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SELF-CLEANING LOW TEMPERATURE REFRIGERATION SYSTEM

‘This invention was reduced to practice with Government support under

the Department of Navy Contract N00014-94-C-2164, awarded by
ARPA. The Government has certain rights in the invention.

Field of the Invention

This invention relates to closed-cycle, cryogenic refrigeration systems
using multi-component mixed-gas refrigerants and oil-lubricated
compressors. In particular, it relates to devices and methods for
separating oil and other contaminants from the working fluids in such
systems.

Background of the Invention

Refrigeration systems for attaining temperatures down to about -40° C,
such as those used in domestic refrigerators and freezers, operate on
the vapor-compression cycle. In the first step of this cycle, a low-

pressure refrigerant vapor is compressed by a simple oil-lubricated

it

-40[err] C,
operate on the



heat ,and gondenses. The condensed liquid refrigerant, with some entrained
oil dissolved init, passes through a fine capillary tube, 5 throttle, or
restriction into a | arger chanber at a | ower pressure, where it evaporates
and absorbs heat. The | ow pressure refrigerant vapor and the oil are then
returned to thWOMAS of the conpressor, cl,osing the cycle. RETUSSGD4200
tenperatures, dowmn to the -50 Cto -100 C rgnge, can be achi eved by
cascadi ng two vapor-conpression cycle refrigeration systens. The first

systemrefrigerates down t&‘t he -20. C 1o -40‘¥,er r.k C range_as_ desechi bed
above, while THRPIESERE SYSRAR AFOIATY, UARE L RIFIM FMHPIESI0 B3 Vagm

100- C range ysiniredsh@ Aot tHBnPehilrs 1n diflddd1BAndehter Whkrd ft loses

operat e such casc¢ade refrigerators conti nuously, e conc on 0O

in the | ow boheafhanbidindehsésier The é@ﬁ&eh%e&elmndidNréfﬁ ghasi® With séme
e

remai ns di ssolved in solution and does not clog t | ow-t énper at ure

capillary, blentrainedheilr dissgjsreshtinf itpvpasseshdhgough ias fines capillary tabej n

t enperatures below 20 -100 C using these ':é_(l:hni qgues, iUCh cascaded
refri ger at§ onthrpttlenor irgstrictiogdntg alangeschamberata lower pregsure; where
Mor eover, one, nust_either uafeaﬁgditi nal rigeration circupts or in%her

pressure conpiteL¥apRrates; an _?EIFE tC(r) S IRWeBRESEG Jefragerant vapor
have boen aciad ShETRERe then rEAlndd s thadradRl of the cftBrésddy Bodippthe

sever al refri@Qﬂé’nts having different boiling points. In this nmethod of
refrigeration,” a sinple conpressor pressurizes the refrigerant m xture,

10 Lower temperatures, down to the -50° C to -100° C range, can be
achieved by cascading two vapor-compression cycle refrigeration
systems. The first system refrigerates down to the -20° C to -40°C
range as described above, while the second system refrigerates further
down to the -50°C to -100° C range using a low-boiling-point

15 refrigerant. In order to operate such cascade refrigerators
continuously, the concentration of oil in the low-boiling-point
refrigerant must be kept low enough so that it remains dissolved in
solution and does not clog the low-temperature capillary, blocking the
refrigerant flow. Although it is possible to attain temperatures below

20. -100° C using these techniques, such cascaded refrigeration systems
have clogging problems at these lower temperatures. Moreover, one
must either use additional refrigeration circuits or higher pressure

compressors, both of which add cost and complexity to the refrigerator.

2s Temperatures down into the -100° C to -200° C range also have been
achieved using a single refrigerant stream with a mixture of several
refrigerants having different boiling points. In this method of

refrigeration, a simple compressor pressurizes the refrigerant mixture,
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portion of which condenses when cooled to ambient tenperature by an

air-cool ed condenser. The liquid portion is then separated fromthe vapor
portion in a |liquid-vapor separator and allowed to expand through a
capillary, caU¥PA¢36dSto evaporate and cooly The evaporated 5"!‘—%

t hrough a heat - exchanger where it cools the vapor comng fromthe
separator, and then flows back to the conpressor. Meanwhile, as the vapor
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further, just | i qui d-vapor separation and

count er - cur rghg sr ? ortiorgin a hqmddvaporesapamlter lanet sillowed terextpanad
tenmperature. In ype of refrigeration system oil fromthe conpressor
is largely 1ﬂ1mughra capillany; causingcifito evaporate and: eeok.i The evgporategor
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and cl og the system
heat-exchanger, a portion of it condenses. This condensed portion is

Ses

then separated from the remaining vapor portion, evaporated and
10 used to cool the remaining vapor portion further, just as before.
Several such stages of liquid-vapor separation and counter-current

heat exchange are used to reach the lowest refrigeration temperature.

In this type of refrigeration system, oil from the compressor is largely
15 concentrated in the liquid fraction of the first liquid-vapor separator
and returned to the compressor via the first counter-current heat
exchanger. Likewise, the higher-boiling-point components of the
mixture are successively removed from the refrigerant stream as it
proceeds through the stages to the lowest temperature stage, thus
26 removing these components from the stream before they can freeze in
the lower temperature capillaries and clog the system. This
refrigeration method, however, does not provide an effective means for
purging the refrigerant stream of all high-molecular-weight
contaminants that can clog the flow at low temperatures. Moreover,
25 the phase separators add cost and complexity to the refrigeration

system.
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of these singl e-st ream m xed-refri gerant systens were first described by A
P. Kl eenenko, "One Fl ow Cascade Cycl e", Proceedings of the Xth
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cryogeni c refﬁtﬂerdﬁdc‘i‘ibédsb RUcKleemenkey Y"@ﬂ@ Piewe nCﬁEciaéO e”,
Systens" by A Arkjarov, I. rfenina and Ye. Mkulin, Mr Publ |sher

Moscow (1981)Prd¢eedmgs ook bhqor)éﬂehtbmatidmalcﬁdn&gmss dencRi dmtftbri
Mssiner in U S. Patent 3,768,273 issued in 1973 SSi mer obt ai ned nore
stable 10 aridopenhiagenssiiidé-3he(199%n Bergamon Pess, Londenal They have
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several phasevgifehfi® #nd Ye. Mikulin, Mir Publishers, Moscow (1981). An

important improvement in the cycle was described by D.]. Missimer in

U. S. Patent 3,768,273 issued in 1973. Missimer obtained more stable

10 and lower pressure operation by making only a partial liquid-vapor
separation at each stage rather than a complete separation.
Nevertheless, Missimer's improvement on this type of refrigeration
system still has low temperature clogging problems due’to high—
molecular-weight contaminants in the refrigerant stream, ‘and still

15 requires the use of several phase separators.

Other authors have described the use of mixed-gas refrigerants to
attain low temperatures without the use of expensive phase separators.
Most notable are those refrigerant mixtures containing a mixture of

20 nitrogen with some of the lighter hydrocarbon gases, such as methane,
ethane, propane, and iso-butane. Similar mixtures containing, in
addition, some of the Freons have been described by Alfeev,
Brodyansky, Yagodin, Nikolsky & Ivantsov, British Patent 1,336,892
(1973); W. A. Little, Proceedings of the 5th Cryocooler Conference,

2s  Monterey, (1988); W. A. Little, Advances in Cryogenic Engineering,
1305-1314 (1990); C. K. Chan, Proceedings of Interagency Cryocooler
Meeting on Cryocoolers, p.121 (1988), and R. Longsworth, U. 5. Patent
5,337,572 (1994).
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filters) int@uidefgibfedianes/ contdhinaits) abthWatef Yapbridolve introducing

filters (e.g., a molecular sieve or a series of activated charcoal

adsorption filters) into the high-pressure line or pressure-swing dual-

10 adsorption columns. These filters, however, are expensive and add
complexity to the system. Moreover, they add substantially to the
volume of the refrigeration system, resulting in refrigeration systems
that are large, bulky, and have start-up problems.

15 Contaminants that can cause clogging of the capillaries or expansion
valves are of two general classes. The first class of contaminants
includes the residual oil that remains in the stream after it passes
through the oil separator. This residual oil can precipitate out of the
refrigerant solution at the lowest temperatures and cause clogging.

20 The second class of contaminants includes the products from reactions
between the oil and the refrigerants, as well as high-molecular-weight
residues extracted over time from various sources in the compressor
such as the wire insulation, the lubricant used for winding the wire,
plastic insulation, castings, the oil, and the case of the compressor.

25 Although a simple cyclone oil separator can remove much of the
entrained oil from the hot vapor coming from the compressor, it is
ineffective in removing the more complex residues in the second class of

contaminants.



10 adsorption colums. These filters, however, are expensive and add
conplexity to the system Mreover, they add substantially to the vol une of
the refrigeration system resulting in refrigeration systens that are

. large, bulky, and have start-up problens. 15 Contam nants that can cause
cl oggi ng of t h&QXWMSaries or expansion valves are of two gerf&TAIS994200 o5
The first class of contam nants includes thegresidual oil that remains in
the streamafter it passes through the oil separator. This residual oil can
precipitate out of the refrigerant solution at the | owest tenperatures and
cause clogging. 20 The second class of contam nants includes the products
fromreacti or@Bjecmdw&vmtagu(bﬁm Indentgenants, as well as

hi gh- nol ecul ar - wei ght _resi dues extracted over tine fromvarious sources in
the conpressadn yview of theabove, itrisa prirarytobject ofithenpresent nrerviioniitag
the wire, plastic, jnsul ati stings, the oil, and.the case of the

comressor . B0V uSHTPlS] ADdcEXPEREIG refiiperation syptemmnHhat cambsr
nef ot | v 1sPRuRBORRLY SpeiRled 3 dhat Mbrittbrabiifits PORHP EERAGRe.  Lls'qleo

contam nant s. agn objétY¥ ention to provide a means by which the working flui
PCT/ US96/ 0420%“8 gajtects and Advant ages o‘? the I nve tWon & uid

of a mixed-refrigerant cryocooler can be continuously purged of both

high and low molecular weight contaminants. It is a further object of
the invention to provide such means which is simple, .inexpen'sive,
10 contains no moving parts and does not add significant volume to the
refrigerating system. Further objects and advantages will become

apparent from the following description and drawings.

Summary of the Invention

15 The present invention includes a novel method of separating residual
contaminants from a refrigerant stream. It is based upon the fact that
the contaminants are generally more soluble in the liquid fraction than
in the vapor fraction. In order for this fact to be effectively applied to
separation, however, the liquid and vapor fractions must be kept in

20 equilibrium with one another so that an effective partition between the
two phases can occur. The present invention achieves this equilibrium
by using a miniature fractionating column containing a packing which
presents a large surface area to the vapor. This column is inserted in
the high-pressure line from the compressor after the air-cooled

25 condenser and is cooled by a returning flow of low-pressure vapor from
the counter-current heat exchanger. As the vapor flows upward
through the column, a condensate forms on these cooled platelets and

washes down through the column. Consequently, the residual



In view of,the above, it is a primary object of the present invention to
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another sb that an effective partition between the two phases can occur.

The present {wvendi eV LS _equilibriumby using a mniature
fractionati n??%ﬁﬂﬁggm%nﬁﬂgﬁnﬁcki ng which presents a |l arge surface
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returning flow Ofsystéhpﬁé@@diﬁ 8Ptle iriventibAa, count er-current heat
exchanger. As the“vapor flows Upward through the colum, a condensate forns

on these cooFigure 2tislaecrosssectional view of a fractionating column and liquid-

10 vapor separator according to the invention.

Detailed Description
A preferred embodiment of the invention is shown in Figure 1.
Circulating through the system is a refrigerant mixture composed of 8%
15 propane, 8% n-butane, 12% argon, 7% nitrogen, 18.5% R14, 14.5%
R134a, 17.5% R23, and 14.5% R123. Other refrigerant mixtures of
different composition can also be used, such as the mixtures described by
Missimer, Alfeev et al, Longsworth, Little and others. A simple oil-
lubricated compressor 12 compresses a low-pressure returning stream
20 of the mixture to a pressure of about 17 bar. This compressor can be, for
example, a conventional piston or rotary vane compressor. The
preferred embodiment uses a Danfoss FF8.5GX compressor with a
displacement of 8 cc's, operating at 60 Hz (3600 rpm), drawing
approximately 300 W input power, fully oil-lubricated with a 400 cc's
2s  charge of Polyolester oil.

The refrigerant mixture emerges from the compressor 12 as a hot vapor

with about 2% entrained oil from the compressor contained in it as fine
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| i quid condensate than in the vapor, are separated fromthe vapor fraction,
collected in the bottomof the colum, and washed away. The d Wmthi S
process wl | bWOSH0RS car from the cool i ng §yst em described b .
Description of the Drawings Figure 1 is a schematic representation of a
self-cleaning refrigeration systemaccording to the invention. Figure 2 is
a cross-secti lets. eThe! mixture themenhters a dyclonewil separator 14, where dher
separator according to the invention. Detailed Description A preferred
enbadi ment ofdnopletsiase: thrown againsti theiwalleof the separatorg coaleses; and
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conpressor caf the vapor liquefies. The liquid and vapor fractions of the resulting
refrigerant stream are then separated in a cyclone liquid-vapor

separator 20.

10 The liquid fraction of the refrigerant flows through the bottom of the

- separator and into the top of a counter-current heat exchanger 22

where it is pre-cooled by a stream of cold vapor returning from the low-

temperature portion of the system. This pre-cooled liquid, which is at

high pressure, then passes through an expansion capillary 24, causing it

15 to evaporate and cool further. The evaporated liquid then joins the
returning cold vapor stream part-way through the heat-exchanger 22.

After this stream of cold vapor exits the top of the heat-exchanger 22, it
flows through a tube coiled around and bonded to the outside of a -

fractionating column 26 where it cools the top half of the column.

20 Finally, this cool vapor stream returns to the low-pressure side of the

compressor where it repeats the cycle.

Meanwhile, the high-pressure vapor fraction of the refrigerant in the
liquid-vapor separator 20 rises up through the cooled fractionating
column 26 and flows into the heat-exchanger 22 where it progressively

cools and condenses as it flows down the heat-exchanger. The high-

ts
0

- pressure liquid then expands through a capillary 28, cooling further as it

evaporates. Now at the lowest temperature stage, the resulting cold
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nost of the oil, | eaves through the top of the 5 separator 14. It then
enters an ai{notshiowin}.ondenser 18 where a portion of the vapor |iquefies.
The 1iquid and vapor fractions of the resulting refrigerant streamare then
separated in a cyclone |iquid-vapor separator 20. 10 The liquid fraction
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through an gepaperat FAapjedtathattight vekodity ihto a cyclone chamber 32 through

the inlet tube 34. A vortex forms in the center of the chamber, foréing

the heavier liquid fraction to the outside and the lighter vapor phase
10 closer to the core. The liquid contacts the wall and drains down a
conical section 36 and out through a liquid line 38.

Meanwhile, the vapor phase moves upwards through a supporting
wire screen 40 and into a packing of many small metal platelets 42. Ina
15 preferred embodiment, the packing used is "Pro-Pak protruded metal
packing, 0.16" PMP, Type 316 Stainless Steel”, available from Scientific
Development Company, P. O. Box 795, Pennsylvania 16804. This
packing is cooled by a stream of cold vapor passing through a tube 48
which is wrapped around and brazed to the outside of the column. As
20 the vapor passes up through the cool packing, a portion of it condenses
on the platelets and washes down and out the liquid line 38 at the
bottom of the separator, faking with it any residual contaminants that

may have been present in the vapor.

25 The composition of the refrigerant mixture is designed so that, at a
fixed pressure, the vapor condenses to liquid over an extended
temperature range (preferably ranging from the ambient temperature
down to the operating temperature of the refrigerator). Consequently,



15 to evaporate and cool further. The evaporated liquid then joins the
returning cold vapor stream part-way through the heat-exchanger 22. After
this stream of cold vapor exits the top of the heat-exchanger 22, it flows
~through a tube coil ed around and bonded to the outside of a fractionating
~colunm 26 wher WO%/39685| s the top half of th¥ columm. 20 Fi nalRGI/USP420& 00|
vapor streamreturns to the | ow pressure side of the conpressor where it
repeats the cycle. Meanwhile, the high-pressure vapor fraction of the
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Since high-molecular-weight contaminants are more soluble in the

liquid phase of the refrigerant than in the vapor phase, they are carried

down the column, drip out of the bottom of the packing with the
10 condensate, collect in the liquid-vapor separator, and are swept out

with the liquid fraction through the liquid line 38. Consequently, the

vapor emerging from the top of the packing is cleansed of all oil

residues and contaminants. This purified refrigerant vapor then rises

up through an upper screen 44 and out a vapor line 46 to the lower
15 temperature portions of the refrigeration system.

The dimensions of the column are chosen so that the vapor velocity
through the packing is low enough to allow the condensed liquid to flow
down the column against the flow of the vapor rather than up. The
20 ratio of the height to the width of the column should lie between 3:1 and
10:1 to obtain the greatest separation efficiency with the least
impedance to the flow of refrigerant. The preferred embodiment uses a

column 4" in height and 1" in diameter.

[ X ]
w

A prototype of this system cooled down to 141 K in 45 minutes and
attained a refrigerant capacity of 30 W at 150 K. 1t ran continuously for
- 1000 hours (42 days) with no signs of clogging. This method of low-

temperature refrigeration, therefore, provides a simple refrigeration
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merely as one illustration of how the disclosed method may be

implemented. Many variations are possible in the composition of the

10 refrigerant and in the materials and components used in the system..
This method can also be used with refrigeration systems having
different designs. For example, although the above system uses a single
fractionating column at the warmer end of a single-stage cycle, it is
obvious that additional fractionating columns can be included at lower

15 temperature stages in a more complicated multi-stage cycle. These
additional fractionating: columns would be introduced where liquid-
vapor separators of the conventional type would normally be used, as is
described by Kleemenko and Missimer. These additional columns are
needed for continuous operation at still lower temperatures, where one

20 of the higher—bbiling—point components of the mixture tends to
precipitate out from solution and clog the system. In addition, as
Missimer has pointed out, complete vapor-liquid separation is neither
necessary nor beneficial. By allowing all the liquid contained in the
separator to pass through' the capillary restrictor 24 along with some

25 additional vapor, no build-up of liquid can occur in the cyclone

separator 20 nor flooding of the fractionator 26.



conti nuously condenses on the netal platelets. This condensate wets the

pl atel ets" and slowy drains down the colum. Since the wetted platelets -
present a very large surface area to the ascendi ng vapor 5 stream the
exchange of nol ecul es between the |iquid and vapor can occur w [

ease, thereby VOPEHMy equilibriumto be atfained. Since P&’GSM%

hi gh- nol ecul ar-wei ght contam nants are mor dsol ubl e in the | i qui d phase of
the refrigerant than in the vapor phase, they are carried down the col um,

drip out of yhediiante’ nididl platelets, W varidly o differdanrickingoiniatetials
the |iquid-vapor separator, and are swept out "with the Ilqltilgd fraction

through the taaubd hised @8 .theofractiomator cobemmpsuchnas glagst beadshglasp
187 i oo e cbaerk S SHchaleBate et
System The SomnSciGRGifis SHRPITOhORIES for e BACKIRE iof ditiiatifr cdiimksr)
Gown the. So1 BIRGHER the AR shbcplre kel B refGTed cibpditentas
bt ai n 1 he B B g b A P et Ao o) e
flow of refriaeiedhby d5anuchf as'3% wiflwiinaltering the sighificant attribateshof

and 1" in dianeter. 25 A prototype of this system cool ed dowy to, 141 K. in
45 ninutes athie anixiured Inradditipn,othiscmetbod,may be used with other mhtic

continuously for 1000 hours (42 d W th no si.gns_of clogging.; This
net hod of | gﬂomponent reFrigegant n?&%:es i’\avmg similar prope%&es.g In view of
10 these and other possible variations, the scope of the invention should
not be determined by the details of the above description, but by the

following claims and their legal equivalents.




tenperature refrigeration, therefore, provides a sinple ref % Il“m“llumll
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be continuously operated at Iow1tenpe aMﬂgnggyymggs gglng

fractionating _col utms purges the refrjl ger arHepaEEY © bot h h and | ow
nol ecul ar wei MR6MBani nants, cont ai ,and U395104200 4

significant volune to the system 5 Ram fications and Scope Although the
above description contains nmany specifics, 4t is intended nerely as one
illustrati orcfginlggw t he di scl osed nmethod nay be inpl enented. Many
variations are possible in the conposition of the 10 refrigerant and in
the materials and conponents used in the system This nethod can al so be
used with refrigeration systens having different designs. For exanple,

al t hough t hd claime system uses. a single fractionating colum at the warner
end of a single-stage cycle,. it is obvi ous that additional fractionating
colums can be included at | ower t enper at ure st ages |n a nore

be Tt r oducdn wheh BB AGF 16 Th‘esepﬁﬁfﬁcﬁ%‘@a{r&@%ﬁ AFdmiRaR &rdRll o
addi (i ondl col 5%?3??8%@@??&‘*? 5 LAt ?‘%ﬁ‘%&éﬁ Fﬁsﬁ&x&m 2

tenperatyres, whejgsglecycle cryogenic refrigeration system having a

4 predetermined operating temperature, the device comprising:

5 a packing material through which the vapor fraction flows
6 upward;

7 a cooling means for coolihg the packing material sufficiently
8 below the temperature of the vapor fraction so that a
9 condensate of the vapor fraction is created on the surface of
10 the packing material; the surface of the packing material
1 presenting to the vapor fraction an area sufficiently large so
12 that equilibrium between the condensate and the vapor is
13 maintained; and

14 a collecting means for collecting a portion of the condensate that
15 drips down through the packing material,

16 whereby the high-molecular-weight contaminants are extracted
17 from the vapor and washed out with the portion of the
18 condensate that drips down through the packing material.

19

1 2. The device of claim 1 wherein the packing material
2 comprises metal platelets supported by wire screens.

This Sheet Has Been Replacéd

A




20 of the_higher-boiling-point conponents of the nixture temmﬁﬂmuu " l““l
precipitate out fromsolution and clog the system_1n additi oW Qs .

has pointed out, conplete vapor-I|iquid{Fepararror—rs=—mei=tfier necessary nor
beneficial. By allow ng all the |iquidjcodntSPmnERT HAS BEENsEpar at or to pass
t hrough the capVOPE39% estrictor 24 al i REPEARED25 aditiwsﬂ&!??,
no build-up of liquid can occur in the cyclone separator 20 nor floodi ng of
the fractionator 26. WO 96/.30695 "

PCT/ US96/ 04200 12 Bn adghbidet/ice dFeila Yeérdis th Wit% dnglt 1968s a
packi ng ma?eri al s gén gghgsdegdhlkg t he ?‘r‘glc?fonatorthggl um, iSktiJch agég%ss
beads, glags spirals, pstreahriof qoldcrefrigerantrpassing threughuartube eviapped
are avail able fromscientific supply houses for the packing of distillation
col ums. 53 Al though taeoundthggracking: xture used in the preferred

enbodi ment has specific percentages of various conponents, these

percent age$ may be varied by as nmuch as 3% wi thout altering the significant

mul i+ combonent 8111 oBREnASREL AL HabR, & R IECeBIRE e pledts,

10 these apd ot her possj L af | =3 Hne %ﬁﬁu
not be detgrm' ned bs th%%rglg?ésa%é iEg yg?\gfggggﬁtgtﬁ“gﬂw\guﬁtﬁiq e f6r
fol lowing glains and t herryknga liquid frhetion of the refrigerant. |

4

1 5. The device of claim 1 wherein the refrigerant mixture is
2 chosen so that the vapor fraction condenses, at a fixed
3 pressure, over a temperature range extending from the
4 temperature of the vapor fraction down to the
5 predetermined operating temperature.

) _

1 6. The device of claim 1 wherein the refrigerant mixture
2 | ~is comprised of 8% propane, 8% n-butane, 12% argon,
3 | 7% nitrogen, 18.5% R14, 14.5% R134a, 17.5% R23, and
4 - 14.5% R123.

5

1 7. A method for removing high-molecular-weight contaminants

2 from a vapor fraction of a multi-component refrigerant mixture
3 in a closed-cycle cryogenic refrigeration system having a
4 predetermined operating temperature, the method comprising:

5 passing the vapor fraction upward through a packing material
6 which presents a surface area to the vapor fraction;

7 cooling the packing material sufficiently below the temperature of
8 the vapor fraction to create a condensate of the vapor
9 fraction on the surface area of the packing material;
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Y\Dc?g{i%%? 1. A device for renoffFmehi : Pdagfgﬁunmmnmm,ﬂlm

from2 a vapor fraction of a rﬁh'&SHEEmmrseggEﬂ frigerant m'Xtd're in*a
3 closed-cycle cryogenic rifri gefBRUADED Syst¢gm havi nga

predet er mi ned%{‘(aﬂﬂ’ng t enper at ur €, : lising: 5 mswoazoo
packing material through which the vapor fradbion flows 6

upward; 7 a cooling neans for cooling the packing materi al
sufficieptly 8 f |

that a 9% mamtanxé\éng %@ml&tqh'}ﬁvapor #ﬁacgl odnﬁ%“%?ﬁ%é th'H}gﬁﬂ',
surface ¢f 10 and he packing material, the surface of the packing

material presenting to the vapor fraction an area sufficiently large so 12

that equid i bri um dollesting ahportion oftheccondensatethatrdrips tdown through the
mai nt ai ned; and 14 a .collecting nmeans for collecting a portion of the
condensat® that 15 pac gmatpsl wn t hrough the packing materl al ,

the vapoh and wasHBETeRY the TEReTIIRCRIAF Seiphl Contaminants ate e

15 from the vapor and washed out with the portion of the
16 condensate that drips down through the packing material.

17

1 8. The method of claim 7 wherein the packing material
2 comprises metal platelets supported by wire screens.

3

1 9.  The method of claim 7 wherein the cooling step comprises
2 passing a stream of cold refrigerant through a tube wrapped
3 around the packing.

4

1 10. The method of claim 7 wherein the refrigerant mixture
2 condenses, at a fixed pressure, over a temperature range
3 extending from the temperature of the vapor fraction down
4 to the predetermined operating temperature.

) .

1 11. The method of claim 7 wherein the refrigerant mixture is
2 comprised of 8% prdpane, 8% n-butane, 12% argon, 7%
3 nitrogen, 18.5% R14, 14.5% R134a, 17.5% R23, and 14.5%
4 R123.

5

1 12. A method for extracting high-molecular-weight contaminants
2 from a vapor portion of a refrigerant mixture of low-molecular

3 weight gasses, the method comprising:
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2. “The dovi ce of claim 1 wher e o sagk Em{mﬂlﬁﬂl RER A

conprises netal platelets supported| by WggpiagEeens. Thi s Sheet LHaé'_Béen*

Repl aced WO 96/ 30695 p——
PCT/ US96/ 04200W096/30695 3 The device of claim 1 wherein the ESOTYSR§04300,ns
conprises a 2 stream of cold refrigerant passing through a tube
wr apped 3 around the packing. 4 1 4. The device of claim

1 wherein fhe col !E&Q%i%%a?i&?onofme va ikfifre t yidld £ cdRbehsate;

separator and a |iqui carrying a fiquid fractronof

the refrigerant. 4mfaintaining phhte-étpyilibriain Between \@hér?h?ol'hﬁixture and

refrigerant mxture is 2 chosen so that the vapor fraction
condenses,¢ at a fixed the condensate; aneglire, over a tenperature range
extending fromthe 4 . tenperature of the vapor fraction down
tothe 5 7 rerppymgéhmmﬁe;mtsii ng tenperature. 6

8 whereby the high-molecular-weight contaminants are dissolved

9 in and removed with the condensate.
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1 i 4 6. The device of claim1l wherein the refrigerant m xture 2

is conprised of 8% propane, 8% n-but ane, 12% ar gon, 3 7%
nitrogen, 18.5% R14, 14.5% R134a, 17.5% R23, and 4 14. 5%
R123. 1 7. A nethod for renoving high-nol ecul ar- melght contanmi nants 2
froma vapor fVWOOBMESof a nulti-conmponent refrigerant m xtur &CHUS6N4200 [, 5

cl osed-cycle cryogenic refrigerati on system haV|ng a4 pr edet er m ned
operating tenperature, the nethod conprising 5 . passing the vapor
fraction upward through a packing naterlal which presents a
surface area to the vapor fraction; 1/2coo| ing the packing materi al
sufficiently below the tenperature of 8 the vapor fraction to
create a condensate of the vapor 9 fraction on the surface area
of the packing material; WO 96/ 30695 - '

PCT/ US96/ 04200 15 10 mai nt ai ni ng equilibrium between the condensate
and t he vapor; 11 and 12 collecting a portion of the
condensate that drips down through the 13 - packing material, 14
wher eby t he hi gh-nol ecul ar-wei ght contagjnants are extracted 15 from
t he vapor and washed out with the porti of the
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16 . »condensate that drips down through the packing material. 17 1

8. The nmethod of claim 7 wherein the packing naterial 2 I
conprises netal platelets supported by wire screens. 3 1 9. The
met hod of claim 7 wherein the cooling step conprises 2 assing a
stream of col WOPERIYerant through a tube w apped 3 PCT“EW@HWH t he
packing. 4 1 10. The nethod of claim 7 wherein the refrigerant '
m xture 2 condenses, at a fixed pressure, over a tenperature
range 3 . - extending fromthe tenperature of the vapor fraction
down 4 to the predeterm ned QE? éZing tenperature. 51 11
The method of claim7 wherein the refrigerant mxture is 2
conpri sed of 8% propane, 8% n-butane, 12% argon, 7% 3 . ni t rogen
18.5% R14, 14.5% R134a, 17.5% R23, and 14.5% 4 R123. 1 12. A
met hod for extracting hi gh-nol ecul ar-wei ght contam nants 2 froma
vapor portion of a refrigerant m xture of |ow nol ecular 3 wei ght
gasses, the nethod conprising:
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condeém ng% portion of C{%S&a}a -mxture to yield mgs %‘1@]

mai nt ai ni ng phase-equilibrium between the vapor m xture and 6

t he condensate; and 7 renovi ng the condensate; 8
hi gh- nol ecul ar -wej ght contam nants are di ssolved 9
with the condens T WORID%&&O%MORGAM“ON
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