1 "CONTROLLI NG ATMOSPHERES | N CONTAI NERS This invention relates to ‘4he=15/. -7
storage and transportation of goods and, nore particularly, to the )
provi sion of atnospheres for the storage and transportation of perishabl-&,,.
produce such as fruit, vegetables and flowers. It is known that such o
petri shabl e produce can be carried in refrigerated containers, sonetines
known as "reefers", and refrigeration urits for these containers have been
devel oped to provide a reliable piece of apparatus which can usually
function for long periods of tine without maintenance. It is also known

that during storage anGONTROBLING ATMOSPHERESSINCONTAINERS perishable
produce can be enhanced by controlling the atnosphere surrounding the
produce. The use in this respect of an atnosphere in which nitrogen (or

ot her i nery.: dom IS i rly useful. Furthermre, in.
addi ti on tthlgmerrﬁﬁﬁl '%gét?%étga u%tg% %‘*@S@HXB‘P%E‘E%‘E' q#:,g?q){és anogpﬁ%r e,
there may geetieulaigitd ehe pravision(SRatnisphaess fisrthiel stoPaddaRalPanddiftagpunt
of ot her substance which may be present, for exanple carbon di oxXide and any
et hyl ene \WHirsishable: produre sush as frulie vpgetablas and Sowersn t he container, In
addition the level of water vapour in, ie. the humdity of, the atnosphere
may be inportant; commonly, a relatively high hunmidity is required.

Al though g psaKricRbi that DI PeRiSRaBIB hrodaéE Biin '&@V@arhgaﬁn%ﬁ@geﬁ%g?& or the
control of such atnospheres, there remains a need for a refiable system
whi ch cancpntdirersbspmsesimaes khowmas Yreefenspaend sefrigeratiohiunitd forithetde
confines Sgnﬁaigér%wae\lfedbeen developed to provide a reliable piece of apparatus which

can usually function fc_:r long periods of time without maintenance.

It is also known that during storage and/or transportation the preservation of
perishable produce can be enhanced by controlling the atmosphere surrounding
the produce. The use in this respect of.an atmosphere in which nitrogen {(or
other inert gas) predominates is particularly useful. Furthermore, in. addition to
controlling the amount of oxygen present in the atmosphere, there may be a
need to control (but not necessarily eliminate) the amount of other substance
which may be present, for example carbon dioxide and any ethylene which
might be formed by the produce In situ in the container, In addition the level of
water vapour in, ie. the humidity of, the atmosphere may be important;
commonly, a relatively high humidity is required.

Although a variety of processes and systems have bee|.1 proposed for the control
of such atmospheres, there remains a need for a reliable system which can -
preferably be suﬁicien;l’{;. compaét so as to fit within the confines of a standard
container or reefer and which can preff!erably be varied to suit the requirements
of the different types of produce being stored and/or transported.

An’,_important parameter in the design of such processes and systems is thair

efficiency. The systems cornmonly employ a series of adsorption beds which



contai ner or reefer and which can preferably be varied to suit the

requi renments of the different types of produce being stored and/or
transported. An inportant paraneter in the design of such processes and
systens is their efficiency. The systens commonly enploy a series of -
adsor pti on beds which- -2- can selectiyely adsorb different conponents of
t he at nosphere which can then be desorbed on, for exanple, a pressure sw ng
or tenperature swing, basis and either the non-adsorbed or the previously
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at nospher e, but .can be regarded as acting on a selective basis. It is
t her ef or eaqs(ﬂggpprarqf g gas ceanprnadof a miXture occurs and high pressure and

desorption at lower pressures (including vacuum when appropriate). In the
second, gases adsorbed at a lower temperature can be desorbed by raising the
temperature, for example gases adsorbed at ambient temperatures can be

desorbed at higher temperatures.

Such adsorption/desorption systems, however, do not generally operate to effect
a complete separation of each component from the atmosphere but can be
regarded as acting on a selective basis. It is therefore important for the number
of adsorption processes to be kept to a minimum to minimise the loss of
atmosphere components present in the system which are needed to be returned

to the container.

In accordance with the invention, there is provided a system for controlling the
atmosphere within a container, comprising a plurality of adsorption beds for the
selective removal on a t_:yclical basis and in a predetermined order of at least part
of any water vapour, ethylene, carbon dioxide and oxygen components present
in the atmosphere in an ads;orption phase of the cycle, means for controlling the
flow of atmosphere within the system and means for desorbing the adsorption
beds in accordance with a desorption phase of the cycle, wheréin the desbrption

phase is set in respect of ethylene in particular on a selective cycle basis,

The word "container™ as used herein inciudes not only individual containers of
"reefers” but also enclosed parts of warehouses, ships' holds and the like.



of adsorption processes to be képt to a mininumto mninise the |oss of

at nosphere conponents present in the system which are needed to be returned
to the container. In accordance with the invention, there is provided a
system for controlling the atnosphere within a container, conprising a
plurality of adsorption beds for the selgctive removal on a cyclical basis
and in a predeterm ned order of at |east¥part of any water vapour,

et hyl ene, carbon di oxi de and oxygen conponents present in the atnosphere in
an adsorption phase of the cycle, neans for controlling the flow of

at mrosphere within the system and neans for desorbing the adsorption beds in

accordanc ] ' the cycle wherein the desorption
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essential, to renove ethylene gas as it is forned. r, e anounts of
et hyl ene pveRfiRie generallyirronidesnaisystem in wdich ethylene and the other -

atmosphere components may be removed and/or adjusted, particularly in use of
the preferred features and embodiments of the invention.

In a simple form, a system of the invention comprises a number of adsorption
beds, preferably arranged in series for the selective removal of any water
vapour, ethylene, carbon dioxide and oxygen, probably for effecting removal in
the sequential order recited above and preferably with all the beds operating on a
pressure swing basis. Following "removal" from the atmosphere, a component
may be returned to the container wholly or in part on desorption or otherwise.

One bed may be used for the adsorption of more than one atmosphere
component, In addition, a component to be returned, wholly or in part, to the

container may be an adsorbed gas or a non-adsorbed gas,

Generally, however, the container atmosphere is urged in to the system, for

_ example by means of a compressor associated with the system, and the flow is
controlled therein by, for example, a series of valves which determines the
manner in which the atmosphere passes to and through the different adsorption
beds,

As stated above, the beds are preferably arranged in series and the atmosphere
is urged through each bed in turn in a predetermined order during the adsorption
phase of the cycle, In the desorption phase of the cycle, however, ethylene



i nvent'i on generally provides a systemin which ethylene and the other

at nosphere conponents may be renoved and/or adjusted, particularly in use
of "the preferred features -and enbodi nents of the invention. In a sinple
form a systemof the invention conprises a nunber of adsorption beds,
preferably arranged in series for the selective renoval of any water
vapour, ethylene, carbon di oxi de and oxygén, probably for effecting renoval
in the sequential order recited above and preferably with all the beds

operating on a pressure swng basis. Follow ng "renoval" fromthe
at nospher BesrptigRTHHEN be wilected selegtively, 1o th¥lensresarptiontnat gcasrring par t
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whol |y or ahd nperet prefsrablieatiaktBner 10Ry be an adsorbed gas or a
non- adsor bed gas. Cenerally, however, the container atnosphere is urged in

to the system for.exanpl e by neans. of a conpressor associated with the
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preferabl% arranged in series and the atnosphere 1s urged through each bed
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which ethylene is being desorbed.

The invention is particularly useful in systems in which one or more of the beds
is operating as a two-part unit in which, in general, one-part is being used for
adsorption whilst the other is being desorbed and vice-versa,

Preferably, the beds for the removal of.water vapour, carbon dioxide and oxygen
operate on a two-part basis and the bed fof the removal of ethylene operates on
a one-part basis. In such cases and generally, it is advantageous for the single-
part ethylene removal bed to be positioned intermediate between the water

vapour removal bed and the carbon dioxide removal bed.

In preferred embodiments of the invention, therefore, there is provided a system

operating on a two part basis and comprising in sequential order:

- a two part water vapour removal bed,

._ aone part ethyléne removal bed,

a two part carbon dioxide removal bed,

a two part oxygen removal bed



-4 - 'desorption must be effected sel'ectively, ie. ethylene desorption not
occurring during every cycle but only every 'n'th cycle, where n is
preferably at l'east 3 and nore preferably at least 5 or 10. -In cases in

whi ch desorbed gas from another bed is being used to desorb the ethyl ene
bed, a series of valves can readily be pggvided operating to ensure that

t he desorbed gas by-passes the ethylene™btd in those cycles when ethyl ene

i s not being desorbed and passes through the ethylene bed in those cycles
in which ethylene is being desorbed. The invention is particularly useful
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In such cases and generally, it is advantageous for the single- part
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part basis and conprising in sequential order: a two part water vapour
renoval bed, a one part ethyl ene renoval bed.

Preferably in such embodiments, the flow of atmosphere by-passes the ethylene
removal bed whilst the ethylene bed is being desorbed.

It is possible, and in many cases it is preferably, for the oxygen removal bed of
the invention to comprise an adsorbent for the selective adsorption of nitrogen
such that the oxygen selectively passes through the bed and removed from the

system, in whole or in part, by, for example, venting to atmosphere.

It is also possible, and again may be preferably; for carbon dioxide and nitrogen
to be adsorbed in a continuous bed of adsorbent material. Certain zeolite
materials, for example those known as Type 13X, can adsorb both carbon
dioxide and nitrogen whilst leaving an oxygen residue un-adsorbed. Generally,
the carbon dioxide has a greater affinity for such zeclites and is therefore
adsorbed much more preferentially than the nitrogen such that, in a typical
system, the carbon dioxide will be adsorbed relatively close to the bed inlet with
the nitrogen being adsorbed in the remainder of the bed. On desorption of such
a bed, for example when the pressure is reducéd, it is the nitrogen that is
desorbed preferentially in comparison with the carbon dioxide, thereby allowing
a possibility of using the desorbed gas stream selectively to adjust the

composition of the container atmosphere.

Adsorbent beds of the type which comprise substantially the same

composition/structure and which exhibit varying affinities for different



a’'two ‘part carbon di oxi de renoval bed, a two part oxygen renoval bed - 5-
wherein the output fromboth parts of the water vapour renoval bed is
directed in to the ethyl ene renoval bed and the output fromthe ethylene
removal bed is directed to the relevant part of the carbon di oxi de renoval
bed. Alternatively, the system may be opgrat ed on a three (or nore) part
basis wth each two-part renoval bed beiRg replaced wth a three (or
nore) - part bed. Preferably i n such enbodi nents, the flow of atnosphere

by- passes the et &ene renoval bed whilst the ethylene bed is being
desor bed. c9mppyeptasaf Bnatmasphene ﬁadwvhl&betbemfomsatﬂﬁwbeambdysoﬂbothet he
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preferabl@erti)(ﬁrt Ge&mtﬂmdlm}‘@en&adﬂmuogen to be adsorb_ed in a conti nuous
bed of adsorbent material. Certain zeolite materials, for exanple those
known as Type 1 3X, can adsorb both carbon di oxide and nitrogen whil st
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greater affinity for such zeolites and 1s therefor
a first, preferably two-part, bed, ethylene is adsorbed in a second, preferably
one-part, bed and carbon dioxide and nitrogen are both adsorbed in a third,
preferably two-part bed, it is advantageous to allow the oxygen, wholly or in

part, to vent to atmosphere.

In such systems, it is preferred that desorbed nitrogen, followed by any carbon
dioxide, from the third bed can by-pass the second (ethylene) bed but pass
through the first (water vapour) bed to desorb the water vapour and allow the

" nitrogen/water vapour/carbon dioxide selectively to be returned either to the
container or vented to atmospﬁere depending on the predetermined requirements
for maintaining the produce in the container in good condition.

Every five or ten {(or whatever} normal cycles, it will be necessary to desorb the
ethylene from its adsorption bed, This is preferably effected by diverting some
of the vented oxygen from the oXygen removal bed through the ethylene bed
and venting to the external air whilst preferably causing {by valve means) the
adsorption stream to by-pass the ethylene bed. In view of the relatively small
volumes of ethylene associated with most types of produce, this desor;-ation stép

will usually be very quickly effected.

For a better understanding of the invention, reference will now be made, by way
of exemplification only, to the accompanying drawing which shows in

diagrammatic form a system of the invention.



adsorbed nmuch nore preferentially than the nitrogen such that, in a typica
system the carbon dioxide will be adsorbed relatively close to the bed
infet with the nitrogen being adsorbed in the renai nder of .the bed. On
desorption of such a bed, for exanple when the pressure is reduced, it is
the nitrogen that is desorbed preferentially in conparison with the carbon
di oxi de, thereby allowi ng a possibility -of -using the desorbed gas stream
selectively to adjust the conposition of the container atnosphere.

Adsor bent beds of the type which conprise substantially the sane

conposi t i diithtnefierence tanthenwdhiawingx théretis showmg sgbtdrmi 6 thee fnventiohfer asd
-6 - conpqgnents of .an atnDsEBere and, whi ch therefaore adsorb and desorb the
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desor bed W%q_al so formpart of this invention in their own right and
as part of the systens of the invention. In preferred enbodi nents of the

I nvention in which water vapour is adsorbed in a first, preferably
d in a second, preferably one-part, bed
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a mechanical drier 6,

For the first five minutes from initial turn-on of the system, a valve 7 is open to
allow air to enter an air buffer 8 to supply air for the operation of the valves and
instruments of the system; thereafter dry air is supplied to the air buffer via the

line O via a non-retukn valve 10.

The valve 3 is open for an initial period of one hour, then closed.

The atmosphere flows from the drier 6 through a valve 11 and in to a first part
12 of a water vapour adsorption bed generally denoted at 13 operating on a
pressure swing basis and comprising alumina where water vapour is extracted.
The dry atmosphere proceads via a line 14 and valves 15/16 in to a one part
ethylene adsorption bed 17 comprising silver substituted-Y Type zeolite where
ethylene is removed, Dry atmosphere also flows to the air buffer 8 via the non-

return valve 10 and the_ line 8 as described above.

Water vapour- and ethylene-depleted atmosphere then flows via a valve 18 and
a valve 18 in to the first parr'20 of a carbon dioxide and oxygen removal bed
generally denoted at 21 and comprising Type 13X zeolite which adsorbs carbon
dioxide (preferentially) and nitrogen (less preferentially) on a pressure swing
basis. The predominantly oxygen rich gas leaves the part bed 20 and flows via
a valve 22 and line 23 In to an oxygen buffer 24. Rejected axygen then flows
out of the buffer 24 via a valve 25 and is vented to the external air,



In such systens, it is preferred that desorbed nitrogen, followed by any
carbon dioxide, fromthe third bed can by-pass the second (ethyl ene) bed
but pass through the first (water vapour) bed to desorb the water vapour
and allow the nitrogen/water vapour/carbon di oxi de selectively to be
returned either to the container or vented to atnosphere depending on the
predeterm ned requirenents for maintaini¥g the produce in the container in
good condition. Every five or ten (or whatever) normal cycles, it will be
necessary to desorb the ethylene fromits adsorption bed, This is
preferably effected by diverting sone of the vented oxygen fromthe oxygen
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I nventi on. -7 Wth reference to the drawing, there is shown a system of

the invention for use in, or in conjunction with, a container, the outline
of whi ch The $usged gpsesdlow via a valve 28 and a line 29 in to the second part 30 of

the water vapour bed 13 whers it purges the part bed 30 of moisture. The
gases then flow via a valve 31 and a valve 32 which can be operated to cause
the gases to be selectively returned to the container via a line 33 and/or to the

external air via a line 34.

Because of the differential affinity for carbon dioxide and nitrogen exhibited by
the 13X zeolite, the nitragen is desorbed earlier than the carbon dioxide; as a
resuft, a timely switch of the valve 32 between the line 33 and the line 34 can
cause & selective routing of these two gases between these two lines, thereby
providing a means to deplete or increase the container atmosphere with one or
both of these gases.

The above simultaneous adsorption/desorption phases which can be regardéd as
a half cycle of this double bed system, the cycle is completed as follows.
Atmosphere leaves the compressor 4 and flows via the air cooler 5 and the drier
6 to the valve 381 and thence in to the bed part 30 where moisture is extracted.
The dry air then flows via valves 35 and 36 {with a continuing flow to the air
buffer 8) in to the ethylene adsorption bed 17 where ethylene is removed.

- The water vapour- and ethylene-depleted atmosphere then flows via the valve
18 and the valve 28 in to the bed part 26 of the oxygen removal bed 21 where
carbon dioxide and nitrogen are adsorbed. The predominantly oxygen rich



dotted line 1. Wth valves 2 and 3 open, fresh external air and atnosphere
fromthe container 1 is drawn respectively in to the conpressor 4 and
thence via dn air cooler 5 to a nechanical drier 6, For the first five

m nutes frominitial turn-on of the system a valve 7 is open to allow air
to enter an air buffer 8 to supply air for the operation of the valves and
I nstrunents of the system thereafter dr@'air is supplied to the air buffer
via the line 9 via a non-return valve 10. The valve 3 is open for an
initial period of gne hour, then closed,. The at nosp her a%/snafromthe
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proceeds via a line 14 and val ves 15/16 in to a one part ethyl ene
adsorption bed 17 conprising silver substituted-Y Type zeolite where
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The gases flow via the valve 11 and the valve 32_and are selectively injected

back in to the container or to the external air via the lines 33 and 34 respectively

in the manner described above.

In the cycle described above, the ethylene adsorption bed 17 has been
substantially continuously been receiving atmosphere either from part bed 12 or
part bed 30 of the water vapour bed 13. No desorption of the ethylene bed 17
generally occurs as the purged gases from the oxygen removal bed 21 do not
pass through the ethylene bed 17. |

However, in a predetermined manner and on a selective cycle basis, for example
after ten or twenty such cycles, the valve 25 is closed and a valve 38 is opened
and the waste oxygen from the oxygen removal bed 21 is used to purge the
ethylene bed 17_ and vent the ethylene to external air via a line 39. During the
purging, which typically need only take twenty or thirty seconds, the adsorption
atmosphere feed between the valves 16 and 18 bypasses the ethylene bed 17,

A moisture injection device generally indicated at 40 and comprising a water
source 41, a pump 42 and an atomiser 43 can be provided.



out of the buffer 24 via a valve 25 and is vented to the external air.

Si nul t aneously with the above described adsorption phase of the cycle, the
ot'her parts of the double beds 13 and 21 are bei ng desorbed as foll ows.

At nosphere is bled frompart bed 20 to part bed 26 via an orifice plate 27
to purge the part bed 26 of nitrogen (firstly) and carbon di oxi de
(secondly). The purged gases flow via a™aive 28 and a line 29 in to the
second part 30 of the water vapour bed 13 where it purges the part bed 30
of noisture. The gases then flow via a valve 31 and a val ve 32 which can be
oper at ed Aocarbosdivkidegapesionoddwices gémarally indicatedainéd and comprisinganer vi a

aline 33 and/or, to, the external, air via a |jne 34. Becausg, of the
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zeolite, the nitrogen is desorbed earlier than the carbon dioxide; as a
result, a tinely swtch of the valve 32 between the line 83 and the |line 34
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suit the type of produce being stored or transported.

In the system described with reference to the drawing, the beds 13 and 21 are
both operated on a pressure swing basis with the bed parts being a higher
pressure during adsorption and at a lower pressure, for example ambient or even

vacuum, during desorption.

During the whole of each cycle, the pressure in the ethylene bed 17 can be
maintained at the high pressure associated with the adsorption phase of the
beds 13 and 21 and reduced only during the selective cycle desorption of the

ethylene bed. This leads to greater efficiencies of operation of the system.
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6 'to the valve 31 and thence in to the bed part 30 where noisture is
extracted. The dry air then flows via valves 35 and 36 (wWith a coentinuing

flowto the air buffer 8) in to the ethylene adsorptlon” ere
ethylene is renoved. The water vapour- and et hyl ene-dep 'M M %Mllﬂ
then flows via the valve 18 and the valvg 28 in to the béd paly ’I
oxygen renoval bed 21 where carbon dioxi & -and nitrogen are adsor bed. The
predoni nantly oxygen rich at nosphere then | eaves the bed part 26 and
flows via a valve 37 in to the oxygen buffer 24 and thence to the external
air via the valve 25. Sinmultaneously viEkAIM8e above described adsorption
phase of the cycle, air is bled frombed part 26 to bed part 20 of the bed
21 through the orifice plate 27 to purge the bed part 20 of nitrogen and
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are sel ectivel é@l n'rheCt ed egack in t ﬁ nt ai ner 1pr to the external air
via the lines o Bipdete E‘(eidv%f at SFrEﬁFFe? AR WAL VaROYe, In the
cycle describegrapians, céﬂb%n%ﬁ%fu%nﬁmag i ofhp Qn@JgF@% % e

rom part bed

substantially conti nuousl been recei vi atnD ere
12 or part bed awcéthMImm adsoa;murpﬁm dJ'Sthel\t)/aile,smqanlscﬁor aontiodingg thd ene
bed 17 flow of atmosphere within the system and means for desorbing the

adsofption beds In accordance with a desorption phase of the cycle,
wherein the desorption phase Is set in respect of ethylene in particular on

a selective cycle basis.

2. A system according to Claim 1 in which one or more of the beds is
operating as a two-part unit in which one-part is being used for adsorption
whilst the other is being desorbed and vice versa.

3. A system according to Claim 2 in which the beds for the removal of water
vapour, carbon dioxide and oxygen operate on a two-part basis and the

bed for the removal of ethYlene operates on a one-part basis.

4, A system according to Claim 3 in which the single-part ethylene removal
bed to be positioned intermediate between the water vapour removal bed

and the carbon dioxide removal bed.

5. A system according to any preceding claim in which the flow of
atmosphere by-passes the ethylene removal bed whilst the ethylene bed is

being desorbed.

6. A system according to any preceding claim in which the oxygen removal
bed comprises an adsorbent for the selective adsorption of nitrogen such



glaner'él | y occurs as the purged gases fromthe oxygen re o not
pass through the ethyl éne bed 17. However, in a predeter mﬁﬂnéon
a ‘sel ective cycle basis, for exanple after ten or twenty Such .

C

valve 25 is closed and a valve 38 is opened and the waste oxygen frosm the
oxygen renoval bed 21 is used to purge the ethylene bed 17 and vent the
ethylene to external air-via a |line 397 18 ng the purging, which typically
need only take twenty or thirty seconds, the adsorption atnosphere feed
between the valves 1 6 and 18 bypasses the ethylene bed 17. A noisture

i nj ection devi thatgbecraiden saleciivaly paasesithrangh dbenbedsand isiremored famce
41, a punp 42 gnd _an atam ser, 43 can be ,provided - 10- A carbon dioxide
i njection devi @ée ﬁ\éﬁgﬁllT‘QNﬁﬂ‘& LIRS &Vﬁrﬁﬁn%gﬁﬁFmsﬁge?'car bon di oxi de
source 46 and val ve nmeans 47 can al so be provided. Hum dity, carbon dioxide
and relative hum dity sensors are generally enployed to detect the various
| evel s of 7t hesA syshetaammesding tchElairar in méhich Tacbasy dioxidasnd nitrolgeniase

t herefore well uj pped by virtue of,its,own flexibiljty and the
possibility ofa‘fﬁ%rhggi’%@ HLpys %p%g@sqr@e%mq@np‘,e cont ai ner
at nosphere to suit the type of produce being stored or transported. In the

system described with reference to the drawi ng, the beds 13 and 21 are
8. A system according to Claim 6 or Claim 7 in which desorbed nitrogen,

followed by any carbon dioxide, from the third bed can by-pass the
second (ethylene) bed but pass through th.e first {(water vapour) bed to
desorb the water vapour and allow the nitrogen/water vapour/carbon
dioxide selectively to be returned either to the container or vented to
atmosphere depending on the predetermined requirements for maintaining
the produce in the container in good condition.

9. A system according to any preceding claim in which ethylene bed
desorption is effected selectively no less than every third cycle.

10. A system according to Claim @ in which ethylene bed desorption is
effected selectively no l&ss than every tenth cycle.



bot h dperated on a pressure swng basis-with the bed parts being a higher
pressure during adsorption and at a | ower pressure, for exanple anbient or
even vacuum during desorption. During the whole of "each cycle, the
pressure in the ethylene bed 17 can be maintained at the high pressure
associated wth the adsorption phase oﬂ'{$q beds 13 and 21 and reduced only
during the selective cycle desorption of 'The ethylene bed. This leads to
greater efficiencies of CORERQLLENGOATMOSPERRES 1IN CONTAINBRS. A system
for controlling the atnosphere within a container, conprising a plurality
of adsorption beds for the sel ecti ve ABRRAETon a cyclical basis and in a
predeterm ned order of at |east part of any water vapour, ethylene, carbon
di oxi de and oxygen conponents present in the atnosphere in an adsorption
phase of pheystes for cararsllihgrithecatiricphiergwithin &l comtaing) eoaprdimg wi thin the
system and neans for desorbing the adsorption beds in accordance with a
desor pti onIUpaistyeofoadsqmtr@ycb@,gs forcthei selactivegesmval iosha styslieal kasisengiin a

nccor di ngPESey e Bt o tofts Bt RE ABVERHISt YR sl R 2
two-part giakidd andaixggeforipbhehs frebart st dtbiospiarethisPadsorption
phase of the cycle, means for controlling the flow of atmdsphere within the
system and means for desorbing the adsorption beds in accordance with a
desorption phase of the cycle, wherein the desorption phase is set in respect of
ethylene in particu!ar on a selective cycle basis.

Fig. 1



whi | st the other |s being desofbed and vice versa. 3. A system accordi ng
to daim2 in which the beds for the renpval of water vapour, carbon
diroxi de and oxygen operate on a two-part basis and the bed for the renoval
of ethyl ene operates on a one-part basis. 4. A system according to Caim
3 in which the single-part ethylene renoval bed to be positioned

I nt ermedi ate between the water vapour renoval bed and the carbon di oxi de
renoval bed. 5. A system according to any preceding claimin which the
flow of atnosphere by-passes the et hyl ené’r enoval bed whilst the ethyl ene
bed i s being desorbed. '6. A systen1accorq|ngibgnany preceding claimin
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second (ethyl ene) bed but pass through the first

desorb the water vapour and allow the nitrogenIME
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