SPECI FI CATI ON : METHOD FOR US| NG H 6H DENSI TY COVPRESSED

L'l QUEFI ED GASES | N CLEANI NG APPLI CATIONS  Technical Fiel d: This ..

i nvention entitled "Method for using high density conpressed Ilquefled
gases in cleaning applications" relates to a cleanln can

achi eve' high efficiency at |ow cost by using a series of c apﬁ“ eéﬁwamﬁﬂgs
cleanlng fact-ors, such as physi cal e§ﬁﬁfﬁﬁ££¥ﬁﬁp cal for & and
provi des a new system for the recycl e—afg~eer+eul ation o ﬁmml

sol vents without any expensive high pressure generating e h as

conpressors, high pressure punps or ot hers. Background Art:

Sen1conductcwi§€¥1 e reafter referred to as objects to be cl eaned
are placed in % ﬁ;g E% e i ch supercritical
fluid is fed for c ﬁ @ﬁ%¢$§k9¢n eaned by contacting
with supercritical LEQUEF ﬁésrﬁﬁ SN SPLEAN &P@Ir%ﬁmﬂs es adhered to the

obj ects. The supercrltlcal fluid is circulated. Wen elimnating the
supercritical fluid in which these contam natns di ssolved framthe
pressuri zed cTeshmicgl Weebdtl by a suitable neans, the objects which were

preci sely cleaned afrwti‘,ﬁaag@on%a§mtudem%nga093ﬁsu;m g Hign"dehBPty

objects required in so- | S _unneces since the

super criti cal COTRRESFSPd Llavef ted 82963 o F;_*E%PW QPM%%SFRS B%% %t #Fon.

H ' 3 IOOSSlhbI ﬁléﬂlirn%uﬁéaﬁéke whiglerain htkpevd high émamﬁfcaﬁWlermstLbyl cal

uids with t ove-enti tan1 S I

cl eani ng’ vessgsiﬁgt% 3f §§§a$gt 19%%3 ?‘%P& a$ec§b mit g%éfgr%fd &1 S?he

solvent is sephysical anersxdqehs@tn&hﬂfnamnsan&ysntwﬂﬁﬂansametnﬂpeadewn&|nﬁH

ASfShOVW" n tBgsted. f&?(%h%C9EBy€Ibf%ﬁ%@@%@&?bﬁlé%fﬂn @ theaning solvents
without any expensive high pressure generating equ;pments, such as
compressors, high pressure pumps or others.

: Background Art:
Semiconductors and the 11ke hereafter referred to as obJects
" to be cleaned are placed inside a pressurized cleaning vessel in
which supercritical fluid is fed for cleaning of the sald objects to
be cleaned by contacting with supercritical fluid and dissolution
of impurities adhered to the objects. The supercritical fluid is -
c¢irculated. When eliminating the supercritical fluid in which
_ _ these contaminatns dissolved from the pressurized cleaning vessel by
N a suitable means, tha objects which were precisely cleaned are
“obtained. A troublesome process 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-mentioned 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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REPLACENENT SHEET states of the pur e substance andmli&eemiaenéeﬁk&ﬂl&@d _
state, thisis the latest techni que for cl eaning semc at es
by using the fo owing two characteristics of the super ﬂu!uwuiﬂb n |ts
hi gh density fluid state. in which condition of. préssure and

the near critical ion is P> Plerr] (crirical pressure) and T.> T[err]
(eritical tenﬁéﬁ'ﬂﬁmg’) the pure gyhstavce andt its muppreridigat sytate, t thigads| y

olbt ain a glr3 Ieail:he Navtgat i tectiritgiet Homicl Bartl gl Bﬂﬂccﬁhmle SbsBreteE bg - udthgi S

al so possible e i1

solubility of ds\%bﬁqg%%h ggél %%E%éetfr g&ﬁ&% r"ihéo% r%{%?gid@#éﬁtw ﬁ'ﬁ@r eof .
Characteristi 8igh ¢ﬁ§8u§$sf1%d¢ﬁsﬁat§uparuhdchcabnditnmntnﬁ;nnﬁssmrsceadty
and hi gh di f f 4ghpebltabb@sothd thdsp %'rmt'ie&lt Pebighi fly pherEf rc‘f"iri\'!ﬁb? a
characteristic is ad anta eoui W&g iiu bst ance™ myves. he pricliple
shows that fi Pg?ﬁpm scGoitieads tenperatderitical fluid can easily
enter into narrow mhaeacaemﬂstrievlceit isQodgiblaotd reasyly fabtatihea ggreatof

hi gh vi scosi { knhHek o qehBeed 's}ibgtggflﬂh%heﬁgﬁ%#) d éi‘eﬁé)tfreco 1gM s

adhered or penetr espec stances.

Secondly, theP8BaiRle f¥hrPEREY & eEant rfgifaseeaee cmy .sglamweeemw fthe

supercritical sblubilitgnsfrisubstariceeis dint gehdralli, ngrapobsicraleto e Hbssity.
cont am nant s ?Er d| vi ded between solid and I | qui-d states because
solubility of e said contam nants i s weakened by decreasing the density
t her eof . Accor di nglGharpatemissic iienfherdensity ofhassupsnserddicaic fluid thasse

Z?{rg(r)n'?ﬂe chﬁ mudemwwan@gugﬁenﬂtﬂmw ﬁtﬁ&@{ ?‘Fl)fﬁ%i’n?ﬁ%?' tq liquid
sypercritical L@F}' @pesegﬁﬁh%t §£ 3 H?{ﬂe&sc‘i“i ﬁée‘v’e’s§ Fa c%ﬁ“{}%t%nccﬁr ed

and recycl ed MO¥EB4¢i ng in a cl osed recycle system Appl i cabl:e gases
in this.i nvent i on aTie @rieep]élishondethdt trri%%l XiHe 18&“@%03&'&9 @{1%%“0'

the |iKke. n_di oxi T sui tabl e e since
151 nont | amiapPReLEle) ERO0RAS| QX cnbor sHEe afien 2opse ha ot evices.
tenperature of On. tieeeoqtrannd far ditiet case opreighuyiscos £ thersoty Syhec L RELd
In such a recmlsehgmﬁts%mhﬂﬁlttboﬁ@zd RReY Pt Cilieted | & b LAY 1S 1O
can be acconp essyre enerator such "as_ conpresSsors,
Can oe accomp uiietath . efetldllyPotgles, Sitihetosn. * Fakondny. The-abiver
2 E mentioned cleaning operation is achzeved with the supercritical
fluid containing the contaminatlng substance, and the contaminants
can be divided between solid and 1iquid states because solubility of
the said contaminants i3 weakened by decreasing the density
thereof. Accordingly, in this invention, it is possible to recover

. these components by a decompression operation in & separation
. vessel. '

.\-// ] .
After the contaminants are separated from the solution, the

o purified supercritzcal fluid used in the pressurlzed cleaning vessel

- can be stored and recycled resulting in a closed recycle system..
Applicable gases 'in this invention are carbon dioxide,
nitrous oxide, ethane, propane and the like. In particular, carbon
dioxide {3 highly suitable to handle since it iz nonflammable,
nontoxic and inexpensive, and has & critical temperature of 31.1°C

‘and a critical pressure of 72.8 atmospheres.

In such a recycle system mentioned above, a general £luid
tranfer method can be accomplished with a high pressure generator
. . 'such as compressors, pumps, etc. to meke and keep the supercritical
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state. However, such equi pnment as cl eaning eqw prment s ar B Replacercllce
‘these equi pnents need the high ability to generate high p u m\
- further these nmethods .are known to generate fine partlcle

detrinmental to .t.he.cleani ng process. Even though it is possible to

defen]gifgnlty upedtd ne nufevey, %ﬁbﬁ%ﬁ\ﬁﬁm%tcéff&ileﬁﬁinéQé"qu@pﬁéﬁﬁs wWenybRys is
ot, e ctive

and/ or ult ras?)‘?ﬁté Iegl"‘é\%\és g}%{-" %}‘{}ﬁﬂ?ﬁ gng%g,tggm‘iaﬂ g gﬁaipa ﬁ%%hﬁgl’tll on

cl eani ng act i presshire ,vand oftsrshent sheseteshodsbere ¥fdwnuko . genatiageol ine can

be effectivel gaﬂ %ié’é ‘(:ﬁgt"&rlahdé\ﬂ%&éﬁe 7 24 +28 &%Iaﬁi‘ﬁé‘%??ﬁ The

above-nenti on aracteristics o supercritica sg are to include
near-critical flui dyenasheyaiiuiti iSiPRSIPeste dlePeRapeRlat gPendthgyudm 8F Fig.

7, a near-cri amﬁéntélwrdcmms ftdirah dasel Whah eXistia hdt efeestdvghbauisng

region of the I d S e

and a corrpres%géigﬁgﬂF? |n t egg én?éiﬁd&ga@lr e |caq§‘l 8|ng/ggehave
distinctly. VAREresenis amersuefmanrmttmsacaw@qmno#nt peday g& dmpartal
region of- thecmeas Ladm:nr eOTRE Wi IfusaBedCahivars tbCché afmefua&uu:e s

7o'l ol o CRUSHAG SR ReceLRaet sty dtlssgived Rt eatrsthl loed B HReGerelr oo

Publication No. 7- Iﬁembve-im&onemm&'anwd}sm;cm oﬁeﬁmsapencmmdan.gﬂmdnsi ty

I fied
25 95t el Bt A o o g,

features in siPEPeRavHRe &dapait of lﬁﬂal 7caﬁ F’Gﬁr‘%ﬁ“étbc%ﬁh‘éi%de‘?%e%%ﬁe
control provi d'edid rexisthebmithg nNefghdbusig t-bgimsef?)thejldru.aﬁm potmeragpd f or
cavitation. f/% r p% a i e
means to lrrpr%lle [o egglaghx f?'gsgn% ets#e% Wgﬁgé)udrrfaata %mgfeé’é@é’ % hi gh

density |iquefitBYdYyd8 FRiS, reptorhiang Wéﬂ%"ﬁﬁ TRIAB pere e pt thdBeb ¥ or om
ul trasoni c endhgy.exists in thoumuercrithesl reghar obeﬁféﬁsngendmsmai region

Publ i cation i Ses I u t

i ke are enpl c?;;eghé ne&ﬁﬁwﬁiﬁ?% {:Rapcﬁ gr&a&% gﬁé é‘?& 5 eIE e gas I n
a process for ﬁ@%\ﬁhﬁgn%f)ﬁrﬁ a8k dengity ddavefiedngasol vent in a closed
recycl e system Mrgowy exgmsld, CltBSre’:lri@ at bﬂipl@oaladnmnﬁmmm tthepedifce

oeher nost FIREE" LA Lo e ol ol PGPS 1o B
use of these rﬂ1@ﬁ5b;€xh§§hetg%gngs a means as to a high density liquefieg gas
used as solvent in the critieal region and supercritical fluid but
requires high pressure major equipment components. .
The features 1n_said'Japanese Patent Publication are a means
of tempqrature control provided in a cleaning vessel and the use of
_ ~ultrasonic ensrgy for cavitation. Namely, what was described in
N said Publication 13 only one means to improve cleaning efficiency
- with temperature control using a high density liquefied gas in a
cleaning veasel'with cavitation produced from ultrasonic energy.
However, this method ﬁeaching in said Publication {s still
insufficient for reducing cost since & pump and the like are
employed as the power to transfer a high density liquefied gas in a
process for removing contaminants and recoveriing solvent in a
closed recycle system. Moreover, particles and other contamiﬁants,
either as metals, inorganics, degraded seals or gaskets or as
lubricants, oils or other undesirable fluids, are introduced into
the eleaning system through use of these high pressure me jor
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equi pnment corrponents Furthernore, in this rret hod nent i onedaDSH4E Hab Beeh Replaced

- not sufficient to conpletely renmove-contam nants by cavitati o
agitation for . supplinenting reduction of the cleaning advant mm r D
perneability in a supercritical state because only the parti .

contam nants are renoved. Although cleaning in this nethod is carried out
-%l mer si ng equipoehtecopponents. clFuntkarmone ) ilguthisveethod sentidhepatous) e for

itation, copt@miaheeidiehd ol éﬂﬂﬂld td By admﬁfeec&imimﬁsow %a%&s&lfsnt 0

many solid con mnantsaﬁgln in,t r|or
&

art has an i-nttHy SHFERS8 o °%§8§L§@pﬂﬁﬂ?@i}n§ ’éedr"é’%g%a‘?f Ff&} 8%
anot her pr oceaévdmgacbfelviglg pepngAEfld tyl bard rappeForiticml 8batd i’oecaase of

hi gh d | t th
gf: ?ugcgl Itgrrpgﬁ ure F&ﬂ&%‘l? pﬁ‘fhc‘tﬁ& éﬁﬂﬂ&ﬁiﬁgﬁ [ﬁl'eazsem%?tle\ien A 3?9 €

vicinlt room-t er;perature it

expect ed t hat CLeAHHART HaHds patdpd o ﬁaF’WCﬁGgQHFCb SEPRRHINE, ”}ﬁ)PHJe%’ﬁbﬂances
and ot hers hawenglesned kbl quiar abiehi $8i C8d D$pdresat aliffioh caviithgidngsol ve

o Peni et Yob ISR B VA SRR KRS Y90S, AURLL8L Wlp ey
antici pation &pbhd conseslnantshdeingd:n ahehdiquwidsh Fhus s fsuchl 'a pethddedncan

be sol ved si Hoza t | RHY 8N ClhebfVer 18 Sdekab u%eakéét:%bwas a ra-cié‘aﬁi‘n w of

t he above- man oned cont enpor ar rcunsf ances ar
difficult to PHRP e rrg %“t%?vt" i‘ﬁ%mﬁn FBﬁ‘? %)“ﬁfrog?’c'fg‘eg'new

met hod usi ng &ohithe desesnt‘yusmguefhigﬂ @mmitprlmubﬁ‘mdl g8s tineluding €&dwast i on,
remar kabl y p0§eif,a&z qiaeangnaxe %1e££@9tﬂe\ﬁ 19 Hﬁénﬁa‘mm £ i@
§

S Lok bt CHRC e

contam nant s
even if the sdhorganicasompounds, potar subspamcssuard iotheie bavd:ngnrte;nanxatrleom

tenper at ur e cha%éﬁﬁ?ﬁ'ﬁ%%fcft %%xpgvgﬂm&n to disEBLPQabO Il ARANY0 | N

this i-nventicon 1's achi eve oW n aning equl ment

usi ng a hi gh JeRevey %Y)‘P&)rfe@%‘tﬁi‘ IeP&Uéf-Féﬁsg‘wmﬂnfﬁrcF%WQ%&h@

EysLem conprii aning ef&e@tesﬂ‘héﬂeﬂdmnaﬁgth@webem Q\zlmdedthfehis gheni ng
asket

n_s hi n
sai d pressure (r:xl’cé.g%fmti%nesasmeo'ngf S'P"‘%%c et Fﬁ?d?hgpqg %’g‘schto ggﬁeﬁ tr‘f'ed
and a I0| ur al i tpg'od:f q{bzezqzésbe solved simply an improyed for indus;mal

applications. -

" In view of the above-mentioned contemporary circumstances that
are notad to be difficult to improve, one obJjective in this
invention is to provide a new method using a high density liquefied
gas for achieving the cost reduction, remarkably pouerful cleaning,
an effective cleaning means for solving a difficult problem as to
re-adhering and especially, a'complate cleaning of contaminants
consisting of inorganic combounds, polar substances, etc., even if

the solvent has the critical temperature in the vieinity of. room
temperatura.

Disclosure of the Invention:

A method for cleaning in this 1nvent10n is achieved by the
following means.

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

a4 pressure cleaning vessel pr-ovided with a cleaning hasket
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to emt a spray of conpressed Irqurd drrectly to sard Obj &W““d
: cl eaned, and at nospheri c container.placed over and’ connect
pressure cleaning vessel, said cleaning vessel further pr
agitator consisting of an inpellern disposed in the bottom of said cleanrng

| d d. t i 0h ed
Un-said wal & SRPoURKELTER BRLES OGN 88 16°HEe8,5E S JdHNES Faslld FLRPOSC
ﬁﬁr pped wi t hageemedating coe Pbﬂ'?qtﬁgt@ dpelel andor rﬁlélt?élsli%d rnegzd es
Fr ancgedf I r Omttéaéﬂjﬂo"aeﬁ%,-e"ﬂ&aﬁ*éﬁgﬂﬁﬁmkd fdl.&-gécpyemw flﬁdt b@;egzsdw lw@ani ng
iquid after the cleani ocess and having a dr r.de
sugpended fr offi-GRYEF r&d g é%@'ﬁré Cr e¥hRe gv@‘sas%q ovér nrbg%ﬁFﬁ é%éﬂ??
conpressed |i gaddi prregaursuppbyning mudksreleqBappedlmnmmﬁbﬁur‘ther
controlllng L eRBeIdid kel Redater %ﬁélﬁhg araﬁsmpeméxe%&sﬁ&euesﬂneso as

to provide co nicatjon wt €e ortion sal d 8 stsurs recovery
vessel and st OPESRT{Qf sﬁéeeﬂﬂ%nﬁh sé‘ﬁﬂ)eﬁn‘%éﬁdfl t‘l’ﬁaVreerSF or diregy

entrai ner vestgkabdsmEaiddinpel leenard tdigpbséd iy sahé vfaéedoflsﬂdbe_lwdmgs_ai d
hi gh density cv%ggéle sed l'iquefied gas supply cylinder and said pressure

cl eani ng vessel’; said vessels for supglyrng and- recervrng t he
respective conpress?eﬂrﬁfq{’é‘ﬁd'%oeeﬁbmﬁﬁlcaﬂuiﬁ’ge StiiR dpeanf £ are SPRETLL VB pper

porth?s therara‘mpfe@racnbavadu nmmmwrz\ueat RR8 beindRd theaupped pressurien the
respective ves; n

advant ages .of eﬁf‘bﬂsdveer'f‘r 8‘38??‘% egage\%gf gﬁeﬁ%@ gqﬁ@r&gge{‘] egr ons
of the near- crileaping rmgpensmd hanelngupednadnt ybindesgdeficchablh suseeidad i ng

region of the forioint fidEn g@idﬁtprggghrgeréyoag? GRkkyused. As al ready ment i oned,
thr s inventjon, -it or eatJ ecte

d t
a mai nt enance, and P% Ro s§3 pr ?%F?fgg‘ ec%i?ﬁi&ﬁg%oxsfé‘%é’gxr ‘p‘ﬁg{‘fﬁl Os]uch
as a high pr esenmdppeﬂemématmansimcecomm]dringttempct‘aﬂuresandoptﬁ@eﬂa\;ercaatd ed

out by gravit yprigigubg éféﬁ'ing'ﬁﬂe Ng§ 2P CErdiRR &amrmeaewr»ﬁtﬁn&émder
vapori zed state due to_low heat: orlzatio and

etn or transferrin
|i quef.act i on. UPBRY ROFLIeR L é&génP’aﬁ%’urﬁhEeE?Y?ﬁ hyesgR! o?“‘fﬁé""ﬁ?ggs % zing
conmponent s i n rdeeiging e‘.hermmvev.amrl thepefzamyr ce of contami nants and -

REPLACEMENT SHEET gq %ﬁ’ﬂi’d&héx’- % 581 rrﬁggg%‘&eh aﬁﬁ%étﬂﬁcﬁi‘ét dy \tife ?Ee@ uch

conponents. - Furt her nore res eani ess avin
pressure recovH’&P \Petugen said, d'iﬁﬁd “ﬁirtdnfgﬁi"’deiﬁ%gsgﬁgea rﬁaﬁgg%glsﬂél
for comuni cat¢yighderandt S=td pressiiratclepnimgvesseltaasd ve cont.ani nant.s

al ready. cl eaned by %%Swesseis g 'éﬁﬁt:1$¥n$fad&°%'::§§viﬁé & reshEaLAY
out si de said pressure cleani ng vesse
compressed 1iquid are communicating betweeg the respective upper
. portions thereof for providing communication between the "upper
. vapor in the reSpective vessels.
Accordins to the above-mentioned means, the advantages of a
~s high density liquefied gas which exists in the both regions of the
near-critical region and the supercritical region in the neibouring
region of the critical point can be practically used. .As already
wmentioned, in this invention, it is greatly expected to dacrease
costs of operation and maintenance, and is not necessary to use any-
expensive equipments, ‘such 83 8 high pressure generator since
solvent transfer is completely carried out by gravity set in laevel
dif:erences 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 a large source of contaminants and-

§5/17 -



adhesi on of the cont ani nants, and as the next step for c
. contami nants are cl eaned by further cl enai ng under a’ cond
sol vent, which can be advantageously isol ated and evacuat her

cl eani ngs do not contain contam nants from:previous cleanings. For t hese .

resul ts, the ¢aRA%ILP thendllEs AntD SHs ' ByARR" BRI shh WBipGRE! o to. be

| eaned i s -abs revented wth the escri be venti-on
%cpect ed to perfec% rogre frhe gessine cheaning) ¥eRned BAingsthq pre%sm?e
possi bl e to r epesteryundssal cplazed ng:dantfmﬂ Sﬁdapheﬂm-et tlkeati¢ng rvedsekb\feb of
cl eanl i ness. uﬁ%a%ﬁ?{%@a?ﬂ ﬁﬂert ﬂn?eh?‘égig ollé.? tﬂ%&z%tc.{hgﬁzgﬁifnants

characteristi C p%enorre O Create

bubbl i ng 't hr oB3RBEAY ALeangg Bmsemiﬁ%andoi)rse a%é‘amfeWE &3 & [PrRfien
the sol vent .i glexpipledtsidebild pheseumnsleening sesssliter premndmgmes

bromot ed by a8t Babien Srould HHREEANNT, BATRE e BokE ot 2P bR, 1
sol vent . c\l\benbmsn. dontapipoits are cbeamsst Ay funthen relesailbg gardaragor
for projecti 0'&0% o f l%dcﬁﬁ%”k@lgleﬁﬁshﬁr%ﬁ%nab@Oad%ﬁﬁﬁéégoﬁsif’ tisbeaEer

this energy to er wt n_agal into every vessel
| arge effect “gr‘gc% ol V\Fﬁ% %‘P@" Rselesnings ldPa‘FmpFBP‘@%‘ﬂ SWt%mmntFor
t he case of. drﬂrbmcpﬂeumlm clmingsmt Boe rthese riebalts;atimoichbrce domresddierieh

Singl e comongissiyefdRihindd HCEhELHARLS: <o lvd 2108554 Bl eboretdigye

cleanrng of - |nor§an|c subst ances -an ar “conpound

appropriate sEFPYEREFR W5h Qéﬁ:ﬁeﬁff‘%h?é éBh?‘?atrﬁ%ant?’u%riéh $§%?Fﬁ§t§% X4l 1 ed
m cel | e phenomperdactlyc elédny the sbgectsedof my clodnslt becausenitisnpossibléwd her,

{he_cont ani naighest! ¥aheths 31 AnThEohlendd Yo LRRELD B SrVRaDREILP I

b\e"T)revent.ed fromre-a repréesents an vance in eani
The cl eani ng rﬁ%ﬁﬂwnieﬁst his invention is achieved wth the

6 above- mean aovertage dantiid IREHRNOLS Nsatkhte keeithe EArhOtRIEtic

t f | | d

Copported i o SheHIAEHO® o, SRA' BELYECSEInBERH,5C Ml BoSaEhERTLERANGE
the objects tdmf-)a & Fheelghaut aalér ma;ronsyirbrsaﬁ@)zmeeeum@eémlteaaugwayseif
conpressed | i ciliett ¢heé esllvent oL axgandye@ls h@lﬂoebcheﬁmﬁﬂ-a eaduﬁid:fpaehﬁrl C

cl ean ng vensIRLES, "Mkt Iy i htho §n3§45?a§ e Ry 0¥ Ff"e?
and di sposed i98R be further promoted by agitation made by generating ultrasonic
energy throughout the solvent.

Wherein, it is possible to install an ultrasonic generator for

_projection within this cleaning system and slso possible to
transfer this energy together with an agitator 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 eech of the
contaminants, which i3 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- adherlng. which represents an advance in
cleaning.

The cleaning method in this invention 1S achieved with the
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the side walls of said cleaning vessel, and a pressure recd® Replaced
“equi pped with nmeans for controlling.tenperature and pl aced ;:I uulll _
branched from said pressure cl eaning vessel for receivingt g

| iquid after the cl.eaning process and having a drain cylinder detachable
Zﬂiasuspendedabb@&hueﬂe&bﬁaadcméeﬁshgeméeﬁanean urdseleaning efniphent .

eani ng proc 0 S i i S 4P Wi
a Toansf or cOTTITHCY AmBnrafinecChepfingonRuial froVldd RAF alERAIRR
restore into basketpsuBRONtEdCin BRRRG WishiR Sald, BRARSURE (eaRIRS é’gﬁﬁ?ijl f&¥stem
and wi th suchadesuddd€itig eNE 0B Jedts k6 8Tédned! aridoapsiural by nozzlew ot he
above-nent i ongd @3& ?g%&l on fogea | on H&éi - i‘;ﬂ} 'Hn?i t o @f bt he
Dr awi ngs: emit A Spreyo ok %’@Eﬁ%?ﬁifil q'gfd 4tges 3%3%?@%@?" = 1o be
configurati oncdéanéd s andvetnospherfe gonkasenss péas@mewari gnd cno_nnhetem I%oi pl e
mde i n a preB&itorEpagthd. cEad i Waabel, s ORI B Bg Bréydu B urtaRn! N0
anot her typi c@ro¥idas WEEh #BdRS\iAESR onSLFdng of an_ tmRelder andg ﬂ?é’f?gf‘?é“of an
agi tation equiyh@eside wallsFogssaidl amféarﬁmgsszpssti y aing ahpmmmrmeemrfygr
equi pnents as Iﬁ@ﬁ! Qﬁ§i° [ i,0 1k - gl 42 :
respectively ;ﬁ%\%gétd Y P%%sﬁ Vé{;ﬂéa;;%rdgg‘;I%ﬁg%ff%ﬁg;%féfiﬁegm%ﬁ)a
cl eani ng nechd#demm PROCIEY i ¥td BRRP . r an
R S A A TR IR T N e

- u iti i | u |

: Bl Rer e e Biahehbe (il Bhaegefl Frof Undep.bid feSHre

expl anati on ofrechvery wessgli.on is given in accordance-with the acconpanyi ng

Nwres, — Asgaheys d1Rafitfig vhocisBIfriiicRed| A7V 05k 68 Siindspher Le
SUPPOrt s @ Cl e Ind Shovidda Wieh P G8afs "FoF cdnthdlTing Rupefidrt Bbor

down the feed gas, liquefy and restora into said pressure cleaning.

" .vessel through & recycle supply system, and with such a solvent
cycle, 1t 13'praét1cal to permanantly 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-a shows a pre-cleaning as a typical cleaning

N ' mode in a preséﬁre cleaning vessel, Fig. 3~b shows a main-cleaning
as another. typical cleaning mode wherein, and Fig. 3-¢ shows a
schematic of an agitation equipment. ' .

Fips. 4 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*cleéning and a main-cleaning
'in a cleaning mechanism of this invention, and Fig. 6-c shows a
schematic for an agitating equipment. o :

Finally, Fig. 7 is a state diagram for a pufe component
showing supercritical ;1uid and near eritical fluid regions.
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(3) (for effective cleaning) within said pressure cleaning Vessel for

-acconodating the objects to be cleaned. In this case, it‘%f ﬂaﬁagﬁ&ﬁﬁﬁ& .
e ﬁ

nozzles (3) to have turnable necks. Ajet streamis emtt

nozzles (3) to the objects to be cleaned in said basket (4)‘| muﬂﬂﬂ UIIJ
pre-cleaning. The emtted jet stream strikes appropriately :
t0 be cl eaned Baatl Mdde forpEethodyhng ghesInvepsiani:f or forces off contam nants ..
effectively. A sol\pfthifdiefRldatfin SHPRL E?.(\Hn?{@?ﬁ igOk1ven hfhavobdarehi gh
density liquefied gas supplies conpressed |1 qui 5) into sald pressure

cl eani ng vessdith fSher pepanpanying $ieuEe3w ¢ tube (4) and said nozzles (3), and

i n a?S;axamol e In Flghsishoun! emPpally @ memsind loleaki iv@smconp@kabm*‘ﬁsnlt 0a
oX rovi de SIti ro s n e

(D) Gub bot e Fudinti beieh, B3N sRbed (GRATY ol oE diir S8 L RIS
transferring S3)d{feomeféective cheaningd)within 8aid praseure; cleaniagevesyelsa d
08 (5 Lo ool b oo o ssat O prasct .

t enper at ur e cdiﬁsligﬂ’ﬂ’r ?ev)nnggﬁﬁéﬁﬁoﬁ%ﬁ'@aei {'H'%'agg?d‘eé’ﬁépl %%??l%%@?m )

and further suanitted rtronfsaid sozalpgof3 e dot bhe whljeetitghbpredesned inudbrld 9)

connecting at ymnner Pehty L ve I , tERRe s
cont ai ners (10 . Eb Qﬁﬁ &no%nﬁggtgge&tigfn{gﬁe ﬁ%%eer?m%;tr%?ing%@of saiB é1;:)£r;1eksesﬁure

cl eani ng -vesse_’rP’F’("i’)'”'?aﬂF"e‘3 | gﬁo% opde@tdh&Rabe prlcanad t A, h8i HIRACkA ANAREY
vess_elbI (1%. Castrdguents yor Mﬂd@ssafﬁlmummbc_emlmmwh(. ( 10s0lvent Pmq
ossible to e i u

(I?I- eani ng vesse| 2 %tﬁ?o 8?2@%33% |¢163 fé}#ﬁg?tﬁ ads ﬂgﬁ%%@%ﬁ?&%ﬂ%‘i Fig.
3-c, i npel | er sBYSLBUPRLAeY; compregsad Biqudd (8) Rt Said BReRsure cdeantiti ng
basket OI( 2) andvasat(n' (1) fpom td Gidgh rprieBsur tthben (@) and (:ba(i?e:&;ﬁmgs vgsednd 1.),
a sound gener. r rec owar,

2l ong wi n ¢ neltbep oEeld T°EEE 1 E'edipgiird TBRLAGIASY (1)) 1d ScfomiREa
pover ful agit atil%eh & YoKef§bPredided ot Rehhghiempogpblen ifapns 33ld prepeupe

agitation causeTedidingheesseaqyn priviat ootk qevel adirderence with said vessel

Thr ough t h"é‘éie‘:ggew&?‘?s%@éhgp oy G crishit ety e, SO Wpbtas R T QURERY
can be perfor ithiggapeh ¢ | leanstarpofssald Liguidd (FX)1la sgiiatdy penfiersedh a
strong agitatigith YagomipressyN il onadnbe it 89 MRdes VenpeidureC e saygden

S0 baci 11 o, DREdsurd Sledih Yonstf (1 whed S0 CoRratLag ARESTIGR, (2
portion bet weehs Agcpmodetedidota sasdzsupply) cylhndersd6)haand furthen such a
impurities to Peardirbf i i@ubbpdobtetd TAPOUER £)h1GH! prdiktiFe 48881 (9Y connecting at
upper portions of the both vessels.) '

Some atmospheric contdiners (10, ......) connected to the
upper portion of said pressure cleaning vessel (1) are disposed to
expand spece within said cleening vessel (1). Consequently, with
said atmospheric container (10s), it is possible to expand seid
compressed 1iquid (5) filling sald pressure cleaning vessel (1) to
create bubbling, Further, as shown in detail in Fig. 3-¢, impellers
(11) are disposed at a portion directly under said cleaning basket
(2) and slsc the portion in the bottom of said cleaning vessel (1),
& sound generator (12) directed towards said impellers (11) is
disposed sleng 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
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. conpressed liquid (5) in the tube (4) due to an orifice worki

: : . S - ‘ | aq s Sh
conpressed }iquefied gas, such inpurities are sucked and ad “@”Eﬂe Replaced

the surfactants having characteristics to be useful for cont H”m
l'i pophilic, hydrophilic and/or the both of themare di ssol ved in advance in..
sai d entrai neRrigerdiithigsld Impediers sUiParebabing By Wlrasopdct ereragy.

bo?/g nent i ?Peﬂfbmubmhése?o peretidaz she cmfals.heslléanmklmxphaemns tdibe
elds an e er S

o-adhere. © SieakSq Rl ¥ raRRorRC il sald' b igwi@aa‘?%%éé EIC @i ng
cl eani ng |i quitdggtBiey eithasuainar stnongiagitation.a sgmeememiﬁ@nemgvubbb@el
i o Tevel | 28 9?““"%?2(?%&%%3’8?“‘?’ e e e i on.
Said pr essurel‘iég \ﬁ€§‘§BW %p ke ARd; ﬁf"é’r Hé?lﬁg‘ﬁper ature regul at or
(15) has .a drain cyLnrthratdéb vdeseaﬂtambyisLuqnnndEehfatoa1ha&nﬂaysabntinassel
(14). Ther ef O 3503 sLEUPEKED! £nd SEURAY YN | Bnl Base gp{ «;rpﬁe ird 'S

possible to severe i‘n cy e Wt h

cont ani nant s mum%eﬁetéohﬁeé%f%W%tﬁP dimselyel PHdEFl 1838h |4enyty
system said Moﬁpﬁw@drerqueewd @85 duchlinpupasiss b esueked hmdvamm sytace of

d f t
e cl eani ng. 1% &m@%&%&%ﬁeiaéﬁl? b ek Paindc iodfe Pl g e sce
i mredi ately f |vmm1m|sr.obg¢naus@ QY@bégrﬁMtﬂm@@sfinzealﬂﬁlmfﬂﬁl‘dété%51:9 be he
o) Conseque L BRI o L Ao L B e o o e
pre cl eani ng, g&*ﬂﬁ&nﬁ%’&"r‘&?ﬁ %g‘%ﬂf"e ﬁwc?gﬁﬁ%&ef‘oﬁ&ﬁ (1&9 r%sssed
i quid (5) thasalidsstetatddnts tdanc dbssativeathie abovetnentianed impunities By@t em
Wh | NCr eas 6gngl EG—é‘dﬁ@leﬂ‘Qze‘iﬁE';ﬁiﬁBﬁéfn&ﬁ' SnisdyRblad 'aﬂaéi‘ﬁéct'iﬂe tairpier

I nvention, the obl em Iete y sol ved..
REPLACEMENT S Rakss 12 dif%&Fﬁfeg’emw%%ﬁsegﬁFﬁg agh?g?ﬂ cl eani ng
efficiency is assurddpr@sure secovgnmeyeasel clddningequipped {a) receiving
pressure 1 ecovereaniBESelouitls Py ARl 155 dBREL AN +80d 4 HrsSlir@ e1daAh4 Nt
mechani sm f or, h anl rl e case ean numa:lous
difficult to dY%i‘% ! P?‘f% gs %jtdhlé‘i‘"?'i'é’l éscbﬁ'ﬁoﬁ@ﬂ ﬁy "tfgﬁg‘? W}

| i quefi ed gasefgllsoff aheam@imabvhhvea afifﬂfnre&ce airt mapoonpmsmmat andra

used to createyd r}ﬂﬁ.—ﬁﬁt ”cSHn tﬁ'ﬁhle Fé‘é}ﬁ? tlﬂéé Epnozz e |ﬂ'9 ?9}1

power and preve ts par cI rom re-a (il
energy, forces2® H&b AT eﬁ%ﬂ-ﬁ& \’A‘Fsﬁlafi%‘b 15y has a draln cylindar (16)
detachably suspended from under said vessel (14). Therefore, as &

remarkable recycle system in this invention, it is possible to
Severe the connection of said drain cylirnder (16) filled with
contaminants and also re-connect an empty drain cylinder (16). In
this system, said pressure recovery vessel.(14) has a role of the
- vapor Space of said pressure cleaning vessel (1).” Namely, for the
above mentioned pre-cleaning, since contaminants including massive
impurities are immediately flown through the tubes.with excess
eleaning 11qﬁid (5'), the liquid does not stay inside said preasure’
cleaning vessel (1) (See Fig. 3-a). Consegquently, with the afore-
mentioned main-cleaning and pre-cleaning, eand 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). Pinally, in this invention, the
problem of so-called re-adhesion is completely solved. '
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S TT—

cavi t at.i on,i super hi gh-speed agi t‘at I on and chérn' cal "corrpl eke.s'l,hisaﬂheeamgeyg&q{eplaced
“in cleaning efficiency is realized. The vapor space of s
cleaning vessel (1) is connected with a vapor path tube (17). H mﬂmmﬂﬂ
said pressure recovery vessel (14)is connected through. a tube -
t he upper portion ' S 28S [ | .
QXL,i nder (18) as a@ﬁg%@?}:f@%#é&é@%&%lﬁ gf%#‘ %@Q?ﬁ%‘%@ gélgte é%r:& aced
over the. presdbea, addnprapspee sdeaning vamsek Hda #id Faid t%‘ﬁﬁé‘l"é{ﬁﬁ‘éw ry
controlk ioing lr%\slsal_ Qag @e@ﬁt&@-ﬁdﬁéﬁ@gum@? PRenysit anversdll gt Aechirisn
vapori zed sol yent- LS 4 r.an to nde : :
vapor - pr essur itg’é‘dcaﬁ‘?#eetfaeeﬁ@g.aﬁ "t hﬁ@%h# hlgﬁ%,é%ﬁ%@ag%erﬁc}g’ﬁs??meri‘os? 5 ow
and the sol vatdiffilewitcoidissaive iopunities High ipale feampaRent h&sfbﬂ%wew :
cont ari nant s qﬁxqtu?fieaa %ﬂy,ratmteeaszagtﬂw?a?é G&?i‘@ﬂﬂ%&f‘(ﬂacﬁ[& Eamt@umwe
iquid at e botto e_conc rated.part . S rav o a drain
cyli nder. (16) ,a%}-}'r“g& Jenpsﬁ%ﬁgg %%Tﬁﬂﬂage‘{ %ngie“d P\#\‘AFB?H‘?Q}?& 5@%‘% é‘u“r‘Pﬁ%‘gesa
separ at ed. | n ¢dldaningtjmversand @revénts parhielesndroni setadhering d apdewtil e

-recovery vesselo (i) ; £ ¥nldrBy 0P dIRE3! Ll (1O FBREREL hiloh@UR] It buBBE1RIPD! Y
cylinder (18) provide Separati and recovery, confam ngt (rgg val QESOl vent

recovery and t$8¥idabien wSuReT thighysrand:paltatdan ansh che oin I
Final result igdvaheé fnovlesnphg dffaditnopersatedigzedst can be easily realized

with this invention.y, ' N ian r |hi
sol vent can bec@uwer | § EOPT AR & 21 o) t t r
portion of saigediidrydeesédB)¢ius esndeiicteanehfeugt Woeubd) (1) adthethewi th

R0 o el BrERSNTdE & HERN MbnbTE] Modphlaseh YIRRLER ddifl subify (22)
by liquid | evetykindgr (18)t23 & @eans fer&tonage within a closed recycle system :
10 - - dr pradéd GvEy ehedpByssureckeaAt vE sreddd1e (8N eawd Ciledd wiYh a

. . P : ,
e L0, P SERRE ROy S DRERILT Y hER onalliy Sl
circul ation i svessedl é1&)y thevapoetzdd, sahvent! §s rnansprsiedc datsadd eyiinder
tenperature ang18y 1iOuhe ARPOPXPUIBUNE2EY YD PERNSYL © GERAB Gty BéMY Dehe
supplied. The elirination of Q%ﬁ? Fessur ner tors-ag%gi{%gy%gs_ar§ource
of contam natj St QFP% 1Y ?5 B@nﬁﬁc?%f".aggﬂﬁ‘ltsoﬂ*oﬁ.  15res
shows an exanpkpe¢ifidhigravinge chdhe- contaminahtecsyciiell s entrainers are

deposited and concentrated in the liquid at the bottom. The
concentrated part falls with gravity to. a drain c¢ylinder (16),
where contaminants can be isolated from the system and-sgparated.
In brler, the essence of an achievement 1s that‘éaid‘hressure
recovery vessel (14) and said hiéh density compressed Iiquefied gas
N sﬂpbly cylinder (18) provide separation and recovery, contaminant’
: removal, solvent recovery and transport without any'Specialized
high pressure generators. Finel result is that low capital and
operating cost can be easily realized with this invention. '
_ With an internal temperature controlling regulator (20) for
said eylinder (Ta),_the above-mentioned vaporized solvent can be
cooled and liquefied. A tube (21) connected at the lower portion
of ‘said cylinder (18) is connected another tube (4) to conneet with
‘@ nozzle (3) of the pressure cleaning vessel (1). A communicating
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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system( ------ a pressure recovery vessel -(14) - BeenRepilaced
*liquefied gas supply cylinder (18) ------ ) is provr ded for a '
~whi ch can exceedingly increase the function and potent fality :
pressure cleaning vessel- (1). Both systens can send |iquid by ch angr ng

t hr ee-way val \op( 28)cdipdetad oy %t&.ﬁb%‘tﬁi‘\@rh&iﬁ%eﬁ& %eﬁ?éﬁcﬁ Y BBafingdl ve

(Z5) through th Junct n at a‘va IS an
> %

expl anati on witiyh, 33ld,terpgratypg rﬁ?&t\"‘b}n&ﬁ %ﬁﬁ“&&@fbp@p ti Jl%“ﬁ/r thoed e ] to
be a sol vent. originaRdecytle systeni Porert conpldtes cleaming dn wikchasobvastd

uar ant o6s o b d4ioH B4 feoBBiiely WiHARVGE Uy ) oI URR ied blntidiiine
wor ki ng i n narkemperatunggand wishouth asy QJ@)EnStVQ:diﬁSh mesgure gEOpratarS ¢anth a

tenperature coyy Isdipp nesall ate @Ilmifﬂldnhéfcﬁx? cﬁrebharslgammoebr fréos
with surfactants and

in said pressrﬁ%d‘bqee’arﬂ r?é’u\?@?s@? ?E?tggf%ar&@ascé'&ttiﬁaabgﬁt 828 ‘é??%’@qt
sai d pressure appddoatipngessel (14), the tenperature becones 30[err]C due to
said tenperature control regulator (15). For this, the upper part of the

liquid’is nostly vagorized, Sin Ie overal | orlzatlon tinme for
gal | ons requires abgfﬁ io shewd, gt "Bb‘? Fh%ﬁovtaﬁpgnngngd cH?&Vﬂe
system the t |8&BMn(be—-f-educpdesmr%) reacoverss vﬁbel h{gh eeashigh denpitpssed

| i quefied gas 56@% |4 | r_e§_s_e_
th(rqough, cogl in t éf’%dr/r lgqgf’f‘{rdlggsdﬁ}pgn% @Qtl\tﬁﬂrdépc@%p é Fato o@ égi
On the ot her 8 JRiple MmengWhich o) eseeedinghe wpemthmf@mg‘éi@ an

pressure cl eanpmmawty (01‘) said :Ir%léﬁﬁr@bﬂ'é&ni@g wsebesc Nt i Both esyRitBgs can

comrence, hovve h, & the waitli f

cl eani ng S neg \Iggfx 11@2 Wa‘i@éak&mﬁ reaTway vafwge ‘gi %ﬁl g?&)ﬂ g'ﬁtich
operation effi elrle‘rvéyvapor to \he sentafram mvakye ¢R5: dbroush tthe Jneshoreat a
cl eani ng f eat uvalve (2¢3.0SThe! un@es-néhntiored %rahaemdnaaidrphhm\mse of this

D oS posoe fedRicthrnf DAEE oA AR G0 80 Kol iE) N0 Suppor ed

in said. pressure C rﬁfg VessS fe (necessary
for nore effective éiue %39 emyiprent dnothis qurmignmarmnaed thslidead| e

horzl s (30%) roar cas) b “‘“?Z’“?FE““*‘%“W *We“te“éﬁéﬁ“r&i‘l de

of said cl eani ﬁ‘gﬂfﬁ%@&%k"(%ﬁ@?"rﬂgﬁﬁel%gﬁ%en@@ W@Hg%lq ar e?ﬁ@?

jet streamis ©ig areiwakingfin memn’fai:twingerm\lecvbmdsm (Bnis. control Tadr aher

o o oot Ly oar o QF'Q{%‘“”“‘% SonlBIe PRGN O o "’*29%?9.%“&?% the

S e s e Rk Ak eutlige

i mpel | ers (105%he somprgssadi 1iquid (5) in said pressure claaning vessel (1) is
decredsed to about 20C . In sald pressure recovery vessel (14),
the temperature becomes 30C due to said temperature control

~ regulator (15). For this, the upper part of the ligquid is mostly
vaporized. Single overall vaporization time for U4-U.S. gallons
requires about 40 minutes however, being that thxs 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 1iquid

(5) through cooling at 0 'C with said temperature control regulator
(20}.

On the other hand, when loading the objects to be cleaned into
8ald pressure cleaning vessel (1), it takes about- 10 minutes until
cleaning can commence, however with the dual system, the uaiting
Time for the next cledning is negligible, which allows the’
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along with the wall in said vessel (101), -and then powerful agitation.is Jaced

‘performed with the nutual operation for a forced agitation c t e

equi pnrents and cavitation arisen with said inpellers (105) ro hi | I II

ul trasoni c energy. The above-nentioned cavitation produced by

deconpr essi on negliggtdoniafehigh operatioyieffickamcki | | i ng bacteria as well as

baci | | us. A pressunxteoayarttes i chh@d) iife RARicHS k1bi1irkC eaures in

cl eani ng llqwﬁglsélqrr‘f)ﬁ éh@gg@ a_t ble 122) Egaced at | ower portion from

sai d pressure an Sidd be FRiaingd a8 $01i0MRent ance of cleaning |iquid

i s snoot hly perfor rxledt® toobe hndednéd arerplacedf intevalclaaning pasketr ¢132) e

(------ t enpergiqu I 1 /g 8804 ure
0 SFuERTRd On 560 preure Ottnife E3aEP (1B1) Mrfes A

gradient is desqgrib \ter ------ ‘h” an 1 nt
tenperature ¢ (*F89 e g | e (410)
JHTAPLe BEFeRSEFY (FRToonm 8f sectiv e cHABN NG BPFE ISR (1RFdr (X
di spoise?lgts) t thhiJsobam 0f imaddsiradbielfoprlOfd nozzles $¥d3) moas@gummbwery
vesse n n A r.Qo X ur.e
cl eani ng vessel- J(e%oﬁp%tr%gl Ifl'"{‘\%? nﬁﬁ%"?fs%rléi ﬁgﬁt]ﬁ% g?)é)‘@re tﬁgjﬁtsl%ﬁggg and
pre-cl eani ng fRRSRLPRNA e chdectA fanke olpanadudnsige: pd Seddselasning dapketes)
soaked in the ¢{gani nwhélmfja@t(é&&"g)y, ifgtfrdd By €neoan thell JéfstirBasiaid
pressur.e cl eanj ssel { 01) .since said |i uhgq.l % I mredi ately received
(Fig. 6-a). _Th%ﬁ%f‘gf’ée, Ot I0E %ﬁopg-?ﬁﬂﬁ’t"ﬁo AMERSR“Bt-eani ng which is
performed with the Fitthet, cenphassén theqdethiQs0d) Fig. deicd impellers (105)
12 Pr egfidiluesidRANEG YEseith (bt Al rer SRUE' ANBRIAL dhlRetReYe)
ment i oned conneﬁl a conpl.ete.cleani g ef S{g‘% can be . r ILze ecause
the maj or cont® n%oi;ﬁ%_% 88n 14 ?Eﬁdg PRI & TaSRelp 391§I'e%n‘??i‘§f‘ Fig.
&_h). Thus, 'a gendrasarasioe) diventhestovardhisdldndmpaldeysi (1050t dstdlisposed
entirely solve IS o t1h O (o} Ay rd td e
rapi dl yyby col id%ao?? ﬁfl{%kﬁeﬂn@?’ﬁﬁéudr@gi §M§1/| ??\%g?y( 11d0'§),s' \%ﬁ?c&ﬁggnﬁg%s{d%‘ﬁ]én
off fromthe s§§freq'ﬁ‘r%?d én’BFT%‘EF“?sé‘pé'&ngF?es‘b“ fat OPEratliondampetopced
realize the inégitatiorecaasddoby vihiebe tdguipmentseand cavitation aptseroutth isaid he
above narrativ - ' t] ol t . ere
Is a cavitati oﬁ“‘?ltl %gﬁ.@?\%yg‘lt°r‘%§§§@r’?g‘1§%%§%l %e%ﬁ%f%) v@%r a@%ﬁo?@%ﬁ%&;i on

havi ng a t enpefaYitatiBhrroducsgd begndden decoppragsion s efifecsdnactord to
the upper portdestrafyinheamt &43ling daeser 1) aseRsEl asloddiIlusQuUol presanss

Cipansron |3 ptefSiel, S, GO0 b RS S IR MR it
path tube (113§10A1) Fhosghi agture (223 Rlecedirathdonernpedhinnfron seédi d
(107), which-i pressurer ebeafiingnvessel (101). Such an acceptance of cleaning
liquid 1s smoothly performed due to the differences of level and
vapor pressure (------ temperature control regulator (109) for i
astab}ishins a temperature gradient is described later —---—- ).
" Said vessel (108) with an internal ﬁemperature control regulator
' '(109) has a detachable drain cylinder (110) disposed at ﬁhe bottom
of sald’ vessel (108). ' -

Saild pressure recovery vessel (108) has an important role as &
divided room for sald pressure cleaning vessel (101). Namely, when'
ber;prmiﬁg the above mentioned pre-cleaning for removing
contaminants (including the massive impurities) soaked in the
cleanips liquid (107), said liquid does not stéy in said pressure
cleaning vessel (101) since said liquid i3 immediately recsiﬁed
(Fig. 6~a). Therefore, in the afore-mentioned main-cleaning which * °
;s:performgd-u;;h the filled compressed liquid (107) in said
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a case, of usi ng ultrasonic projection. This cavitati 'o-n i s @hinlheptdias Been Replaced

- repeated by acceration for cooling the liquid with said te

controlling regulator (111) and connection with a liquid ph

(114). Finally,.such a turbul ent flow as an ideal . whi ch has excel ,
sol vation can be realized. asg that there are |rrpur t es "
-d| fficult to PTESHHRA ahpaning é{eﬁ?’@ﬂ‘] Q:IEH @f#’tesnﬁ?‘é%%? i Hu e eﬂgﬁ‘ég such

urities cametdiotedscommttignsa cempletd elemeing effiatiaman havn-ewgized
charact e st Goshfl {HP BRI el AR B0 ASFechg' fedtivad PBHTYAD s €

added i n advanc enomne cre tes an
effective barfleaniigalfir. fabdi cllaupe %@H@hl@h a8 to r‘e‘Fﬁb%sl"Al HhEphs Wag oy

va[ Ih guts gr E 2““@*3%“*%30”1?6;%*5@63@;1‘;% s@%@fgfn Iprehgal wnvemtmgsmrbft hat
Wi ut ex i s s Wi

equi pnent i ng L iteﬁecﬁﬁo% Pﬁé’ﬁi’?% ¥a'?1’f ﬁé’lﬁrﬁ'&ﬁ% @#‘%B Eh as%f-gfn

sol vent raw naykinder (Y10)ndehiqhl sy h‘e thken e HEnomhElg syshen apdcenptied sed

| i quefi ed gas | 7 £Int Pl e enligg
vedsel ' (103] FRRBRAEy SPTMLEIOCDs Sluthd Yohedilad BIEIRRLALS AN 1

t enper at ur e cHi’ﬂ"}F(ﬁh P&YSteor (117) is acconpdated into a box (118) pl aced
~hi gher than said prmsbemor-e. in the above narrative of the ag¢Bual cleaning,

REPLACEMENT SEEET, A |
liquid (107). 5% entt P’?‘P"'@gtvﬁ"&fﬁ shiDgend) 13 [ degatratatdl agbibgomaResse

regul ator’ (llﬁ)tm@ﬁ%ﬂ%@fatﬁmrﬂ ef@?uY%P? r eKRBNEYPPNABY1PE18) and
the vapor pr efb%lﬂﬁ@t'ﬂﬂuf‘éeéml ﬁégdl@tbﬁbga‘lfﬂ &8 A4 heatsfisr cérmatbed aoove

&;;Zﬁr?h?LES&W@%&@%&%@%&%@%& TN phatl ?50*3%*‘?“8%{ 2 115)
joins said |i q@RPRESd dAhE  Hildde anb14) laquwesmpéa &)e13%¢ and
a cyli.nder (1Je@»ieatmmafmhsExﬁéhsa.foﬁomwﬂt@rﬁ@mtmm%e(aﬂﬁrealtqu\mrb@ssure

space) i's connect W, y fe e is
connetted to Sonpsrpifr HieBlapLd Mok ogt vilfe, (L) WEL RN BIRE ¢ ‘é’léz)
For said ent re!lariérclméu v(itnogompressqdhbiwge('cm)dlwhiucbum diff erangntrom

cont am nants tdqaiaé‘eafbﬁ"%ﬂ?l% R BEniet Bréj@@f?oﬁpmﬁé\tcﬁiﬂmtﬂ@ﬁl ty-

o B e Rt S eatat R ReberhEI oY (RN Dot AR R e
absorbed in t Heoperahuve scantrolidng Kepsigtdyy (hddi am@monmqﬂgn withos ildqeld i n
the connecti orpHadet BEppLPEUbELIN 14 TheFna 17, L4k @lE@rbiDEnt/ABH as an
connection betv&e ﬂd@? \%ﬁesisur cl eanh% vessel 10137 %g t he pressure
recovery vessei®ef ch fx¢ed lent S0 ¥aRiop £am be p9gLizant i oned vapor
path. The vapor phalerithet¢aseptbsts there areviopurittediftOB8)lti $6 odissokved
thrOUQh a tUbQ)s( B42y a high density compressed liquefied gas, such impurities
can be dissolved by solvent with the surfactants. having
chamcteristics for lipophilie, hydrophilic and/or both of them that
were added in advance (--- so-called micelle phenottenon ---). which
creates an effective barrier sgainst particle re-adhesion.

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

A solvent raw material cylinder (116) filled with a high
density compr'essed 11quefied gas supplies compressed liquid (107)
to a pressure cleaning vessel (101) from a nozzle (103) through &
high pressure tube (115), and a temperature control regulator (117)

. is accou}odated into a box (118) placed higher than said pressure
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with the upper portion of a high density conpressed |iquefi eéhig8FectHe Bben Replaced .
: cylinder (124) placed in higher space fromthe pressure cleani

(101) as a storage nmeans in a recycle system the vaporized sj]mmmumm

t he terrperature controlling regulator (109) in the pressure r )
(108) is tran ngi Sse uefie

Ql/l nder (1242 &vhéaﬁegss} hd(‘%S) E%‘ g’gn% ﬁ?ﬁ ce se&)ﬁt égg@ﬁéy

hand, contam edr dkffgrensssta be[cnaamdwortunemtm sotectepesylasarand

concent r at ed '('m'?ﬁ%s't%‘ﬁ!shhb%"Iﬁgﬁbﬁ%m‘i\eﬁ&@hﬂeh?oi‘%r c?i‘ﬁﬁérd?ﬂﬁd ¥ ¥n@f
such subst anc

t t
concent r at ed gﬁ%s’fagﬂg&mgﬁ%mf 331’ #‘?5%[‘%% %2‘#6%]\/ Ggé‘gﬁecf;f"fj\r%% aqqu)tq dhge
renoved and .arkoeepreasere fcﬂ.emitdzeve;&lem‘lmj aloiigelie:hothe aonseparan lobn and

recovery nech R gy 460

sai d high dengﬁ%%gspr%a?ggg&fﬁhﬁﬁ%g Eﬁﬁés(‘h@)c tﬁi‘ gﬁé H'({;Gcan rea | ze
cont ani nant. r & e Hb?r%‘r?@og?i sﬁé@oﬁél%é 'é?r-‘-’\?eﬁ’clp g {hethegd for
speci al'i zed ptaasthregd myequiﬂmtam and a eylinder (116) or otherwise 24

REPLACEMENT S r 4 n rature
controlling rgggg%th?f‘i “AB% (ﬁﬂg 3 (léﬁ ﬁ%@x{ﬁ%@%&)é%@hg%@?%
vapori zed sol @ahew JAqu é‘-O( be Meds onkre @nbtaitierhvessiell 610) parconpeeted Lbi nder
(124) is Cﬁnn%a&ecmfgnt Breesm»laetﬁael!i)nsv s‘ﬂeﬁefd?'ef thd %&zf@é‘ aes) L 0 Fepzzl es
{7 anbpor t at| oReSR PHUTITBECLFTAT B20 by doFuths it SLABl Eohacei e n
tube (128) i s centsmigattathatocanravbche Panoved rbtie singliercomhesant of high
Circumstances gep8ity r&mbgsé@rm% \eﬁf‘@ ek, o fi?@?h@%fé o(rl%‘?)ir%ﬂafﬁ%t

I h f |
Seeycre and r SUDFEGH PR PISSIRIL PR pant (142 br iR tol A ARETRI ) SR CREr o)

met hod. - cDhbapinant mlapsented Ewrthec bompriesgedlldqyid (1073 ky additioacycl e
systemis pr O\ﬁhﬁl?&hlp‘dh 6r13%ce LY SHOROARLMA %E ?J 4Pl P 1h§)aw TR 1 &lsS

t hrough | evel es, vapor pressure erences wt riate .
vapor phase ccﬁ‘f‘r}i’@cg ggi,?@pé’@lpgﬂ E@H"%%ﬁﬁ%@ﬁtt"?gn u‘f'ﬂﬂaé’é‘@ép ev\)ﬁ eanina ows
for a consi denvesiselré80t) iami ithecppessire asicovany ﬁsmise{snt;). which g,s S5

shows sol vent g QEEM toof 'E:R é’bo‘iriéj-h&ﬁﬁ %&@enctro ghd RLESFANL ?:bﬁ

vessel (101) f case u3| Pe generator 1n osed

recycl e syst erh 4SSHER r&ﬁ%‘(’)’i"' Y?Fsﬁﬂn Q:‘%at)h%s saprechad Kdwrevsh-iagtube &ﬂ%mused
In this case, withi Shaalppergmasdoy dfor high @ehsitierconpiddsedol bgueieanged at
tcgremgggg)r por tduppaly’ Ol ik Rﬁﬁﬁ?%ﬁc(‘eldeilﬂ' ﬁ'gghe%s%‘ﬁkcg 1fhdn $naCErdasure
cleaning vessel (101) as-a Storage means in a recycle system, the
vaporized solvent with the temperature.cdntrolling regulator (109)
in the pressurs recovery vessel (108) is transfer to said high
density compressed liquefied gas supply cylinder (124) by means of
N . the vapor pressure difference. On the other hand, contaminated
gravity substances and/or entrainers are deposited and concentrated
in the-lowep liquid phase since the vapor phase'dehsity'of such
substances is low and also its solvating power is weak. .These
concentrated substances are fed to the below drain cylinder (110) to
be removed and are separated from the system.

Therafore, 2 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 recoveread solvent without the need for
specializad pressurizing equipment.
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(129) for deI iverying the flui d I S provided. A connect i OIThi Shearitas BoautReplaced -

- vapor phases is onmitted. Sinmilarly, a coonection between t

cl eani ng vessel (101) and the pressure recovery vessel (1OHMI‘H

tube (127) connected to the |ower part.of -a cylinder (124) cte .

just before said pr in ). (3129) ressur e

(eed tube (115) b i B el 18 ey ﬁ%&ﬂﬁh%%&%ﬁ%%t%‘%p olitng.
cylinder Eesu}atorn (ééﬂj copdB Ande Liquatiengtive sbove-(mentioret Vémltft"’@é

lﬂet vl Eh%‘r”%°1""e"mrc‘g’;‘n§8* R A oy b

pressure cl eané%ﬁ Ve gepae ﬁdﬂ%sﬁrﬁﬁﬁc&égﬁltkﬁsﬁ% g’l‘ Breangch s sur e

space), a preyaezkas €103y thespedssupe mlgm.‘dmsesSplc()‘rmr)esa%d' eommeﬁrrgd gas

supply cylind ef.c d r [

realize a meth ué:h %r tr&%ﬁ%&tﬁﬁ.@@ﬁaﬁf graftﬂrae%%&%%% gyn‘fg@@p ?ngé eam ng and

an vapor phase path tube (128)15s arranged and connected. Furthermore,

REELAEENENT Shizfdkr the%fef Rebbufstanioys] ¥ty &@mau:edpeﬂbeﬁwcmwdliwut

a high pressur r.ovi ap, econ ctive

cl eani ng syst e’r%gqﬁ dgg??\f\h{m Bfef)ti f&?‘ggﬁ Ené &'ﬁ?’ qlclt'%aﬂl ng&h%f% d using

a hi gh densi t yihepeincgspracticaic Bysteugficr soliventy regycdapind TeEIGRIAL100 WS

Conpl et ol perTTPAe] By BYRE bty Bdapatetludl BUrol ndthot0Do Deron” o

for precisely cleantH§cBok s%‘?}‘naé‘f’ Ha‘ﬂ‘ﬁe%?f“tlﬂ s"éﬁp cfﬁfﬁ B SLOBR% qeﬁgc#q ke

t hat have not suamempasfpcbvyueﬂehnmedlnotrmnﬂunthsnémentltnanamyrneohomaw

In cont enpor arﬁ{aﬁh %gfé%hfﬁélf@frr@%}fée@ &dﬁﬁﬂsdrfeb.@&pe B?ffeg-éﬁéﬁg Rt O

pplications in the net cturin arou wenty, (20)
e O ARRAARSLa8: VA DGR BIAS 4 EORBEEL AT EB8E SR LL A S PHLRRRE LY

processes as vamierassarywhichusllons poe-a ponsiderableareduptipni trarcppital
cl eani ng, nai NgLdeGaMd Iz %ﬂsﬁ@l cl eanl ng, drying processes and ot hers before
and after manufactufrl ng ? However, with t

onent s
cl eani’'ng- met hod  of Fies 5 Shert rse?avent o BT RPOEE A Bn‘é‘ﬂiﬁﬁ%e(ééé% Yipsaid
cl eani ng net al pressuke clwanitigeivesseni shet) Wémi thearcssd otwasiy aohighe

Such var ous shEmeh AR FAL fo Wil oo od TRt S5SR0E AR B 18

substantial co4# %\Fhﬂg%mem%rkﬁ)éﬂ Figwaltkare élsleéat uke ThAS 4RSS Ab L% Aok s
applicability pécessdry ThrmaheoByyinddirl (S 18yt 3l 8@ apPrangdd @ts the upper

portion from said pressure cleaning vessel (101) since a compressor
: (129) for deliverying the fluid is provided A connection between
both vapor phases is omitted. Similarly, a coonection between the
- pressure cleaning vessel (101) and the pressure recovery vessel
(108) is omitted. A tube (127) connected to.the lower part of a
-7 cylinder (124) is connected just before said pressurizing pump
(129) placad halfway said high pressure feed tube (115) and further,
the internal vapor phase connection between the cylinder (124} and
said pressure cleaning vessal (101) are omitted. )
In th;s Figure,'a mark 104 shows a filter arranged at the
supply side of the cylinder (124). COnsequéntly. a new'éleaning
wechanism consisting of a pressure cleanihg vessel, an atmospheric
conteine? (an atmospheric pressure space), a pressure recovery
vessel, a high density compressed liquefied gas suppl& cylinder,
etc. and a separation and recovery mechantsm actually realize &
method for completing solvent recovery with powerful cleaning and an
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materials and furthermore, this met hod can practlcally r eal ,[L:ﬁieetHasBeenR eplaced

. non-pol luting cleaning instead of current dry-cleaning. I"J"ﬂ””mm,

pressure cleaning vessel (2) A cl eaning basket (3)

A hi gh-pressure tube (5) Conpressed liquid (5") - eaning liquid

(6) A solvent r y g e .C o]

Lequ! ator ?gg g?%& f-&ho%@i‘ c}%khmgiégggr%&@%ﬁémﬁo% 84kh |
&6/ - pressure generator, which prov des an economical and most el PRTRIXEENVENT -
SHEET (10};1eﬁm§s?§,§mg contai ners (Atnospheric pressure space) (11)

I mpel lers (12) A sound generator (13) An entrainer vessel (14) A pressure

recovery vessel (15) A tenperature control regulator (16) A drain
cylinder (17) A vapor path tube (18) A-high density conpressed |iquefied
gas supply cyl . (20) A tenperature c0ntro| regulator (21)

R .
A tube (22) & compntcatin 2 A three-way val ve ( A t hree-way
val ve (25) A val vén(%alem%gnﬁaw%‘@oéi ‘7% ing.a éﬂlshc%h GHWP@SE"S tiigpetied

equi prent  (28)gal memdmhavdhl Aupeesslegnihgapower weltse | reflddinceA tal eantisng
basket (5103) NA%TahEion mentioned above, it is possible to completely perform at
levels of particle, sub-micron, super micron, ete. for precisely
cleaning contaminants adhered to semiconductor and ‘the like that
have not been perfectly cleaned with the current cleaning method.
In contemporary cleaning methods for general. industries, for
| example, for applications in the metal manufacturing field, it
' takes around twenty (20) to forty (40) minutes for cléaning because
" of necessary multiple batch processes as various steps, such &s 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 realize one batch -process for such various
steps, which consolidates cleaning érocesses and allows substantial
cost-savings. The most remarkable feature in this invention is
applicability of cleaning not only metals but also for fibrous
materials and furthermore, this method can practically realize a
non-polluting cleaning insteed of ocurrent dry-cleaning.

Explanation of Marks:

(1) A pressure cleaning vessel
(2) A cleaning basket
(3) Nozzles .
(4) A high pressure tube
- (5) Compressed liquid
(5') Cleaning liquid
(6) A solvent raw material supply cylinder
(7) A temperature control regulator
(8) A box .
(8) A hign pressure tube i :
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N i ) . .. N \ .
(105) Inpellers (106) A sound generator (107) Corrpréssed—;—d,-gsqlggtg[. 107"
(109) A eplaced
|
Il

Cleaning liquid (108) A pressure recovery vessel

control regulator (110) A drain cyli.nder (111) A tenp:eratmmg

regul ator (112) Atnospheric. containers (Atnospheric press

A vapor path tube{é&ﬁﬁ% A liquid supply tube (115) A high pressure tube .
($16) A sol vent _mitmnsphériey tontaenensl t1 el ol i
regul ator (118) AlboxIrmeldrs A tube (120)t ?Amr?sg?l%rrqg}jner \%&;ss@ﬁ@é;lﬂ) A
tube (123) A tub%1 1 24)scund tgegeratemsi t y ‘conpr essed |i quefied gas supply
cylinder (125) -, All13heAl easralnarteassel at ure control regul ator (127) A tube
(128) A vapor ph% pAtiresdune recypry Aessegh pressure punp :

17 {13) "A temperature control regulator S ‘REPLACENENT
SHEET - - (18) A drain eylindepuaT |'S CLAI MED. - - 1. In a closed

recycl e system wh '7inﬂnggE!§¢h§ﬂ@ﬁ as seni conductor and ‘the like to be
cleaned in a pressife ¢l i Viok sempressed diiquetied gas aupplyhcylindis V.
conpressed | i quef g 4 o '
: ( cemperature control regulator '
(21) . A tube ' '
(22). A communicating tube
(23) A three-way valve
(24) A three-way valve
(25) A valve
Eggg : valve : . .
. An air conditioning o ' :
o (sg?g pgitvs 8 control equipment
— . 01) A pressure cléanin
© - (102) A cleaning baskez F vessel
(103) Nozzles
(105) -Impellers
- {106) A sound generator
(107) TCompressed liquid’
.(107‘)-Clean1ng-liqu1d.
'(108) A pressure recovery vessel
(109) A temperature control regulator
(110) A drain cylinden -
g:};g zt;::pgrature control regulator .
: eric ri
sy A vapgr pathcgﬁgziners (AtmOSpperlc pre;sure space)
(114) A liquid supply tube '
(115} A high pressure tube
: E}:gg ﬁ :QIVenttraw material eylindepr
- emperature ‘conty ulator
18] A bm ol regulator
U : (119) 4 tube
- (120) An entrainer vesse
(122) A -tube . '
(}gg), A tube 3
51253 .: E&gg density compressed liquefied gas supply cylinder -
(126) A temperat | | |
g}gg; A tubg ure control regulator
A- vapor phase path
(129) A high_preSSurg pum;ube
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its near-critical point state as cleaning solvent injected from outside
sai d pressure cleaning vessel, contam nants adhered to the objects to be

cl eaned are—drSSUTVéH’Tﬁ—TﬁE_ETgh density conpresse i .

subsequent to whisgh, faipded Regleefi ed gas containing sai j i hen

transferred to or a separation vessel MME%HMtO

reduce its densmmam se contaninants precipitate L s n,
'Ve L ﬂﬁﬁgﬁﬁﬁﬁéhn :

amd further the nt wi YT @iyl nants or inpurities
removed is reclainmed as a high density conpressed |iquefied gas and stored
for reuse; . a method for cleaning and recircul ating solvent, wherein a

high density conpressed |iquefied gas existing in near-critical as well as
supercritical 1st at elnsacegbspddrasysdevenstemhwheneineobjansser suthsasd

sol vent is acRiRYEshdMdthUind LHe 118 #65Be0b1 dihedi1fha NhRERIRe ERRMNIALI N

devi by f ' d ' | i f, e qiff _
bet weon vapor VERHHI0 AR RITTEGEE 201§ HehaReliR) A RN RGOV e 6150 051
sai d hi gh dendtsynexrmurdssesi Ipojnef stategas thednirige solvsnty indectad dironi cal
point the smalg,eg;d %afag{‘zgxgﬁfauié&ﬁn@{mg{%gma&ésaheﬁhzﬁ* H8Rdreddtd the

| i quefaction by coolin y gravity set Ag at .a set difference.in
v &

| evel backed @BJegta ke heysdeaindanerdisgeived dnckne IRah dangity eoppraiigde
cl eani ng vessaliquétitadiggB, danselienoter RESE daitqubiqurt 18asgass copt@yaitgt 0

the objects t¢ e ' SSLVE. C ' t t
t hey cgn be L%ﬁggig%gﬁéﬁﬁgﬁﬁéﬁgEoﬁ@%fgghg%ggg?ggsJ?égg%%gk?gg @E@géﬁh?hus
preventing reS30RBSEEAN ypsfek apdndegnmprassed digd rediea ditfodengidyr setthat
cleaning for gheael Qéﬁtﬁirﬁhitﬁc?ﬁedﬁbilﬂatﬁ?@zn%épia%a%ﬁw ethd Yupthdr eohef

Stire sl venc BgHEbs ‘Elysh8 hit SHAFhTARRsRy S bRhLELe reRGbd4d e
18 2 recliizednanf &4ah sienditiusongressad giiquedisd: gas ergr atored for

l'i quefied-gas psugégi n a cl osed recycle system conpri ses: a pressure-
W hin Sala pressur® Hetiod For\iasaiite RO, R HERIEr ing Il VBRF L oferelh 3
cl eaned and a hlighr densigyotompressess 1igueftiedegds exispingy infhearnpridyicell 48 qui d
(5) directly typiaad 9Rpecdra thilabestd@2n80enslsl et RSBEEFL CORRALIC S (10)
biaced over ang GgRRF U dald silvent 3" St avea”Rbite Sqitring ise Gt °aHy "
vessel
. high pressure generating device by feeding under pressure resulting
from vapor pressure difference between vaporization and
liquefaction taking advantage of the nature of said high density
compréessed liquefied gas that 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
R 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.they can be immediately removed outside the
pressure cleaning vessel thus preventing re-adhesion of the
contaminants, and furthermore perfect cleaning for a variety of
objects to be cleaned is assured by virtue of forced egitation
derived from ultrasonic energy, cavitation affecting the entire
- solvent by its expansion, and formation of micelles.
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ftjrthe_;r pr'ovi ded wi th an agitator consisting of an inpell mﬂ\‘“m M\ﬁ“\
- in the bottom of said cleaning vessel and sound wave geneﬂ“\ ol
directed towards said inpeller and disposed in the side wall s¢of‘sal d

" cleaning vessel; a pressure recovery vessel (14) equi pped with nmeans
for controllidg tefpeandngrequiptent aséog imddgh aledstincohpressedni spiefiied -

\g[{essure Cl capdd Gn¥RSIFLR é}g&sgaq{ec&gf@sﬁgﬁ itcﬁg%,?g%g%cl eaning liquid after

e cl eani-n rocess and havjng.a drai det agchahl y suspended
from under ga?d p'rés@t?P@“rreeEiﬁ&lg}S\}@%l;(%)'Pm"i‘ée P’%;'FP deﬁg?et"gné&?ﬁ}‘g%sed
liquefied gas(2)mipporyéd nidespads)withinppeit wriebsorand ehning ordssel| oy
tenper atur e apdelqdaeing (G SRjdeB 65 816 RANMAD o B28AL1ILY of GeBS1 L0
provi de communicatlion W th-t upper portron of Said pressufe recovergl
vessel (14) ahd)stdrefid BoBPPRY QfvicogprassedpiquldpdP) rdbregtlgnto said an
ent (r]I aih_ne[] \éesasjedth?&o es amﬁca@}dp" ﬁgﬂ@éﬁkﬁﬁi@ailohwyrtd_rhe(ﬂﬂe@lhéélﬁ olesh wgen
sai i gh dengjty resse uefie S _SUpp y r-( i
sal 311G enEkd bR 5 ol ELAGL S5 RpTto! MK Ty bl ilent
recei ving t hefurthnsc providasnylth sod agi tatar apesisningnot &n rigpebleredil) he
respect | ve upRespaid | NN 8o €D T sa&avgﬁémr%omabyaawrsd%wsvet he.
upper vapor in.the resp %él ve vesﬁigl S. . il eani ng_%eF?,w Emen :
according to &%?rrﬁt?r%nél ylinpckedtavands Sadd {mpetler &5d figposei o ghe
wheLei n sg_: d pd.daesszlaﬂ.bs dfeaalhglemsngl vassep;ovided with a plurality of
exchangeabl e recycl eg,ﬁ @?Fb s [ &S e
recove?y vessel gndgdjwhlg ?‘geﬁgl ytg{)nv%?esgéegﬂff&uﬁgggaggﬂﬂn%n% roF
cyl i nder . controiling temperature and placed ungler and branched rqn S8hfing
€qui-pnent accerdssuyet oléﬁlnghmvéésal J1enpuroyecgivangitdie dseticlyarmingpl kmsad
ITquefi'ed g_as'-a‘f’@.%%ek:ﬂeacfé’é?{f{% ;gr%‘%e@?st ‘i'ia'dahﬁ#%en&ie&m;@_d ﬂ?x'd%?eiHB‘Jer
sai d pressure cleaning vesse 1) together wt ans for contralling

tenperature, SSFRFN8BLY SvEpendrd ixoa, inderc§aid, aeessuRe NeCEYY ¥033%dani ng
vessel are commni cahiigly deasiBerRohpressRdPELjueY fod/ RRST sUpPLyi Syiintber@ef for
provi ding. comgyny 6354 Gt tRCRYGR] f%?ec&%%rn‘{ﬂgoiedp%r&@&ré SHRCELEYE wRRe! S
. sald pressure cleaning vessel (1) so as to provide.communiéation
with the upper portion of said pressure rscbvery véssel (14) and
Storage for receiving the upper vapor therefrom; .
an entrainer vessel .(13) disposad and connected halfway the
"feed line between said high density compressed liquefied gas supply
cylinder (18) and said pressure cleaning vessel (1); and o
' said vessels for supplying and receiving the respective
compressed liquid are communicating between the respective upper
\/ . portions thereof for providing communication batween the upper
vapor in the respective vessels, )

3. A cleaning equipment according to Claim 2 employing e high
density compressgd liquefied gas wherein said pressure cleaning
vessel 1s provided with a plurality of exchangeable recyecle
3yatems, each of said systems comprises a pressure'recOVery vessel
and a high density compressed liquefied gas supply cylinder.
I S—
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5. A clieani ng mechani sm having a funct. on ~for preventy ﬂ‘l ' .of
contam nant's whi ch conpri ses: a 'pressure cl eani. ngn“mu m“ﬁ mum
with a cleaning basket (2) supported in space within said predsure €l eaning
vessel for acconpdating the objects to be cleaned, a plurality of nozzles

(3) to enit adsprayh afleening enstpnént)aicdordng rbbecldi)m 2oon 3 cmpbppirgs at o be

cl eaned; and %&@SQQEQ&FYCQ%@_%& (Ji%er}lﬁtaegp eﬁ&ijn cg%&& trg‘wsal d

\r’essure cl ean vesse eaning: vessel rovi W th a

agi t at or cons.mgpewgﬂof:vh#nqenpéﬂ ds placeddpvgnsaid .nreswér'q@stlemm vessal
cel eani ng vesqal) Bagbthedfh tipneane TRhaEEK ol 121 GbemssztaetﬂrfeQVEﬁGSssmﬁt

|1 d d d | | f
orossure recotabyEvaes] v ghd eesure o FERRIons Shfippcattng °
t enper at ure arf®taeiedr $hearedpentitve aupban prortdonsr &hasaoﬁ Perspraw ddingani ng
vessel (1) f Olaohf@icktNsh, Jaguskt €he \RRBE Nehpoh Uit $hafAddpebtiteChesel 89

process toget her with a drain cylinder (16) detachably suspended from under
sai d pressure recovery vessel. 6. A mechanl smfor separating
contam nants and recl ai m ng sol vent w t hout requi ring any device for

enerating hi regs | f eéﬁw r
8esse| (1?1) e%p gwﬁﬁu?rlgansm%@oﬁ Nl@:t"a‘tgna!'perzii‘tgﬁr egtﬁﬁg%eeny
cylinder (16) %P%%E‘ yeaniapinands whieh Mﬁs'ﬁu d pressure recovery vessel
and a high density a:cpmme@ndanm@fvesdems) pidedcuitmdeele(ahsag gykeped

th f
veseel (1) so 2 BubBotndl e BREEE IRLB SEEE pR¥RSyae G oBhERS Yeiely AN "0
sai d pressure #@@996&'%1“%@%@”0&098 forbe @démﬁhg at Né-ll‘@éy@f Qfap@#zheﬁef%} rom
%0 - : tp emit & s of compressed liquid (5) directly to said; olidtACRIVENT

density conpr essedﬁ% | quéfl for gagg{:@éi&gﬁgd?%eﬁu%n%ﬁyqqpsgﬁggﬁggwy%}‘ nélmpl an

wherein, in caedmnecked i ﬁgidmsﬁurescmndnsav'@s@aifﬂm cleaning dﬁéé@l ved

or cleaned in furaines! grdvidaddene] &y EQIRHIRPSBGhsisting of an impaller (11)
disposed in the bottom of said celeaning vessel and sound wave
generators (12)-directed towards said impeller and disposed in the
side walls of said cleanlng vessel; ‘

" 8 pressure recovery vessel (1&) equipped with means for
controlling temperature and subordinated under and branched from
said pressure cleaning vessel (1) for receiving the used cleaning
-liquid after the cleaning process together with a drain cylinder
(16) - detachably suspended from under said pressure recovery vassel.

6. A mechanism for separating contaminants and reclaiming solvent
wWithout requirihg'any device for generatipg high pressure, said
mechanism consists of a pressure recovery vessel (14) equipped with '
means for controlling temperature and a drain cylinder (16)
detachably suspended from under said pressure recovery vessel and a-
high density compressed liquefied gas supply cylinder (18) equipped
with means for controlling temperature placed over said pressure
cleaning vessel (1) 80 as to provide communication betwsen the upper

portions of said pressure recovery vessel (14) for recewing the
upper vapor- therefr-om ’
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Ilquefled gas contam nants are cI eaned and prevent ed fromre- adhesion by
addi ng hydrophilic, Ii poph| lic surfactant or surfactant havi ng affinity to

bot h hydrophilic and |i pophilic solvent to the solvent tmﬂn !l er

vessel to create so-called micelle phenomenon which inp 1' "'mmm,mﬂe
and functions to prevent re-adhesion of contam nants, and tHResé '
Jnprovenents are conbined-with forced renoval by the inmpact. energy of. the
et streamf rom t-he nozzles, cavitation created by bubbling, agitation

utilizing ultrlfasoni & Bekhod £REreRRralingogLeaning cauLRIANt FPAPHING high
I nprovenment. denfity cohprésséhosﬁﬁer@@d/@asa@ densheimgMie eyl ophieams, 2,58ch as

 conduct. r
vessol are corfad MFsshy i 8apy ApFTiRg" FRRRERE Harth he8 FORIER £ 82" N0
vessel througtharsdssclyedppoveliesnpd usera§irigdel hight denaitey empnessedgani c
Cranaferrod | o iesialopdd RbELturtd QeCPAIEA BT R EveRCaRrrad re-

cont ai ni ng sa.’&?‘SBﬁ‘?‘h g‘ﬁﬁg |I§Ydf'ﬁ%thﬂlif’a??sifpgpi‘@3°t Burgraggmtr AF SrEaeHnta
deconpr essed t}mwinduu:ﬂ'mm;y dendoty uropidlichese ldpophiidicnaolwentr doi fhet at e
for Temval, PFold® o5 BRR hbkCaleddilb B s ot BE@1 10

cont am nants rem)ve ensit recovere

net hod for cl d&?ﬁnﬁgem whdeh rWra‘e‘es]glseWawowvmén& functipns %@5‘9‘!@"‘3
conpressed i wddadsg@ns ofX ok tdiG naft PO tamdr eﬂewamﬁa@oemtle@ﬁe eombigsd as

Sai d aol vent it FBbesd Aldtuad, BBLEViPalt SBEF e che'lef iidetln AR
gener ating devR@&2ZI8B f @éé(iﬁgt&%eﬂ'%@s@Nebldbbhmsngaa‘lr%ﬁmép%ib*@s@ﬂe

di fference betypprasyafnoward] ivnaretid pubpoiRitacly crdbakiing sdieahpesreatnt he
nature of said high density conpressed |liquefied gas that 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

iﬁ. i thceil féer eNncen 'Cilleéalﬁnl\é@d 32%61’1& bysw@ P W1 OYYRLES, b ds&éﬁrwce
li quefied gasp é‘ﬁpg fprt 5“{'%@ og%cf'g ¥ °E@gﬁ%&ﬁ‘é?flq%8f2‘e‘gpié‘ acﬁ’p@z?ﬁ}lﬁ%
massi ve cont antleaning svessiedtanchoontanted by supetrcartisigal Flulddnjacteddérome

pressure cl eanpigsidesem vbS%b‘i BRSO ﬂtméﬁsre?p?ﬂwﬁm B fiperbRrtd g&i%&ants
and further perfect cIe gaai assure o]

affecting the BREPFYS 5& |‘E°§‘t@)‘?b8ﬁ§T’5rﬁ gl oo %#'? a‘?t? t%g)élgfaﬁlﬁlrgg

and continued ¢leaned are dissolved and transferred 1nto said supercritical fluid,
which supercritical fluld containing said contaminants i{s then
transferred to a separation tank and decompressed to reduce its

density so that these contanminants precipitate for removal, and

further the supereritical flufd purified.with these contaminants

" removad i3 stored with 1ts density recovered for reuse; ‘ '

a method for cleaning and recirculating solvent, wherein a

high density compressed liquefied gas existing in both regions (20)

of near-critical as well as supercritical state is employed as

solvent the entire transfer of said solvent is achieved without

requiring use of any high pressure generating device by feeding

under pressure resulting from vapor pressure difference between
vaporization and liquefaction taking advantage of the nature of

said high density compressed liquefied gas that the closer to its

eritical point the smaller the energy required for vaporization by

heating or liquefaction by cooling ‘and by gravity settling at a set

[
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t hrough recycling of the solvent. 9. . (Ceaning nmec ' '
supercritical fluid cleaning equipnent, said nechanism qmmw :Im”ml“l“la
pressure cleaning vessel (101) provided with a cl eani ng basket *(162)% *
supported in a space within said pressure cl eaning vessel for acconodating
the objects tdififerehcani lenel hankedauptly dthenvepsr Pressure (HILRFeNeL spr ay

Sessel furt ﬁ?‘ﬂﬂ?ﬁ%‘? e mﬂ"‘“ﬁ%%ﬁ?g’t‘é’ %gséﬁl Z‘??%ﬁ" e e 305)
di sposed in t 8 |5(?PP:V n?‘h&r\?eg &%sgﬁngf\e/\%wggne?a ors
(106) direct edlemmmmasamelemﬂialmdnaahsl mwweaheu ear be domgdirtely said
cl eani ng Vessfemc{ved out%.d’%r Eﬁééﬁr"elsﬁﬁﬁé’vﬁ Yﬁéﬁ?ss@ioﬁﬁuse‘wé%}ﬁﬁn\@ p&- means

for controllin €F a aced er a ranc

m
pressure cl eaﬂlgmﬁi%@é'l t{‘ﬁo@.‘)"‘fﬂ“ﬁé@ép VRRY Wé"h&geaeeﬁ% ‘ﬁ‘gf iﬂﬁl atter
the cl eani ng pEHGRHS b§ntorrad agmwlm anayéavmmwnlmre@enagmm pnsuspended

fromunder sa ur. r nsi on
vessel (112) éﬁ%&ﬁ B e SRl ik FRAE ppiftiuion tafecaliel &R Khu iRd ]
over said prethtoughcresyelheg wéstha 39103151? sai d expansi on vessel providing
vapor - phase comuni cation with as well as a recycled supply of liquid phase
to the pressure cl eaning vessel. 10. A supercritical fluid cleaning
equi pnent .wherein a closed recycle system conpri ses: -a ¢leanin

mechani sm acc@rdi ngCleaftinagmeéchanism aimugmmmngpm&prfd@édd CIlleqnéﬂBed

gas supply cyl 1 d h ism 1
oqui pped i ¢ heﬁgg@;ens 2481d mee compr sin

or - control era and pl.a ver
pressure cleaning VeFEESSEEg QL °§6‘ gg ¥ sﬁllogmﬁ) ‘iaﬁdgr%‘ av\ff%n[lﬁé
upper porti on baBketi (i 02)esuppartedc dnes wpaessei‘cl'(il'o@aianm‘u&uragelﬁmins

Mecei ving the yppey aﬁﬁ&oﬁl@ﬁﬁ;ﬁ%cﬁpb ob Joots & GO ake %S BlurelZf) of

connected hal fway_ t e

et \ieen . sai conpr.essed
li quefi ed gas NoBRHAY, (303) r\'-&e?ml(blélﬁp”&ﬁf&fsépﬁp‘{ﬂsé%&r‘@“gﬁ e‘gﬁ'ﬁﬁgxé %g}
(101); and objests ccopbessluated| ewidnglemmdiag! veskal) fartthepr prosiided reidiver y

vessel (102), éﬁahgiiHﬁgp 5kt Ynd LOUE] 15He RS ¢Ybd W Epdded* n e votton
of said. cleaning vessel and socund wave generators (106) directed
towards said impeller and disposed in the side walls of said
cleaning vessel.

a pressure recovery vessel (108) equipped uith means for
controlling temperature and placed under and branched from said
_pressure cleaning vessel (101) for receiving the used cleaning -
liquid after the cleaning proeess and having a drain cylinder (110)
_detechably suspended from under said pressure recovery vessel. and

a low pressure expansion vessel (112) equipped with means for
controlling teamperature and placed over said pressure.cleaning
vessel (101). said expansion vessel providing vapor-phase
communication with as well as & recycled supply of liquid phase to

" the pressure cleaning vessel

10'. A supercritical fluid cleaning equipment wherein a closed
_ recycle system comprises

a cleaning mechanism according to.Claim 9; _
a high density compressed liquefied gas supply cylinder (12&)
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préssure cieaning vessel (101) are connnunlcatlng betme
~ upper portions thereof for providing comrunication bet ME "ﬂor

in the respective vessels, a solvent raw materi al cyli n M S spl aced
over said.pressure cl-eaning vessel (101) and provided with neans for
controliing tequippadintth aeans $or dontielijng dremperatare aadvpldeed heyepr saidur e

¢l eani ng vessedpeésﬁp&@mm‘fga%@ub@wﬁeaot&setbe@wabvsomaaféaﬁ%twmﬁ for
pT’éw di ng corrr%nl cal ton between the upper vapor: t he r? qoécéﬂa/e vessel s.
11, A Super ciie; HRRAT PPRRIAN AfcaRid GRS RAROVERL YERTeLa (1 ey
system conpri st receiviag dheaupey varathemsteomprding to Caim9;

hi gh density cowpregaeg,&hg.@{ k,‘égsglagéﬁgpéoén‘éé!{éd‘%ﬁir& ‘%heeﬂﬂi il

means for controlli uré an sai d ure cPeanl ng

vessel (101) sbings b@g"ﬂﬁﬁ)\ﬁﬂé‘ BéMﬁﬂ?&tWoﬁWPﬂﬁﬁeﬁel&% 1%90ﬁﬁﬁoﬁuﬁﬂ13§a|d
pressur e reCoveynues (et | ¥R) selidprésaupgcelokhinigveasing10fy: wnper vapor

foed |1 ne between sSRRHATSdER{1epRRR el (T HChraguleibebdiony 041 ¢
cyl i nder . (124)V%ﬁﬂ91$éﬂ@2br @Qwrhisbl dens ity \]:@Q%%ﬂleglaﬂg eylgndext t@ §gl aatht is
punped throughpreddtie: R1BEAYES d@ml( %iai)fimc%ﬂhﬁuﬁpémaizg 'va%EBH SER

cylinder (116) to t 1T,éressure | eani Nng_ vesse for

operating a cl B&FRfFITEC HBRPS RAELGNS, ﬁeﬁﬁbféﬁ(’mpgg’%@@ ﬁ:omimﬁmgggggo
i nvol vi ng i npubétivezm thé alpparevabdrf inutie r@shectiives vbymaisqgr acsalvend raw a

singl e high de e pef s,&%nfggni;

c: egned :agd pr@en%%ﬁ%%@egggﬁem glﬁged °§%“ ro |Ec A ophgfl3
surfactant or EW\‘%&%P”H‘&W Wifhi pes tGr'bSP Iﬁg’iiyﬁhf:?'%erm R pBBhilic
ol vent to theesmumBhinglrmgbnmuanhrmi'a:telthveemsezdsut'e clamatiagswassalll dor
mcelle phenonsamn\ifehetba "EB{-.Qé/e%S thé S0 BV Rbp & bobtfishd 2BrOprdy1RYRET 1 NT

r e- adhesi on of contam na
_ communlcaiton between the upper vapor in the respective vessals.

1. - A supercritical fluid cleaning eqﬁipment wherein a closed
recycle system comprises: , Co

a cleaning mechanism according to Claim 9;

a high density compressed liquefied gas supply eylinder (128)
squipped 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 halfway 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 prassure cleaning vessel

- (101},

'12. A method for- operating a cleaning mechanism according to Claim
9 wherein. in cases invalvmg impurities which are difficult to be
dissolyed or cleaned in a single high density compressed liquefied
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gas, contaminents are cleaned and prevented Prom reé-adhesion by
adding hydrybphil‘i‘c"', lipophilic surfactant or surfactant having
'at_‘r-ini_ty to both hydrophilic and lipophilic solvent to the solvent
through an entrainer vessel to create so-called micelle phencmenon
which improves cleaning power and function of preventing re-adhesion
of contaminants, ' ST
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