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CARBON DIOXIDE COMPRESSION AND BELIVERY SYSTEM

BACKOROUND

{8gu1} Carbon dioside (COR) compression and delivery systems can be used in many
mdustrist applications, fir oxample, & quite diffused omploy is for the cloaning of
semiconductors. For this apphication, the Sow, delivery characteristios, and gas quality

{especially in terny of cordarmnants) are of paramonnt Imporiance,

{0882} Carbon dioxide substrate cleaning where small carbon divonde particles
agplomerate o largs snowilakes 1s desenibed m the US patent S.{25.979 of Swain er ol
More particularly, Swain ef ol deseribes a cleaning process mvolving expanding carbon

1

dioxide frony an onfice o a thermally insulated chamber to o small carbon dioxide

particles, retaining the smadl carbon disxide particles m the meulating chamber ontid the

pox

1

sinall varbon dioxide particles agglomerate inte large snowflakes, entraining the large
snowflakes iy a high veloctty vortex of ment gas to acceleraie the large snowflakes, and
divecting ¥ siveam of the et gas and accelerated large suowilakes agamst the surface of

a substrate to be cleaned.

HLEHIRY US patont 6,838,508 of Leiteh ¢ @f deseribes a cavbon diowide purification
and supply systom, requiring the prosence of a purtfving lier and olements such ag
receiver tanks in order 1o manage and handle intermediate ligwad carbon dioxide. Maore
parttcularly, lefred et @l deseribe g bateh process and apparatus for producing a
pressurized Hauvid earbon dioxide stream including distilling a foed stream of carben
droxide vapor off of & lgud carbon dionde supply, intredocing the carbon dwoxkide vapor
food stream into at least ene punifymg filter, condensing the puntied foed stream within a
condenser to form an imtermediate Hgoud carbon dioxide stream, wmireducing the
itermediate Hquid carbon dioxade streamn indo at least one high-pressure accumuolation
chamber, heating the high prossure sccumulation chamber o pressurize the ligud carbon
doxide contained therein to a delivery pressure, delivering s pressurized Houid carbon
dioxide stream from the high-pressure accumulation chamber, and discontimung delivery
of the pressurized ligud carbon dioxide stream for replenishing the high prossure

secumulation chamber,
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8841 US patent application 20130253076 of Brighie ef ol discloses a method and
apparatus for purifving and comdensing carbon dimade by nwans of mnliiple vessels
copnerted it series. More particularly, a carbon dinxide-rich mixture s cooled m a fist

brazed alominum plate-fin heat exchanger, at least one fhwd denived from the cooled

nixtare I8 sent 0 @ purification siep having o distillation step andior at loast two
sticcesstve pariial condensation steps, the purification stop produces a carbon dioxide-

depleted gas which heats up sgain iy the fivst exchanger, the punfication step produces a
cavhon-thoxide veh Hound whieh i expanded, then sent o a seeond heat exclunger whare
it s heated by weans of g Tluid of the method, the exchanger catvving out an tndivect heat
exchange only between the carbon diokide-nieh Hauid and the fhuid of the msthod, the

carbon dioxide-tich hped &b least partially vaporizes i the second exchanger and the
vaporized gas formed heats up again in the fest exchanger © form a carbon dioxide-rich

gras which can be the end product of the method,

{88851 U patent application 20070204008 of Fogelman ef ol discloses Dewars
system with 2 heating thermoslectric devices for vapor generators from a lgoid phase,
such systons not usable for # reversible voncept of gas to hquid conversion due both o
the only hesting capahility of the thermoelectrie devives as well ag for the presence of

one-way valves on the gas delivery oircait,

{ea6]  US patent apphication 200470080335 of Ringham et ol discloses fluid debvery
systerry making use of thermoelectrie doviees installed on a lunited and narrow portion of

the device.

{80487 The thermoelectric effoct 18 the direst conversion of temperaturs differences {0
glectrio voltage and vice versa. A thermoslectric device oreates voltage when there 18 8
cifferent temperature on each side. Copvarsely, whes a voltage 1s apphied to i, 3t creates a

temperature difforence,

[B888]  The term “thermvoelectric effect™ encompasses thres separately dentified

effects: the Reeheck effect, Poltier effedt, and Thomson effect. The Peltier effect s the

presence of healing or cocding at an clectrifind junction of two different conductors.
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When a currend 18 made o Sow Srongh a junction between two conductors, hoat may be

generated {or removed) at the ;um,m\r;

= ?

{109 The present invention makes use and exploit reversilde theraweleotvie effory,
L the capability of devices to both cause heating and cooling. One of the most widely
used dovice oxbilitmg such behavier arp Felter dovices, while devices just causing
heating, such as Joule-Thomson based devices, are not suitable to carry out the present

ivention,

018 Use of the Peltier effect or Peltier device for flmd delivery and contrel 18
knoewn for a long ime, as described for example in US patent 3,801,204 of Jerings er ol
However, this patent does not contemplate carbon dioxade storage and hguefaction, and

the systems therein described envision the use of a comples structre including plurality

of generically defined annuls concentric channels,

f“:
e
f';

8] Methods and apparatus disclosed herein achiove an tinproved compreasion amd
delivery systemn for carbon dioxide with a shapler structure with respeet the prior art, with
partiontar reference o the number of stages invelved, and i & Hrst sspeet thereo! consists
i carbon dioxide compression and delivery system comprising a vessel baving an indet
ared an ontler, wherein the inlet s n contact with a carbor dioxide flow channel having an
external wall and an ivoor wall, wheretn carbon dioxide flows betwesn satd funer and
enternal walls, wherein in contact with and external o sard carbon dioxids flow chanael
are prosent a phurality of reversible thermesleotric dovives, charactenized in that the width
of the carbon dioxide flow channel is smmpz‘i:\;&d berween L wm and 10 mum and
wherein the minimam nwnbgr of reversible thermocleotnic dovices s three, placed

respectively in correspondence of the lower, middle and upper portion of the vessel

060121 The sdvantages of the presart invention sre associated with the shsence of a

mechanical puanp for gas compression this cawres that go contaminagion, oither m the

form of solid particles or n the form of churical substances is added to the U0, stream.
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3] Among one of the most wsefid application for example embodiments disclosed

herein 18 carbon dioxide seniconductor cleaning,

{8814]  These and other smbodiments, features and sdvantages will become apparend
to these of skill m the art upon a reading of the following descriptions and a study of the

i

several figures of the drawings,

BRIEF DESCRIPTION OF THE DRAWIRGE

H8818]  Several exemple embodiments will now be desenbod with reforence fo the
drawings, wherein like vomponents are provided with bhke reference numsrals. The

example embodiments are intended to ilustrate, but pot to bmit, the myvention. The

?

figares have the sole purpose of Hlustrating the invention, and are net to be construed noy

fed

o

3

imi:rgﬁrs}mé. as limitation of its more general breadth as encompassed by the claims,
furthermore some optional olements {piping, valves, electnical controls,. ) have not been
+

depicted a3 not necessary for its comprebension by a person of ordinary skill i the art.

The drawings include the following figures;

{88167 Figure s a side view of a carbon dioxide compression and delivery system

shown scconiing to the prosent invention;

3

B0MI71 Frgure 218 the cross-sectional view of the g 1)

80181 VPiguer 3 13 2 schomatic gas givcuit reprosentation for a twin-vessel carbon

&

diexide compression and delivery systeny made according to the present invention;

8GR Figure 4 shows a vanant for 2 twin-vessel carbon diode compression system

aceerding to figure 3, with additional cooling capability,

s

DETAILED DESCR

h

PUION OF EXAMPLE EMBOQDIMENTS

080207 It has been suwrprnismgly discovered that 8 carbon dioxide compression and
delivery system having g width of the carben dipxade flow channel comprised between |
and 1} mum and using 2 plombty of reversible theomoelecinie devices, technical

mformation and aching w sclosed 1 any of the above weleronced prior art, is
information and teaching not disclozed o oany of the above reforenced prior art, s



WO 2017/134570 PCT/IB2017/050532

specifically tinked to the technical problony of OO management {compression and

ﬁﬁ?iwzr}f} vig thermoeslectre effect.

{G68211 I the inventive concept of the present favention essentially the whele length
of the system vessel, contrittes to eooling {fur carbon dioxide compression} and heating
{for carbon dioxide delivery), meaning that the thermoclectrio devices are wdeally
uniformiy distributed over the length of vessell In the minumal configuration this
translates tn the ose of threr thermoeleotiic devices placed in correspondence of the
fower, nuddls, and upper portion of the carben dioxide comypwession and delivery system

vessel, Thie ensnre a muore efficient, iy terms of speed amd control, capability to store

carbon dioxide i Hauid form, and release tin gaseons form,

{6686221  The term vesssl wdentifies the comlatner, switable fo hold the carbon dioxide
both in higuid and gaseous form. In s simpler configuration a gas-tight cylinder with twe
openings, inlet and ootlet. Vessel inlet 10 in contact with the ingoming carbon dioxide
supply via appropriate piping, Hitings and valves, snd stmtlarly vessel outlet delivers the
carbon dioxide iy gaseous form, via appropriste piping, fttings and valves. Preferred and

most common geowmetry for the vessel Ia oviindrical,

JO00231  The terms lower and npper arg to be consdered relatively to the vessel inlet, 1
particular the carbon dioxide apper portion s the oue proximate the vessel indet, while the

2~

lower portton & the one far away from 1 In & preforred embodiment, 2 reversible
thermoelectric device placed o its npper portion means that its center placed in the first
guarter {proximate t the nlet) of the carbon diexide comprassion and dehivery system
vessel length, a reversible thermoelecirie device placed i the middle portion mgans that
its conter is placed in between 13 and 373 of the vessel longth, and Onally, g roversible
theymoelectric device placed In it Jower portion means that ity conter placed in the last

guarter {far away from the miety of the vessel length,

08241 In w prefered embodiment the carben dioxide flow channel is olwained by

surface of the vessel bedy, The gap berween the diverter and the vessel body i the sbove

defined widih of the carbon dioxide How channell In this case the tuner wall is miven by
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the diverter sarface facmyg the vessel body, Typically the diverter has the strachue of an
smpty cviinder o that its exteral surface defines with the tnner wall of the vessel the
carbon diontde flow channel, while Hs inngr part accommodates hquid €Oy, during the

appropriate systens operational phase.

80281 Diverer can be fixed o the vessel in many sRemative ways functionally
egpivalont and known to & person skilled in the art, most commonty the design s welded,
but whatever the technigue the connection needs to be gas tight, The diverter being on the
wmternal vohune of the vessel 15 in fuid conmununication with it mlet vig the swronnding

empty spaee (the U0, flow chanvel given by the distance between the ner vessel swiacs

and diverter swrface). Anocther, although loss preferable sltornative solntion for making
the carbon dioxide flow channel i given by using a double walled veasel, or o be more

precise by g vessel having an inderspace abiding 1o the 1-10mm geometrical constrams.

&

886261 The -10 mm parrow range for the €8 chanmel w usefully obisined with
diverter baving a tength comprised between 20 and 120 cm. Proferably the ratio between
the divester radins and the fnner radius of the veasel body 8 comprised between .8 and
0,98, and more preferably betwoen 0.9 and 097, In case of non-ovludneal geometnies,
possible albeit less preforable, this condition refors  the ratin of the Wsenbmmg diverter

and mner vesseld circumterendes,

{0027 It has o be wuderlined that the carbon divxide flow chanpel does got need to

run along the whole fongth of the carbor dioxide compression and delivery system vesssl,
such case achieved when the diverter length 15 maximun, Lo oqual i the vessel tength,

but in a preforred embodiment a portion of the vessel, the lowest one is free from such
element. This ensures that thers is noe hindering of the system response when the
reversible thermoelectric devicss are switched from cooling o heating, as Hguid to gag
phase transition i3 very efficient, and the absence of a flow channel 1o a Hanted (ower)
portion of the vessel snsures 3 divect contaet with the heated (vesseld walll T this regards,
preferably the carbon dioxide fow chanuel hax a length comprised between 8,250,735 of

the length of the carben dingide compression and delivery system vessel
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80281 Proforred roversible thommeelestrio devicess according to the prosent invention

are standard Pelter devices, For the purposes of the prosent wmvention B i3 particularhy

5’,&

advantagoons the use of Polttor devices capable of providing & tempersture delta between

4

A0 w0 630 with & heat removal power of S watls 1o SO watis,

{80829]  The reversible thermoelectric devices ave preferably disposed over the external
surface of the carbon dioxide flow channel and the distance between two adiscos devices
1s preferably comprizsed between 825 om and 4 om. where the distance s taken frony the

Peltior exironuties and such distance parameter refors o the vertieal or horzontal

reciprocal placement of adjacent {vertical or hortzontal) Peltier devives,

B3 Bves though the prosent invention s not limited by the spectfic way to fix the
reversible thermoelocirie devices to the carbon dioxide flow channel, such as for example,
soldering, condootive thenmal tape, msulating thenmal fape, condocting gluing paste, 1

~

wis been found that the use of s

o

thermally conducing paste with 3 thermal conductivity

value greater than 0.070 wattm*K improves the system performances in ferms of amound

Yt

of CO; per howr generated by a single svstony vessel. In particular the invertors have boeen

capable fo conswtently achieve 3.5 kedhe with a systern according to the present invention

using such solution,

o

(O0031] Proferably between 1% and 1009 of the extomal surface of the carbon
dioxide compression and delivery system vessel i covered by the ¢ portion of the
reversible thermoelecttic devices {active portion & defined as the portion of the

thermoeiectric devices cooling or heating the contacting clomenth

000321 One of the sdvantages of the present mvention 1w that the system 3(:{:-@1‘(&1}&{ $
the present invention can castly and agtomatically switch between a loadscompres

phase 10 & delivery phase simply changing the cwerent divection iy the reversibis
thermeeiectric device, so that difforently from what shoewn wy above referenced US patent
6,889,508 and US patowt application 2015/0253078 a single vessel may be suitably

emploved for the carbon dioxide compression and delivery,

331 One of the varant in the pressnt invention envisicns the nse of two equal

vessels nperating in parallel in order to susure continuous operation, so that when one i3
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in the loading/corpression phase (hermoelectric dovice eooling the carbon dioxide fow
chanpel walll, the other one s instead delivering carbon dioxide {thermoslectric device

heating the carbon dioxde ow channel).

B00834]  Proferred geomestry for the vessel of the cwrbon dioxide compression and
delivery system according to the prosent invention s ovhindneal, as depicted in Pig L
showing a side view of a single vessel system aceording to the present invention, while its

cross sectional view s shown in Fig. 2

180381 Those figures show a single vessel carbon dioxide compression and delivery
systemn subassembly 10 with 8 vessel body 108, having 2 subassembly inlet 161 and a

subassembly ontlet 102 connected o vessel body 100, an upper venting port 103, and

Py

ower thermocouple 184 {Jower refers to this element proximity to subassembly outlet

102, and consequently vessel outlet), This system subassembly has o flow diverter 105
vunning inside and paraliel 1o the vessel imd}; 100, and defining a gas passage 106 for gas

flow. It is important to underiine that n Ggwe 2 diverter 105 35 an emply cyiindeg and
the color dffevence (darker with respect to lower vessel inper volome is wsed 1o indicate
and show its extent, and {3 not an indication of ap ovcupisd space. Actually essentially the
whotle of the vessel Inper volume I8 apt to be filled with carbon duwonde, either gaseous or
Hguid, with the cxcepi‘im; of solid cloments such as fitting, diverter wall {hot not its bady,
being it a cave slement), and other elerents {vent tube, thermocouples) better deseribad

tater on.

B0638]  Oas pasaage 106 Is in comununication with subassembly jnlet 101 and w the

carbon dioxide flow channel, On the external surface of the vessel body 100 are present a
plurslity of Peltier devices 111, 1, 110 SPETR which will heat and cool vessel
hody HIO. Svstem subassembly 10 farther s;':(:smpri&:xﬁs a plurality of piping fitings, 108,
1087, 1087 10% to allow for a fluid flow 1o Improve heat transfor/dissipation by the

Peliier deviges.

03T Such fuid flow could be fur example water, with a flow rate preferably

comprised between 4.7 Hier/min to 6.6 hiter/nun
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AR Figs | and 2 show g preforred embodiment of the present invention, in which

the earbon dionade compression and delivery systew has  senamyg thermocouaple 184 for
: {

measuring the toroperatwrs of the lower part of the vessel for checking the tewpersture of

the carbon dioxide in the different modes, delivery / comprassion,

{0838 o proforred embodiment, the present invention savistons the presence of 2
Liguid carbon dioxide seusor for detenmining the filling lovel of Hawd carbon dioxide.
Venting port 103, with venting tube 107 asefully placed in the upper part of the vessel
{close 1o the det), may fulfill this purpose m addition o provide some other advantiages.
In particudar, in addition o discarding part of the C0, s0 that by expansion through an
arifice {not shown} it may provide covling 1y case of gas to gay heat exchanging, or morg
i general provide & pre-cooling stage for the incoming carbon dioxide. Also as this
venting 1§ in the portion of the vessel af the highest tomperature I operation {tw be
interpreted i the context of the present invention, and therefore typically comprised
between 3070 and 3U7C), gas discharging will alse romove/decrease comanunants with a

higher hgnefaction temperature, unproving the guality of the (LY veleased by the system
outiet. The venting tube 107 1« designed to shuttie bgud GGy out of the vessel dunng the
Condensing Sequence. The venting tube 18 so8 gt specifie height i relation 0 183, The
fength of the Vent tube 107 and cusures that there i @ headspace {open avea) above the
L0y Bgnsd devel, this headspace prevents over-pressurization of the compressinn vessel
I when the bgud €0y 18 heated and pressurized to #s delivery prossure. Preforred
design allows for a 103096 headspace above the bguid level within the compression
vessel, thus the length of the Vent Tube going inside the vessel s comprised between 13-
306 of the length of the vessel Comng to the portion of the vent tube extiing from the
sysiem, even though not oritical for the purpoeses of the present invenlion, I is nsually
short, typically less than 5 eny i length, in principle also a zero length external portion of

the vent tube s possible, in this case the vent tube ends in correspondence of the system

inlet,

380481 The comprossion vessel i considered to bo full onee hauid COy 13 vented out

of the compression vessel through the vent wibe 1. A& theroweouple above the vessel
wmonitors the temperature of the vented U0 and when the vented €0, goes from gas

phase to hgwd phase there 8 rapid drop i tomperatare (100 0 ~10C)Y, thus the indication
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4

that the vessel is full of Houid €Oy, The distance between the thermocouple sensing dp

>

.

ard the terminal part of the vent tube 107 15 proforably vomprised between § and 10 om. @
em indicated the case in which the thermocouple s shnest in contact with the vent tabe

external extremity,

98411 As shown in Fig. 2 flow diverter 103 may be preseni only for a certatn pat of

carbon dioxide compression and delivery systeom vessel 100,

o

[OE43]  Figs. 1 and 2 are devoted to the core of the carbon diexide compression and
dolivery systern, Lo the vessel strugture with the OO channel How oy s instde and the
reversible thermoelectrio clements placoment, In s embodiments the full systéns way
erviston the presence of automatic valves at the inlet and ondet, the presence of a “twin”

vessel for continueus operation, an wnler heat exchanger to lower the femperature from
ambient fo -153°C 10 ~25°C. Such heat exchanger being pommonty koown in the technical
field, and can be of the type of gas o gas, or gas to Hquid; the iatter being proferred, with

water being the Hauid media.

{80437 The preferred sysiem operating pressure 18 conprised between 20 and 24 bars
during the loading phase, while when the systam is switehed to the delivery phase, current
in the thermoelectric devices 13 reversed to change from cooling mode to heating mode,
consequenmly enporaturs 18 noreased from abowt 23°C o the delivery temperatuse,
asefully comprised between D70 and 3070, with a carbon dioxide  delivery pressure
usefully comprised hebween 30 and 70 bar, prefevably boetwesn 3% and 88 bar, with an

wdeal get-pomt at 38 bar I the ovent the systom is run at nlet pressure less than 20 bars

andfor the flow capacity must be increased i 38 necessary ¢ imorease the cooling
ca;"ib:};fv of the systeny, for example by the addition of extrs covhng, as shown in Figure

The extra cooling capacity can help to decroase the inbt prosswe {67 bar) and

nerease the quantity of lgad €0 throughput.

[O6844] A gas chropd schematic represeniation for o twinevessel carbon divxide
compression and delivery systent made according to a preforred embodiment of the
present mvention ¢ showy in Figure 3. Carbon dioxide conpression and el

3G comprises two vessels 10, 10 connected i paralisd for continuous Opc:‘-mti@z} (00

10
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X

supply), it hag & gas o gas heat oxchanger placed ot the system indet for cavbon dioxide
pro-coohing, and the system comprises the fellowmg elements:

s Antomatic vabves Av] and Av2, for inlst vessed switching,

s Autormatic valves AvY and Avd, for vessel venting, and the release of light
veslatile unpurities,

s Automatic valves AvS and Avs, for cutle! vessel switching,
« Pressure ransducers PXL, PX2 for pressure wondormg,
& Thermoconples TOL TC3, TCOS, TCT, TOS oy vessel 10 temperature
montoring, thermecouples TCY, T4, TCs, TCE, TCIG for vessel WY
temperature mevsirm‘mﬂ more specifically:
o TCE and TCR to moniter the OO temperatre ventsd owt of the
vesseld { used as filling sensor indicator),

PRty

o T3 TOS, TC4, TUS, 1o mondtor the temperature i close proxunity
of the cavbon dioxude fi vw channel,

o T and TCK to menitor the tomperature at the bottom of the vessel,

o TCY and TOH, W normal operstion 0 monitor the howd
temperature on the inside of the vesael,
s Orifice ORY mwters the CO2 release from the vessel duriﬁg the condensing
sequence. fn figuwre 3 schematic only one orifice is used for a twin vessel
system, as the same orifice 13 conngeted to both ve I\ via valves Av3 {for
vessel 103 and Avd (for vesgel 107}

s PRV and PRV prevent over-pressunzation of the systom compression and
delivery system vess aix

{08457 It 15 to be smphasized that all the above cloments are inheorent 1o an exemplary
cmbodiment sccording to the presend invention. Among Hs most common vanants there
could be the remoeval of pseful but not essential Hems, such as the numbe
thermoeouples, as at the very low gnd the system can pperate with just one thermocoupls,
or on the opposite side, the addition of further valves and other SBow control clements, and
even the addition of a third vessel and 18 associated controls. All of those vanants are
within the scope of the present imvention as cassly concetvable by 8 peeson of ordinary

skitl 10 the art.

{60046] A pariicularly velevant variant of the Bgure 3 scheme 1y shown m hgwre 4. In
this case the carbon dioxide compression and delivery system 40, presents an additional
sloment, a refrigeration wilt mounted on the svstem nlet. Usefilly such system has a
refrigoration capacity comprised between (5KW and 3kW. The presence of such system

implios that OR1 i po more convected with the gas to gas heat exchanger that now is

11
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fully dependent from the softigeration unit. As mentioned asbove this waddany s
particularly usefil for systems that needs 1o be operated with a lower inlet pressurs (less

than 20 bars) or that gequirﬁs & mgher throughputs,

{08847} Figwres 3 and 4 show two vessels system, but the presence of the gas to gag
heat exchanger and  optional upstream additional refiigeration system can be used m
single vessel systen ag well as iy carbon dioxide compression snd delivery svstoms using

more than two vessels

{80048] The following Teble | shows the statuses of the svstem and the sssociated
valves configuration #y order to have one vessel i generation mwde and the other wm
preparation or ready for the switeh, to onsure g continnous U0, goneration. This rable, the
following one and any considerstion on stats and thelr seguencing i5 in commeon

between figurs ¥ and figure 4 embodiments,

Table 1. status sequences for a two vessel system

’}J

Swates | Vessel 18 AV A3 AVS Veszel 1Y AY2 AN AYH
stisdus ‘ EBIE

b {lose Clisg Open Vend howerd {ipen Ulose
i Ciose o Open Condensmy Cipsess pen § Cloge
3 3 Close o Cipan Close Conpes

4 Tishvary lows Dpen Egusiization Cose Closs Qpsed
3 Wit Llased HEREY Pelivery Thign lase Cpen
& Condensing Opent Dpen Chose Irelivary Clone (e {pen
¥ Purjpe Close Chage Dpen Delivery Close {hoss Close
8 Froasuebzing Chisg {ipen Claze Palivery Lo Dlose Opess
) ¥ Closs Close £iase Tselivaty Close o Caen

{ipen

12



WO 2017/134570 PCT/IB2017/050532

{48 In Table 1 vessel status coloved mogrey have dw rsitde thermoslectric

m
~%
£

devices set to beating, while the one with the white background indicate vessel statuses

o

with the reversible thermoelentric devices sot to cooling.

{00381 Typical durations are instead indicated v Table 2 for all phases with the
exception of delivery, whose durstion i fimehion of the twin vessel non-delivery phases,

iHois typieally the sum of these phases {venml, condoensing, purge, pressurizin
B h % ¥ g

64

equalization}.

Table 2 tvprcal systerm statuses durations

¥

Wassat

AR fration

H

Yeas o S min

P prd S min

RS GRS

Gt 3 min

{80811 The method illustrated above, i terox of number of vessels involved, number
of phases and their durations, is only exemplary and reflects the best mode © carry owt
the mvention, that m a sccond aspect thereof 1 inherarnt to 3 method for carbon divkide
compression by using 2 carbon doxide compressiony and delivery system according o the
presest dnvention. In case of a single vessel the required phases are condensing,
pressurizing and delivery, and could be achioved m the stmpleat form by controlling the

thermoelectrie supply current in order to switch From heating to cooling the carbon

dioxide fow channel, and inlet and outlet valves

988582 In the most general case of bwo wvessels carbon dioxide compression and

delivery systeny, the vessels are seguenced in such a way that the Srst vessel and the

seeond vessel are alternatively in the delivery phase,

[eRi83]  Althongh vari embadintents bave been deseribed using specific tornm and
devices, such description s for dustrative purposes only, The words used are words of

description rather than of luniation. It is to be understoed that changes gnd varations

13
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may be made by those of erdinary skill in the art without departing from the spirlt or the
scope of various mventions supporied by the written disclosure and the drawings. In
addition, it should be understond that aspeets of various other embodiments may be
interchangad either i whole or i part. It I therefore intended that the claims be

miterproied i accordanee with the true spirit and scope of the nvention without Hnstation

or gstopel.

14
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CLAIMS

1. A carbon dioxide compression and delivery system comprising a vessel having an
inlet, an outlet and a body, wherein the inlet is in contact with a carbon dioxide flow
channel having an external wall and an inner wall, wherein carbon dioxide flows between
said inner and external walls, wherein in contact with and external to said carbon dioxide
flow channel are present a plurality of reversible thermoelectric devices, characterized in
the width of the carbon dioxide flow channel is between 1.0 mm and 10 mm and the
minimum number of reversible thermoelectric devices is three, placed respectively in

correspondence of the lower, middle and upper portion of the vessel.

2. A carbon dioxide compression and delivery system according to claim 1, further

comprising a carbon dioxide liquid sensor level.

3. A carbon dioxide compression and delivery system according to claim 2, wherein
the carbon dioxide liquid sensor level comprises a sensing thermocouple placed at a
distance of less than 10 cm from a vent tube outlet, said vent tube going through the

vessel inlet.

4, A carbon dioxide compression and delivery system according to claim 3, wherein
the length of said vent tube inside the carbon dioxide compression and delivery system
vessel 1s located at the top of the vessel and is comprised between 10% and 30% of the

length of the compression vessel.

5. A carbon dioxide compression and delivery system according to any of the

previous claims, wherein the vessel is cylindrical.

6. A carbon dioxide compression and delivery system according to any of the
previous claims, wherein said carbon dioxide flow channel is formed by a gap between a

flow diverter in fluid communication with the inlet and the vessel body inner surface.

7. A carbon dioxide compression and delivery system according to any of the
previous claims, wherein the length of the carbon dioxide flow channel is comprised

between 20 cm to 120 ¢m.

8. A carbon dioxide compression and delivery system according to claims 1-6,

wherein the length of the carbon dioxide flow channel is comprised between 0,25-0,75

15



WO 2017/134570 PCT/IB2017/050532

the length of the carbon dioxide compression and delivery system vessel.

9. A carbon dioxide compression and delivery system according to claim 8, wherein

the carbon dioxide flow channel begins in correspondence of the vessel inlet.

16. A carbon dioxide compression and delivery system according to claim 6, wherein
the ratio between the diverter radius and the inner radius of the vessel is comprised

between (.80 and 0.98, preferably between 0.9 and 0.97.

I1. A carbon dioxide compression and delivery system according to any of the
previous claims, wherein said plurality of reversible thermoelectric devices are Peltier

thermoelectric devices.

12. A carbon dioxide compression and delivery system according to claim 11, wherein
the Peltier devices are in contact with the external surface of the carbon dioxide
compression and deliver system vessel, and the distance between two adjacent devices is

comprised between 0.25 and 4 cm.

13. A carbon dioxide compression and delivery system according to claim 11, wherein
the heat removal power of the Peltier thermoelectric devices is comprised between 5 to 50

Watts.

14. A carbon dioxide compression and delivery system according to claims 11-13,
wherem said Peltier thermoelectric devices are connected to the carbon dioxide

compression and delivery system vessel by means of a thermally conducting paste.

15. A carbon dioxide compression and delivery system according to any of the
previous claims, wherein between 10% and 100% of the external surface of the carbon
dioxide compression and deliver system vessel is covered by the reversibie thermoelectric

devices.

16. A carbon dioxide compression and delivery system according to any of the
previous claims, wherein a sensing thermocouple is present in the lower portion of the

system.

17. A carbon dioxide compression and delivery system according to any of the

previous claims, wherein the vessel inlet is connected to a gas to gas heat exchanger.

18. A carbon dioxide compression and delivery system according to claim 17, wherein

16
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the gas to gas heat exchanger is downstream of a refrigeration system.

19. A carbon dioxide compression and delivery system according to any of the

previous claims, comprising two vessels connected in parallel and alternatively operating.

20. A method for carbon dioxide supply with a carbon dioxide compression and
delivery system according to claim 1, comprising the following phases each characterized

by the following main features:

- delivery, reversible thermoelectric element heating the carbon dioxide flow channel,

inlet closed, outlet opened;

- condensing, reversible thermoelectric element cooling the carbon dioxide flow

channel, inlet opened, outlet closed,;

- pressurizing, reversible thermoelectric element heating the carbon dioxide flow

channel, inlet closed, outlet closed.
21. A method according to claim 20, comprising a first and a second vessel.
22. A method according to claim 20, wherein the vessels are equal to each other.

23. A method according to claim 22, wherein the first vessel and the second vessel are

alternatively in the delivery phase.
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