

liquid are communicating between the respective upper portions thereof for providing

communication between the upper vapor in the respective vessels.

3. A cleaning equipment according to claim 2 employing a high density
compressed liquefied gas wherein said pressure cleaning vessel is provided with a
plurality of exchangeable recycle systems, each of said systems comprises a pressure

recovery vessel and a high density compressed liquefied gas supply cylinder.

4. A cleaning equipment according to claim 2 or 3 employing a high
density compressed liquefied gas wherein a solvent raw material cylinder (6) is placed
over said pressure cleaning vessel (1) together with means for controlling temperature,
said solvent raw material cylinder and pressure cleaning vessel are communicating
between the respective upper portions thereof for providing communication between

the upper vapor in the respective vessels.

5. A cleaning mechanism having a function for preventing re-adhesion of

contaminants which comprises:
a pressure cleaning vessel (1) provided with a cleaning basket (2)

supported in space within said pressure cleaning vessel for accommodating the objects
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objects to be cleaned for pre-cleaning massive contam nants so that the
contam nants can be imediately renmoved outside the pressure cl eafilhl 2105
vessel thereby preventing re-adhesion of the contam nants, and perfect
cleaning for a variety of objects to be cleaned is achieved by forced
agitation dbri ved fromuyltrasonjc energy, resulting in cavitation within

t he sol velitbe deansii npfusliteet norgles k) ta st aspsey lsemnsgssed Hawd 6y diresHy and
formation -4 i i - USI I ity

conpr essed 11 TRaF e by dearit A oGP RIS BetliBCLEE Lo, &
pressur e coreroieddp sad pressurd ylepmioy velzel, wdid bleaniap @assehfyrthaspretide@withsuppor t ed

in space within said pressure cleanihg vessel for acc dating the objects
to be cl e%%%}_{aé‘?{(foﬁmbtﬁ?ﬂ Iﬂlwpﬁ*"er?[&bz‘%é@sﬁcg)“ 4"888“‘?‘? 03%&0%‘“’6‘5 V@_ﬁﬁ?{)ressed
li qui d (5ind eHun@Wav¥ gbersiBlst12PaiR& S thRak ssiliSAPSthr aﬁa@@&%%ﬁfe&réi&e

cont ai ners (10} pl aced over and connected to said pressure cleaning
vessel , swialls ef wah¢lagningyesetl; f urt her provided with 18 19 JAN 2005 an
agitator consisting_of an inpeller ),~ di sposed..in the.bottom.of said

ci eani ng vessel an8PE5tHG r‘%\‘/’ d’@f‘lsgét‘%ﬂm RESh Wil msans{er £ said

i mpel | er  atbettiteree dubdidindRd Sindé anddrdreh&f fr§1ﬁisdidcﬂr6@ﬁferkgea(ﬁ§%3@séela
pressure recovery vessel (14) equjpped with nmeans for controlling

t enper at ufle farigeqivine dbe wisd slcaning g shafles therdlenmingardcegss tagsthee withaani ng

b ocess. athaUirE b ARG, A5ETE FO0 e bBr P ettt B o e

sai d pressure recovery vessel; a high density conpressed |iquefied gas
supply cylinder (18) equipped wth neans for controlling tenperature and
pl aced over said pr@ssur & Beibahforprertiag cleaping egypment gnpleping digh

conmuni cafy | ] ' -vessel (14)
and stor ag%argp %%@EE%%@ i “r#@gtﬁ%]degél}%%%érw{/@%%t}%ﬂg?é@?ﬁ%’e}aﬁegﬁérg%?nﬁg vessel
(13) di sposesinanbirgimypecities whadhfarayiffitudt theedidsolved obelieivednn aairgldhigh
density c ressed |iqyefied gas supply cylinder (18) and said pressure

cl eani ng 8%%%@?‘?153?533:1@% ?‘Hgfiﬁe‘é@ﬁ InpRfs 2k GleAngd é\{ﬁawaemsi@iom ¥y t he
respect i VeiH0dR 9985 « hvifshFica; ' ' ctive
upper porfﬁiﬂ%ns tﬁer eofg E&Bpglgv{l%pﬁlgm%ﬁg%feﬁg dgg'yﬁg%%g{%mvﬁ%ﬁdfﬁﬁﬁpper vapor
i n the rebpbdiyilrpphhesigdlipoplilic foletrda thegobrut thrergh aacotadiengessa tel ai m 2

enpl oyi ng_a _hi gh _densit onpressed.li.guefied gas wherein said pressure
ol bani ng vRager telEhRiela ehaRoR St v CifiDe nah ek fcielyS) o
systens, prReéntRE-a8idstbnSfThRIAR SN hhd BRsAInPrEvdiees ark @6R%AIY wigssel and a
hi gh density conpressed |iquefied gas supply cylinder. 4. A cleaning

equi prent faaesdgeaiorg] bydhe inapast enasgy af thenjsit siyeamy frarhihg nozzlem savitationnpr essed
| fied YNe . terial. i 6). I | d
sai'a pr oot SR BY ity Bals el R B et el et s of T g

t enper at ufedoubling said improvement.

7. In a closed recycling system wherein objects, to be cleaned
accommodated in a pressure cleaning vessel are contacted by supercritical fluid
injected from outside the vessel through means for providing a supercritical state,
agueous and organic contaminants adhered to the objects to be cleaned are dissolved
and transferred into said supercritical fluid, which supercritical fluid containing said
contaminants is then transferred to a separation tank and decompressed to reduce the
density of the supercritical fluid so that these contaminants precipitate for removal, and
further the supercritical fluid purified with these contaminants removed is stored with
its density recovered for reuse;

a method for cleaning and recirculating solvent, wherein a high density

compressed liquefied gas existing in both regions of near-critical and supercritical state
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said solvent raw material cylinder and pressure cleaning vessel are
communi cating between the respective upper portions thereof for providing
communi cati on between the upper vapor in the respective vessel s.!95JANA0S
cl eani ng nmechani sm having a function for preventing re-adhesion of

2 cl cani ) LRI 262 ONelh 5 et FRL AL s feoNER 1 A Hoottioh Cl caning
vessel f Ofeq@RffRRMIER @R khyMigh PRsORE @Ehtatin dIeQ%céW feeddPudder PRsélr&aned, a

plurality of nozzles (3) to emt "a spray of conpressed ITquid (5) directly
to sai d objseking from buapirgaeseure daffetenterhsbpdeaniaporizativniané ligu¢fadjonpl aced over

d d id S I j I id cl.eani I
Fur ther pRovieti” s eRHERY chr it el PR g, hedfbser b GIthasiar sposed

in the botHeamalkr &aiedexgyea;{mﬁreg forempetization by heatitk s ReMeRer By &dolingl2)
directed towards said I npeller and di sgosed in the side walls of "said

cl eani ng drdkegravidy spteagraset didigiancy in/lseeldackeray the ypeat prgssireneans f or

control li af-ur ' . branched .fro aid
pressur e SexrRERaR e Ats R B S5, (NG QR EPRERRY TRRRY ar 1 or
t he cl eangags ppragess thoggedieto b ¢lbarrd fokr e lcaning MEREIvE tontamieiaathsabl v
suspended from under, said pressure recovery vessel. 6. A nethod for

: y .
oper at i ng'ét B4EPRGMRARS Ahbe ERprdgtelyemoyed oueds thapresshisrdersing Yeseplef i ed
ases acc : - e 2ASES, vin
Prpur i £ ogeney oS Ppalicstl R g cohyindyb S ebicel QenfifE RSB/ "D, o1
density cbyfireskagitationgrestitiad iges/itatiomtvithinthe tslvemtand beblslag affettipgehent ed

fromre- adhesion .addi ng, hydrophilic, lipgphjlic surfactant or
sur f act anfMAESPIXENt f‘ISrﬁxPﬁrgsfﬁz“ﬁ‘b‘ﬁWaﬁyﬁfI%ﬁ‘%&ugI’ ATP; SEPRARNE sol vent to
the sol vepintinlie@ e ptolls bRIB8KINESEEE sbQeniCr €at e so-called mcelle

phenonmenon whi ch i nproves cl eani ng power and functions to prevent
re-adhesi on of contam nants, and these inprovenents are conbined with

forced renoval oy t i npact .energy of the .et,streamfromthe nozzles,
cavitation cr ggt ed ?ang&’Enﬁ?IIaSI‘F"IIII'I??“PFWBtlhIﬁtq”é‘iBIﬁI“b‘ngvﬁ%Pmﬁﬁ‘bW ng

t hereby phicplas@mibéniprigiggoubl i ng said inprovenent. 7. In a closed recycling
system wherei n objects, to be cleaned acconmobdated in a pressure cleaning

vessel are cont act edppsuse pleaeing vessal (10 uprdvided péthtacdedningbaskiet<i 03 t he

vessel th for.providing a supercritical state, ..aguweous and
organi c CI?:)“%II g%d;g%{'%ag% étIIlélas aIager %@Ieo%f%'&gsv%s%elg%r CFERHE, atéIIgghIai ssol ved
and transblgedteth bawleareaiafld 2 pREAK o neadlesi(103)to et £&provorsdfipredsedl 1 ui d
containing said contamnants is then transferred to a separation tank and

deconpr esS@td dgestiyfasaidiabiecterpsiclspned, spidelepnpariessel ftier prayidedsth hat
1o ConkA R 1 B 0 Bl A Dl g 111 )
recover edvdseel andusweid wave generators (106) directed towards said impeller and disposed in
the side walls of said cleaning vessel;
a pressure recovery vessel (108) equipped with means for controlling
temperature and placed under and branched from said pressure cleaning vessel (101)
for receiving the used cleaning liquid after the cleaning process and having a drain
cylinder (110) detachably suspended from under said pressure recovery vessel; and
a low pressure expansion vessel (112) equipped with means for
controlling temperature and placed over said pressure cleaning vessel (101), said
expansion vessel providing vapor-phase communication with as well as a recycled

supply of liquid phase to the pressure cleaning vessel.

9. A supercritical fluid cleaning equipment wherein a closed recycle

system comprises:
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a nethod for cleaning and recircul ating solvent, wherein a high density
conpressed |liquefied gas existing in both regions of near-critical and
supercritical state 20 19 JAN 2005 is enployed as a sol vent, the ?@HEN?W5
transfer of said solvent is achieved wthout requiring use of any high

pressure generating_device by feeding under pregsure resulting froma
vapor pressure diff8f ﬁﬂlggﬁé%éMﬂn\?ﬁ%ﬁwgg?Flﬁﬁn nd |iquefaction wherein

for said high densi h]ﬁigmim&iﬁﬁ&ﬁﬁbrhés%ﬁghﬁﬁd%s ﬂa)@y@ﬁﬁﬂefgm#c}lﬁpﬁéai tical
y

point, the smaller the energy required for Vvaporization “heati'ng or
| i quef act With mesang fu|congolling tempyyatyreaanidipjacsd pvérrrgidnressuragleaing egsegice in

el eani ng VLB e 0ol ROREBIeFIS Ry el S el it Brealrt KRl 20 T

t he obj ect&sstlql 08 st borecpivirgahe appenFapmabérgRomONt am nants so  t hat
t he contam nants can be I nmedi atel}é removed outside t haﬁgr essure cl eaning
vessel thereby predptrapervesssliids) epnngeted halfvanthg didnidhieed lingbetyeet ect

cl eani ng | i it ati j i N 4Cavi i Wi t hin

he. sol verd Bl R cobro B8 Rinditholddt b 3t (3] el Bl i O

whi ch cavcleatingwesaeid 10Lpbhd ng are secured and continued during process of

recycling of the solvent. 8. C eaning chanismin a supercritical fluid
saig ship

cl eani ng equi pnent, PEFSS%EW&W%NP?? Piqu#gare%ufﬁrre%%fa%veé%&m%g_ vessel
(101) pr Oydi@ﬁ%hv&ehélmmdeﬁé@giﬁwcyﬁﬁa&%2%8?%%&%%@5&% de&eﬁgl%ftg&%ew thin

sai d pressure ¢l eani'ng vess f‘or acco dating t bj ect cl eaned
and a pl ueahmupcatingiletwkasthe 1GpEctive uppert poatissrthgreof foc pryyidisged |i qui d
directly to said obj ecﬁtgs t% be cl eaned,, sai d cl eani ng ve sel further

provi ded WTW““‘&FH“‘HB‘?% Et e REY PPN e IEPSCHBR M Fssr IS atYelirYhosed in the
bot t om of napkidl &f1RasH (196) KPPRed 0 daRIPETuNARIRNARNRER OF( ) bl flovilienect ed
towards said inpeller and disposed in" the side walls of said cleaning
vessel ; awpheesans &rcensolding terepssatire; agBgstablishipg eammiunfeatiem withfthe

control li N . Lemperat yre 1atnd (pl aced un%ger ag&hbr anchged from Etai d pressure
cl eani ng VE&LEY WETB’B °POr O SRS hE YRS R FERRING UPPHHG AR ¢ he

cl eani ng providRsscotiuhiadtiditbetwedniths upgetvapstan tHelrkfPectoé a6h8abl y suspended
fromunder said pressure recovery vessel; and a | ow pressure expansi on

vessel (112) equi pped with nmeans for controlling tenperature and pl aced

over said pressuyre ¢ 1ng: I T ' v | providing
vapor - phase coﬁ’réimi (éi I oh&\g\}%ﬁﬁ‘gg C\I/ve ]?léggmgﬁ{re gﬁ:‘i?@%%@”@ﬁ%&f@%% liquid
phase to $hkenpcassiges: cl eani ng vessel. 9. A supercritical fluid cleaning
equi pnment wherein a c{?os,ed recycle systemconprises: 21 19 JAIL 2095 a

cl eani ng mechani sm AEEBRAB MFChHIUN FF4Arging to claim 8 ;
a high density compressed liquefied gas supply cylinder (124) equipped

with means for controlling temperature and placed over said pressure cleaning vessel
(101) so as to provide communication with the upper portion of said pressure recovery
vessel (108) and storage for receiving the upper vapor therefrom; and

an entrainer vessel (120) connected hatfway the liquid feed line between
said high density compressed liquefied gas supply cylinder (124) and said pressure
cleaning vessel (101); and the solvent is pumped through a high pressure pump (129)

from said solvent raw material cylinder (116) to the pressure cleaning vessel (101),

11. A method for operating a cleaning mechanism according to claim 8
wherein, in cases involving impurities which are difficult to be dissolved or cleaned in
a single high density compressed liquefied gas, contaminants are cleaned and prevented
from re-adhesion by adding hydrophilic, lipophilic surfactant or surfactant having
affinity to both hydrophilic and lipophilic solvent to the solvent through an entrainer
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a high density conpressed liquefied gas supply cylinder (124) equi pped
with nmeans for controlling tenperature and pl aced over said pressure

cl eaning vessel (101) so as to provide communication with the uppefAN 7005
portion of said pressure recovery vessel (108) and storage for receiving

t he upper vaaor thereﬂéﬁna an Fn rai ner vessel (120) .connected hglfmay t he
liquid feltFStinEreaisRedted mirg) emﬁ"ﬁ’ﬁmag}?éli“( ch BrRsP YR g RS @8] gas suppl y
cylinder fhéddn 8fiskedditihgRE-BaRUI ofcbRAMIMMyessel (101); and said pressure
cl eani ng vessel (101) and pressure recovery vessel (102), said high
density liquefied gas cylinder (124) and pressure cleaning vessel (101) are
communi cati ng between the respective upper portions thereof for providing
comuni cati on between the upper vapor in the respective vessels, a solvent
raw material cylinder (116) is placed over said pressure cleaning vessel
(101) and provided wth neans for controlling tenperature, and
establ i shing comrunication with the pressure cleaning vessel for

comuni cati on between the respective upper portions for providing

comuni cati on between the upper vapor in the respective vessels. 10. A
supercritical fluid cleaning equipnent wherein a closed recycle system
conpri ses: a cleaning nmechani smaccording to claim8 ; a high density
conpressed |liquefied gas supply cylinder (124) equipped wth nmeans for
controlling tenperature and placed over said pressure cleaning vessel

(101) so as to provide conmmunication with the upper portion of said
pressure recovery vessel (108) and storage for receiving the upper vapor
therefrom and an entrai ner vessel (120) connected hal fway the liquid feed
| ine between said high density conpressed |iquefied gas supply cylinder
(124) and said pressure cleaning vessel (101); and the solvent is punped

t hrough a high pressure punp (129) fromsaid solvent raw material cylinder
(116) to the pressure cleaning vessel (101). 11. A nethod for operating a
cl eani ng mechani sm according to claim8 wherein, in cases involving
inmpurities which are difficult to be dissolved or cleaned in a single high
density conpressed |iquefied gas, contam nants are cl eaned and prevented
fromre-adhesi on by addi ng hydrophilic, lipophilic surfactant or surfactant
having affinity to both hydrophilic and |ipophilic solvent to the sol vent
t hrough an entrainer 22 I 9 ] AN 2005 vessel to create so-called mcelle
phenonmenon whi ch i nproves cl eani ng power and function of preventing

re- adhesi on of contam nants. 23
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