_1_

QF*THE | NVENTI ON 1. Field of the Invention The present jnvention rel ates
zess for producing an oxygen-rich gas. Mre specifically, the 5
imvention relates to a process-far -produci ng an oxyq%lsréc@%s

to a pr
presen

nitrog
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of the Related Art It is knomn to produce an/oxygen rich gas from an
oxygen-nitrogen gas mixture such as alr separatlng ni trogen therefg.

t hrough pressure smrﬁ@C§E§8PHH
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by pressure swing adsorption using an adsorbent capable
of the selective adsorption of nitrogen.

2. Description of the Related Art

It is known to produce an oxygen-rich gas

from an oxygen-nitrogen gas mixture, such as air, by
separating nitrogen therefrom through pressure swing
adsorption utilizing the selective adsorptivity to
nitrogen of an adsorbent such as synthetic or natural
zeolites (for example, Japanese Examined Patent Publi-
cation (Kokoku) Nos. 51~40549 and 51-40550, and Japanese
Unexamined Patent Publication (Kokai) Nos. 56-63804 and
58-84020). 1In accordance with this method, the cxygen-

.rich gas is produced by introducing an oxygen-nitrogen

gas mixture into a plurality of adsorption columns

each containing a bed of adsorbent, thus causing the
nitrogen to be adsorbed on each adsorbent bed and
thereby removing it from the gas mixture, and providing
the product gas by discharging a gas enriched in the
slightly adsorbable oxygen from the adsorption columns.
In each adsorption column, the depressurizing, purging,
and evacuating steps for regenerating the adsorbent in.

the adsorption column and the above-mentioned adsorption

and separation step are successively alternated.

The conventional.method for producing the
oxygen-rich gas by pressure swing adsorption, however,
involves disadvarnitages in that the efficiency of sepa-
ration and reccvery of oxygen is unsatisfactory and the
energy consumption per-éolume of the product gas focrmed
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25 the product gas by discharging a gas enriched in the slightly
_adsorbable oxygen from the adsorption colums. |n each adsorption colunn
tehe. depressur|2|ngL purgi ng, and evacuati ng steps for. regenerating j41
adsorbent in the adsorption colum and th above- nent i oned adsor pt ifon.
‘and separation step are successively al ternated. The conventi onal ‘od
. for .produci ng the oxygen-rich gas by pressure sw ng adsorption, however,

invol ves di sadvaniggesgh thadrdtersf finanas %ftliqp&oo&xafbenlﬁﬁQo{réﬁéﬁﬁry -
of .oxygen is unsatlsfactor aq% th%_35 & E{gy consunption per volunme of the
product. gas formetf * there is still roomfor

I mproviepent in the corMMAma‘.)F rmmcmvmmv OF THE IN\/EI\FI'I ON A pri nafy :
‘obj ect -of - t he present 4 Vi r o] C|ng an
A BENAAD « é,aéd&m £ Ui R G6533+180 REOGYC] NG

- oxygen-rich gas by pres ion wherel h t I'Ci ency o
separation and r eREveide A Eﬁ@@ﬁﬁﬁl RﬂﬂéquWQhathﬁYSFnrﬁécboﬁaénbYonaI

met hod and the enﬁfgys@fwssmcj caagzﬁrpa/i@wmefﬁelhheh@e@fswq&yf gened is
~Iow 10 - In accord nee WI‘% thev egloxl nve%ntllso?u Exe erepbs PLO 1\_{l ded a
process for produﬁ?ﬁﬁrﬂ 7990 Y9 g
-of the convent;onal method and the energy consumptlon
per volume of the product gas formed is low.
10 - In accordance with the present 1nventlon, there
o is. prov1ded a process for producing an oxygen-rlch gas
. “wherein three adsorptlon columns each filled with a bed
- of adsorbent capable of selectlve adsorption’ of nitrogen
. are used, and a gas mzxture_containing oxygen and
15 = nitrogen is'nade to flow through the adsorption columns
to cause the nitrogen contalned in the gas mlxture to be
adsorbed on the adsorbent. '

The process accordlng to the present 1nventlon
'comprises carry1ng out successively the follow1ng steps,
20 in a first adsorptlon column:
_ (1) 1ntroducing a pressurized gas mixture to
~the first adsorptlon.column at its feed end and simul-
B | 'taneously introducing an oxygen-rich gas derived from
— _ - . a second adsorption column to the first coiumn'at its
- . 25 product end, so as to eqﬁalize.the pressures between the
"first and second columns;- o .'-' o
_ (2) introducing the pressurized gas mixture
to the first column at its feed end so as to cause the
- nitrogen contained in the gas nixture'to be selectively
30 adsorbed on the adsorbent contained therein and simul-.
- taneously discharging an oxygen—rlch gas from the product
'end thereof, so as to 1ncrease ‘the pressure in the first
'column, : :
- {(3) stopplng the 1ntroductlon of the
35 pressurlzed gas mlrture and 1ntroduc1ng a part of the
-'=oxygen-r1ch gas dlscharged from the product end of the
first column to a third adsorption column at its product



wherein three adsorption colums each filled with a bed of adsorbent .
capabfe‘n{ sel ective adsorption of nitrogen are used,
' oxygen and 15 nitrogen is nmade to fIOM/through t he adsorptlon
cause the nitrogen coat3ifaed in the gas mixtureto he adsorbed
_adsorbent. The process according to the present invention conprises

and a gas m xture

.~ carrying out successively the following steps, 20 .in a first-adsorption

col um:

(EPd:|ﬁPrééu@PngqaaéiégsﬁhFzﬁﬁegéBrﬁ$XQ%NEEQm thee fizst adsorption

colum at zinlgs +theed eaquﬁﬁg.3|nul- ‘taneously'introduci ng an oxygen-rich gas

derived froma seco adsorpiion.colum-to the fiyst colum its 25.
product end, so as Rg) E% téf?@réh

col ums;

taneous| y thiesdn&eging af 6%9g§ﬁCPF€hC@h5n$ron1the product end theréof ,
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and sé&gnd

pzpducmtenduofnghehélpstssclumndtgasntrodumeethet¢asftost col um
- at itsg fe e a ayse; e ong Rk QQ%E as mxture to
 be select?@gleggggd goﬁﬁgﬁ 4% lkﬁe g%é%?%e%?&cont éh##%h and si nmul -

as to increase the n5¢ssaﬁacuat&hg thesSEigot UBBLluhis) a&t DEPI Fued he -
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from the th1rd column to the first column at its product
end whlle the first column is evacuated at 1ts feed end,

" so as to purge the lnterlor of the first column,

whereln, durlng the operatlon of the. first column, the

above-mentloned process cycle is carrled out in each of
the second and third adsorptlon ‘columns whlle the phase
is bezng changed. ' . g

_ In accordance with another feature of the present

anentlon, there is provided a variation of the above-

mentloned process. This process comprlses successively
carrying out the follow1ng steps, in a flrst adsorption

.column

(l), lntroduclng a pressurlzed gas mlxture

-to the flrst column at. its feed end and s1mu1taneously

1ntroduc1ng an oxygen-rich gas derived from a. second

-adsorptlon column to the flrst column at it product end

sO as to equalize the pressures between the first and

‘second columns;

(2) Lntroduclng the pressurlzed gas mixture
to the first column at ‘its feed end to cause the nitrogen

contained in the gas_mlxture_to ‘be selectively adsorbed

on the adsorbent‘contained in the first column, and
'31multaneously dzscharglng an oxygen-rich gas from the
product end of the flrst column, so as to increase the
pressure 1n the flrst column; - '

(3) stopplng the 1ntroductlon of the _
pressurzzed gas mixture ‘and 1ntroduc1ng a part of the
oxygen-rich gas belng drscharged_from the product end
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3 . .
end, so as to. equalize the pressures between the first - and third. “~«
colunns (4) di schargi ng an oxygen-rich gas from the product end of
fsi r st colum to introduce the gas to 5 the second colum at its pro
end, thereby purging the interior of the geeond col um; (5) evacuati
-flrst colum at its feed end to depressurize it; and (6) i nt roduci ng an-
oxygen-rich gas derived 10 fromthe third colunn to the first colum at
i ts.product end wif |the HE fstr o loginu e as thiaxduatedrptiohscobtemneat, is® as

to purge the '”teﬁtcﬁie cg{)etdae fdd Ss 30 Wila14he" eha. pgﬂébﬂgeéhg ?éfi‘ttl?é‘ of

the firsst colum ove-ment i oned process cycle is carfi n each
of 15 {the secondﬁ%ﬁﬁﬁt%ﬂ4($@i£ﬁnﬁ9ﬁwm45§olunns whil e the phase is being

'changed | n accordance WI t Nqanotdi@rchheqtlugetab bhygahesgah aneﬂfm@nthé here -
is provided a.variatio %fﬁ Q\ﬁv% m;:{l ned oce |]§' groces€
‘Conpri ses sucCesHIVENF 3:1 i §?8B§e RS 935 &2
adsor ption coIunﬂthQJgeconﬁrﬂmimmnngtalﬁﬁessaduzsdegds #hgrabg purghagflrst
colum at its fe%@%‘@éﬁoﬁz‘ r: Tt%@%‘é%‘ol‘td column; _
' (5) further dlscharglng the oxygen-rlch gas
from the product end of the flrst column to introduce
10 the gas to the second column at its feed or product end, .
. . .  thereby equallzlng the pressures between the flrst and
' -second columns; ' '

_ : (6) evacuatlng the first column at 1ts feed :
' end to depressurize it;
15 - (7) introducing an oxygen—rlch gas derlved
from the third column to the first column at its product
-~ 'end while the first column is evacuated at 1ts feed end,
eso as to purge the interior of the first column, and
(8) 1ntroduc1ng the oxygen-rich gas from the
20 * third column to the first column at its feed or product
| end, so as to equallze the pressures between the first
.and third columns, ' ' '
_ wherexn, during the operatxon of ‘the flrst column, the
NS ' _ above-mentioned process cycle is carried out in each of
25 the second and third adsorption columns while the phase
. is being changed. ' -
: BRIEF DESCRIPTION OF TI-IE DRAWINGS '
' Flgure 1 is a system dlagram lllustratlng the.
process of the present invention; Figs. 2 and 3 are
30 diagramatic views'illustrating the sequence of operation
of the steps accordxng to the process of the present
'inventlon- Fig. 4 is a system diagram illustratlng a
var;ation of the process of the present invention; and
Figs. 5 and 6 are diagramatic”Views illustrating the
35-_sequence of operation of the steps according to the
'~ variation 6f the procesS'of_the present invention of
"Fig. 4. ' -



|ntrodycjng an oxygen-rich gas derived froma second 25 adsorption colunn

to the/{ixst colum at it product end so as to equalize the pressures - :
bet w e first and second colu . (2)  introducing the pressurized *
gas te to the first columm &t* |Fs~feed end to cause the nitrogen 30

_conta"'d in the gas m xture to be selectivéfy.adsorbed on t he adsor bent

contained int "EHbF.n-” harglng an - o
oxygen-rich gaEﬁF%%ﬁﬁﬁﬁgﬁéggﬂggﬁn R%b QH # ?g so as to increase
the pressure i Fhen@resent G@W@mm%contemplateS(B;rodgcupoung the .

i ntroducti Jﬁ%rprg%%s a¥atifgX hiteosss EBB&OQU aagmﬁxeafé of the
oxygen- rltﬁ¥yd€?'heln c a?ggd fréﬁbihe ?gduct end § -4- of the fist

“col umm t o PRYRIERY Yo RXYGEtR nFF§°§PBduEP°EnE5 3bras to equalize
t he prQSSLEHrbdyH\MhE1d§hEOE psbs&n&etbwﬁdgcaauorptléﬂ) Thachisgi ng the

oxygen- i Ci‘t;ﬁ?esss Jﬁ@gé‘gaé m%&%‘ét %”98 his Bhr &s&gé%:‘fgnto | ntroduce

“the gas to econ end ere pur gi ng the :
interior cﬂolqﬂ?sﬁ&%%ﬁ§<ﬂﬁﬁhﬂ¢n eéﬁor GPFhéFCB|§§h§Ythgt%ﬂe°§xygen rich gas

natural zeolltes, where the nltrogen is allowed to be

adscrbed on the adsorbent, and a gas enrlched in oxygen
ld is dlscharged as the product gas from the adsorptlon
~ column. . Then, suction is applied at the feed end of
the adsorption column fllled with the nltrogen-adsorbed
-adsorbent to brlng the pressure. in the column to a -
vacuum pressure, thereby desorblng the nitrogen. adsorbed
15 on the adsorbent. _ _ '
Accordlng to the present 1nventlon, three adsorption
 columns filled wrth an adsorbent are used, and a pressure
equallzatlon step is carried out between any two of"
the three columns.d That is, one column which is being
20 supplied with-a'pressurized,gas mixture-at_its feed end
is communicated'with tle other column which has been .
.already pressurlzed to the predeterm;ned pressure by the _
gas mixture and is delivering the product gas, i.e., an -
oxygen-rich gas, at the product ends of these columns,' g;,
25. SO as to equallze the pressures between these two
columns. Furthermore, while one adsorption column 1s
being evacuated to a vacuum pressure at the feed end -
thereof to desorb the nltrogen adsorbed on the adsorbent,
an oxygen-rlch gas is introduced at the product end '
- 30 thereof from the other adsorptlon column to purge the
' interior of the_former column. - This operation is
referred to as'a purging step. Thus the product oXygen-
rich gas is contlnuously discharged without lnterruptlon
durlng the process cycle. : ' _
35 - The pressure equalization is effective for keeplng
the_adsorpt;on front of nitrogen in one column short
“through the suppiy of an oxygen-rich gas from the



£
_fron1the product end of the first colum to introduce 10 the gas to thex
second ‘colum at its feed or product end, thereby equalizing the prenggg§§
et ween .the first -and second col ums; (6) evacuating the first col .
its feed end to depressurize it; 15 o . (7). introducing an :
oxygen-rich gas derived fromthe third coburm to the first colum at its
product end while the first colum is evacuated at its feed end, so as to
purge the |nter|or f the fjr qu ‘and t r oducj n

d{‘{"he fl;ﬁ

the,' U
oxygen-rich gas &G e8¢ A ﬁncf’ ?E?b%o}ﬁ%’ﬁe%?lrWSt‘feeed _
or product end, sxyaent acoenp.ealtmmheo;fr ¢heuresubtantegashe The spumpichg hird

colunnﬁﬂ,mhereln 9&@@ 0 h r C t

above- nent i oned pgggégggg%% S ca???gdgghtgréhegﬁﬁ g#HQQCt %ﬁdsecondeand
third adsorption Qﬂa;mm dst pasgedsthroughi agecrahyen. dpring the

DESCRI PTI ]9\1 EE TH&MN&&@%:B@.%%I nd teoguat €M dhagéalumh! s6tagattag the.
process of the present inyention tigc views
illustrating the *Shr&ice ﬁﬁe 565P§P‘gﬁn Fffﬁgtsﬁﬁﬁssaﬁgogﬁ?%ﬁuggy %
process of the pwshnnﬁenmmmemmeomamélgor4vasuams§esenpﬂmegran1a$|ﬂstrat|ng a

vari ation of the qqgg; rp@%§@nt |nvent|on and Flgs 5 and 6 are
dlagrarratlc V|ews | stratin '

In acco(%;ngi with the process of. the present
10 1nvent1on having the above-mentloned constltutlon, an
oxygen-rich gas hav1ng a high oxygen concentraticn of
90% to 93% or more can be produced at a remarkably hlgh
efficiency. Furthermore, the operation of ‘the vacuum
pump is always effectively carried out during the cycle.
15 " The process of the present invention will now be
' explained in detail with reference to Fig. 1. It is to
be understood that the following operations are only an
_example to whlch the present znventlon is by no means
limited. _ _ .
20 ~ In operation, an oxygen-rich gas’'is continuously
) drscharged while the szx steps described hereinafter are
fsuccesslvely repeated._ The operatlng time of each step
' can be optionally controlled by a timer.
Step 1

25 - .- Valve lA is opened and pressurized'air 20, fron'

k/

which water mist has been removed in a mist separator 21,
is 1ntroduced to column A at the bottom, i.e., the feed
end, thereof. Slmtltaneously, valves 2A and 2C are
opened and column A is connected through a manifold 18
30 to column C, 1n which the pressure is being increased -
' to a predetermlned pressure by pressurized air, at the
" preceding stage (step 6), and is already discharging the’
product oxygen-rlch gas through the opened valve 12C.
- The oxygen—rlch gas 1s lntroduced to column A at the
35 _product end thereof from the top, i.e., the product end
of column C,.so as to equallze the pressures between'_
columns A and_C (pressure equallzatlon) During this.



,proc:§" f the pr esent |nvent|on of Fig. 4. -5- DESCRI PTI ON OF THE _
¥ED) EMBODI MENTS The present invention contenpl ates producing an

' 0xyé~-.and nitrogen, such as air, 5 through the use of pressure sw ng
adsorption. That is, a pressurlzed gas- nlxture |s fed into an adsorption

\(/:vﬁl um Li péﬁﬂo&ithhénfmofmtoﬁlﬂb gﬁc k s Eirikelg zeol th es,
ere the.pitrogen is~allo sor t e nt and a gas
~_enriched FA%Bx ggﬂm&oc 3 %E'g%%%fée% ‘gg?‘fr WERE adsor pti on

. col um. Ehenabemetoparathmmﬂv&iweu43ruﬁfagnnedutnd ddmmmmdﬁorptlon celum
filled w LLaPOs8a AL Jggq Lgssure in the
col um toig \&/Qgﬁﬁm pressure,. %er e%r?é&! esor bl ng ?Weq%l t?o%gc%n adsorbed 15 on

the addorBB®P. 13ccording to the present .invention; three adsorption colums
filled with ansgggozbent are used, and a pressure equal i.zation step is ~

- 3zrgheﬁsogglﬁe6¥fggsaﬂx £X€ fEct£§%tJi é%d: 1muTtanéouslgqe colunn

valve 12a is opened The product gas is dlscharged from
N -column A. Whlle dellverlng the product gas, column A is
10 supplied w1th pressurlzed air through valve lA, so that_ .
' _the pressure in column A is progre551vely lncreased . r‘\j'~
- On the other hand, valve 3B is opened and an oxygen-r;ch o
gas is lntroduced at the product end of column B from '
~ the product end of column C. The introduced oxygen-rlch
15 gas flows countercurrently through column B to purge the
' interior thereof, whlle it is belng dlscharged out of
‘the system by the vacuum pump 19 (purglng) Column C is
further depressurized whlle dellverlng the oxygen—rlch
gas to column B. The feed rate of tlie oxygen-rich gas
20 from column C is controlled by valve 17.
Step 3 _ : S
valves lA, 2C, and 4B are closed and valve 1B is _
newly opened. Pressurlzed air 1s introduced to column B -
at its feed end. Slmultaneously, valves 2A and 2B are
25 opened and an oxygen-rich gas is ;ntroduced to column B
at its. product end from the product end of column A, to
equalrze the pressures between columns A and B (pressure
equallzatlon). During this perlod, the flow rate of the
'oxygen-rlch gas ‘derived from column A zs ‘controlled by
30 valves 6A and 6B. On the other hand, valve 3B is closed
and valve 4C is opened, and column C is depressurlzed
-whlle being evacuated by the vacuum _pump 19.
Step 4 ' _
- Valves 2B and 12a are closed and, 51multaneously,
35 valve 12B is opened, and the product gas is dlscharged
| from column B. While dellverlng the product gas,
column B is suppl;ed with pressurized air through

ch gas by separating nlihpgen froma gas m xture containing nalnly -
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20 supplled with a pressurized gas mxture at its feed end is con ated.
with, the other colum which has been .already pressurized to the . .

predeterntned pressure by the gas- m xture and is delivering the pro _
" gas, i.e., an oxygen-rich gas, at the proguct ends of these colums, 25 so
~as to equalize the pressures between t hesé two col ums. . FurthernDre whi | e
one.adsorption colum is being evacuated to a vacuuntpressure at the feed

~end thereof to dgsayhk 8¢ gbt Eﬁg‘éntﬁésﬁi-é’é@ufé‘ ixhec rs; Pbgre
oxygen-ri-ch gas-i's intr duced at the product, end t hereo fro the other
-adsor pti on col um¥i¥8 ﬁuﬁﬁ@r?ﬁﬁeﬁnteQPoF %f°?¢@?f§ﬁ¢ﬁw HRRC Hjepened

operatiign is refehﬂednt6x§§eﬁaﬁﬂénl@ﬂsSiep&ntﬂ*ﬂﬁcédﬁaﬁﬂﬁﬁhﬂ§*dﬁﬁdﬁ”F rich
.gas i s contlnuou 1S | ro
g 2t Qs eBILARICELAR s N LAGUDL | Qla UE |01 dof1° 7 OGBS

. cycle. € pressdre equa |ve for plng
adsorptlon fr%ntloﬁrndppsgeﬁxvﬁeonéloblmaa Elews ¢¢nmﬁgﬁcqnngunkunghnﬂughn

oxygen-rich gas f::b@.mnhh@ to ér epﬁﬁguﬁit@ﬂ@oﬁ’ftﬁé‘ﬁ’e&ﬁ h%ﬁ.& urg, 3  her eby
~|ncrea5|ng t he oxyge Qnc on o

e resulta u n
wher ei n the oxyg@fiRec 155?#98 PHE wfoalattsm%h 038 vt e o
passed. through onpurgtingh .duCobgmhh® is further depressurized while

dellverlng the oxygen-r;ch gas to column C. The feed
_ 10 rate of the. oxygen-rlch gas “from column A is controlled
(o by valve 17. ' ' '
| ' Step 5 o ) _
Valves 1B, 23 and 4C are closed-and valve 1C is
_ ﬂnewly opened, and preseurized air is introduéed to
15 column C at its feed end. Simultaneously;'valves 2B
and 2C are opened and an oxygen~-rich gas is introduced
‘to column C at its product end from the product end of
column B, to- equallze the pressures between columns B
and C (pressure equallzatlon) During ‘this period, the
20 flow rate of the oxygen~-rich ‘gas derived from'column B
is contrclled by valves 6B and 6C. On the-other hand,
valve 3C is closed and valve 4A is opened, and column A
is depressurized while belng evacuated by the vacuum

. -pump 19. 
25 - Step 6

Valves 2C and 12B are closed and 51mu1taneously
valve 12C is opened,.and the_prodnct_gas is discharged
- from column c. Whilefdelivering'the product gas,
column'clis supplied with preseurized air through
- 30 valve 1C, so that the pressure in column C is progres-
sively increased. On the other hand, valve 3A is cpened
~and an oxygen-rich gas is introduced at the product
end of column A from the oroduct end of column B. The
1ntroduced oxygen—rlch gas flows countercurrently through
'35 .column A to purge the interior. thereof, while it is
being dlscharged out of the system by the vacuun pump. 19
(purglng) ' Column B is further depressurlzed while



bn so as to. reduce t he power cost. In. accordance with the process
of tYe present 10 invention havi:ng the above-nmentioned constitution, an
oxygen-rich gas having a hi.gh oxygén concentratlon of 90%to 93% or nore
can be produced at a remarkably high efficiency. Furthernore,; the

_operation &éli\l‘@ri&ﬁft%ﬁ@ mmen&ﬁdmgeseftfoeeumﬁmcar &hedfeaa during: the

I 15 f t t | I d
T detai | Y% YRR 5 FROR OIS Bnder CPBSAOLARE (ne

fol |l owi.ng thevalve)rfs%are only an exanpl e to which the present inventi®e’ is

- b I 2
cﬁnt”?nﬂﬁﬁé‘@ ik %2 S g Sdhe e, 20 ARk o7 are

succes S therprogngtaasygen-riclr dagoh a8degefgnepeeopt i onal |y

controll edmhh(e:?al | IR repitédentds dhe effluéalty@flAnes separadeand pressuri zed
air 20, fron%yhlch wat er m'st has been renoved in a mst separator 21, 'is
i ntroducedtFFFmn A at the bottom i.e., the feed end, thereof.

Si mul t aneousl y, Az avikls A undex®and ﬁqwndﬂlearadho&@l descsn.psz.onmnect ed
fﬂgfgggeg m'éﬁ’é@eiﬁeﬁ’@mﬁ& @ Bdps 'dbMEdplatad1y easYitd Bu’Ee' ng
10  in such a manner that steps 1 and 2 form one unit and -
the phase of each column is varied in column-to-column _ ' x'J
'relatlonshlp.' Figures 2 and 3 are diagramatic views
illustratlng the basic two steps (steps 1 and 2).
- Next, a variation of ‘the process of the present
15 _rnventron mentioned above w111 be explalned. In this
| variation, three adsorption columns filled with an
-adsorbent are used, and a primary pressure equallzation
step is carried out between any two of the three columns.
That is, one column which is being supplied with a
20 pressirized gas mixture at its feed end is. connected
‘to the other column which has been already pressurized -
-to a predetermined presgure by the gas mixture and is o
delivering the product gas, i.e., an okYgen-rich gas, : -
at the product ends of these columns,'so as to equalize
25 the'pressures.between these'two_columns.- Furthermdre,
" while one adsorption column is being evacuated to a
. vacuum pressure at the feed end thereof to desorb the
nitrogen.adsurbed on the adsorbent, ‘an oxygen-rich gas.
is introduced at the product end thereof from the other
30 adsorption column to purge the interior of the former
~column. This operation is referred to as a purging
step. Also, after one edsorption column is evacuated
- to a vacuum pressure to desorb the nltrogen adsorbed on
the adsorbent, thereby regeneratlng the - adsorbent, the
35 feed end or product end of this column is connected to
the product end of the'other adsorptionfcolumn, so as
to equalize the pressures between .these two columns.



to a predeternrned pressure by pressurized air, at the preceding stage
(step 6), -and is already discharging the" product oxygen-rich gas through~
“the opened valve 12C. The oxygen-ri.ch gas is introduced to colum A

35 product end thereof fromthe top, i.e., the product end, of col
so as to equalize the pressures between-cppuams A and C (pressure
equal i zation). During this =~ period, the flow rate of t he oxygen-rich ‘gas

derived fromcolum C-is controlled by val ves 6A and 6C. Durlng the_above
oper ati on, vaIveTthropepetednamd refemned ts depaesemondaxy\@ressure ng

evacuated by the )QﬁS.EEQ‘a@:LoH“%Ee -ﬁ!gp%@n}/%%eét%@ ﬂlpfigas iS |sc g

and, smﬂultaneously val ve S opene rged
fromcolum A  REEEEuZE| F—‘ﬁéPﬂ-h@th@npFBGBc@rga%ar@e#Qrrml'qf\ in anpremmpmeed

with pressurlZEdcamblhhtﬁbghwiﬁhveh&Apriﬁa aprésﬁhfefééﬁgfidatiaﬂ‘#E%pA

-progressively.in 82 er 3B i d an
Vgxygen rich é &§u|n$88d8588u§£ ?ﬁ%gﬁ?oﬁﬁﬁ %%ﬂ gﬁ 'EHHP %ﬂb 4Sve
product end of cehamged witheukninbeuregtiboygduring htls pmmedd ayxle.

countercurrently throggh PQEHHPprrngﬂrgeeg@Eliﬂ@{drprzé e s Wiidee 1t
I's being dlscharged Qut .
ping the adsorptlon front of nitrogen in the one

column short through the supply of an oxygen-rlch gas
K_f 10 from the product end of the other column, thereby
' 1ncreaszng the oxygen concentration of the resultant
gas. The purging whereln the oxygen-rich gas from the
_produCt end of the other column is passed through one
column during the vacuum_desorption of nitrogen in the
. 15 other column, is effective for depressurizing the partial
pressure'of nitrogen_in the column so as to_increase'the
-desorption effect and, simultaneously, for shortening’
the time for vacuum desorption so as to reduce the power
~ cost. Furthermore; the secondary pressure equalization o
20 is effectlve for further recovering a slight amount of
the oxygen-rlch gas remalnlng in the column from which
, _ 'the oxygen-rlch gas has been almost completely dls-
U : charged ‘out, and for elzmlnatlng the temperature _
_nonunlformlty in the column ‘generated due to adsorption
25 . and descrlptlon. : ' :
- This process w111 now be explalned in detall w1th
reference to Fig. 4.
1+ In this operatlon, an oxygen-rlch gas is con-
ftlnuously dlscharged wh;le the nine steps described
30 hereinafter are success;vely repeated. The operating
time of each step can be optlonally controlled by a.
tlmer.
Step 1 _
valve 1A is opened and pressurlzed air 20, from
35 which water mist has been removed in a mlst separator 21
is 1ntroduced to column A at the bottom, i. e., the feed
end thereof. Slmultaneously, valves 2A and 2C are



t he s.stenrby t he vacuum punp 19 (purging). Cblunn Cis * further

deprssiri zed while delivering the oxygen-rich gas to colum B. - The feed
r at {29/ he oxygen- rich gas 20 fromcolum Cis controlled by valve 17.
Ste Xal ves 1A, 2C, and 4B are<chgesed and valve 1B is newy opened.
Pres$ufized air is-introduced to colum B. at its feed end.

~ Simul taneously, valves 2A and- 2B are 25 opened and an oxygen-rich gas I S
|ntroduce@p@@edohmdncalamnrASLprodmmunéodtédoﬂhrh@gmrm&hﬁiorumugﬁ col um A,

t I h S Rt wee u sure ual i zation).
Dur i gt hd S conyiny & GRiB8 #2°Balfly BRasEEEeT (B RS BT 1 Mom

col um A iteradnefopregsyyesby PﬁﬁﬁégrsﬁﬁéndlﬁBat the tprecrding hand, valive
3B is cl osesigwctstelpve)4€nas1epamedad§ndlseha£§/al V'éhégﬁ’g 58 12' zed whil'e

A are.closed -

b t ed 2
| aﬁdngs$x3%%§ﬁ§@u§%f 33% F9Bgﬁngth°Bﬁ§ﬁgdvaaﬁ% fﬁ% ™Rict gas is
di scharge@:ﬂ?ﬂg@m-a:dlchrrgas isV\hntsodetedetongolimmpAOdthth@a‘_ﬁroducﬂQl um B is-
supplied Wrieh ulleesel 28l 2he EBHOUGN.., ¥ﬁ%x§r&$h £0ddialod he pressure in

colum B is progres- sl vel |ncr . anﬂ val ve 3C |s
opened =~ €° lumn™C, to equalize the pressures between columns A _

and C (primary pressure equalization)._ During this'
- 10 period, the flow rate of the oxygen-rich gas derived _ .
from column C is controlled by valves 63 and 6C. On o _ \-)'
the" other hand, valves 4B'and 5 are opened and column B
is depressurized while being evacuated by the vacuum
_ 'pump 19. C
15 Step 2 S
. Valves 2A and 12C are'closed'and valve 12a is
'concurrently opened, and the product gas is discharged
from column A. While delivering the product gas,
column A is supplied w1th pressurized air through
20 wvalve 1A, 'so that" the pressure in column A is progres-
sively increased. On’ the;other hand, valve 9 is opened :_
and an oxygen-rich gas is introduced at the product end

" of column B from the product end of column C through | SR

~valve 3B which has been already opened at step 9. The .
25 introduced oxygen-rich gas flows countercurrently through '
column B- to purge the interior thereof, while 1t is
being discharged out of the system by the vacuum pump 19
(purging). Column C is further depressurized while
delivering the oxygen-rich gas to column B. The feed
30 rate of the oxygen-rich gas from column C is controlled :
by valve 17
Step 3 ,
‘While delivering the product gas, column A is
supplied with pressurized air and is further pressurized
35 until a predetermined highest pr essure is reached
" valves 2C 3B, 5, and 9 are closed and valves 3c and 10.
are: newly opened The orygen-rich gas remaining in the



and an oxygen rich gas IS |ntroduced at the product end of colum C from
t he product end of columm A - The 5 i nt r oduced oxygen-rich gas flo ,3-
countercurrently through colunn Cto purge -the interior thereof, whi
i s being discharged out of the system by the.vacuum punp 19 (purglng
Col utm A is further depressurized mhlle'de?|Ver|ng t he oxygen-rich gas.to
columm C. The feed IO rate of the oxygen-rich gas fromcolum Ais

I 1B,.' I d alve
10T s newt'y opendel poRedBu ol ok T e 18 1 Rleduetl ot RS GrdnA <ty
its feed end. SQﬁHQQ%m@®u§hytOV&Hueélza dhe ﬁfEsseraseMGtWeemIcﬁnumns B
oxygenidd ch gas ighd @:tr(%%aéa&— selautgﬁrg é@géifz&ég ﬁeeeﬂﬁjeff &4d %and c

. product end of cal to equal | ze sures | n col'ums
(pressure equallfﬁfqgﬁ)°x§§FPn§1F gaﬁefFBB ¢ humn oC #$cﬁ¢#¥ﬁ@#lﬁdthxa
oxygen-rich g8s cmlweedlf.rom colum B is controlled by valves 6B and 6C.

On the other hand c d d Ive 4A | S, 0 n and col u
i s depressurized mh.Ie‘%é?%Eb§9a%§§§ 3gg % CREWE Lﬁhy rﬂ;roéhce tep
6 Val ves 2C and BfBtRecprrducy end gfrrgolnmoasby maimﬂxﬁhg sralpenagl and’

t he product gas w@e@baghahggqaﬁéogfcgbgﬁyngtvay@élfbdel|ver|ng the product_

gas Step 4 : L

10 vVvalves 1A and 4B are closed_and'valve 1B is newly

'~ opened, and pressurized air is introduCed to column B

at its feed end. Valves 2A and ZB are concurrently
opened and an oxygen-rich gas is 1ntroduced to column B
at its product end from the product end of column A, to

155'equallze the pressures between columns A and B (prlmary
pressure equalxzatzon). During thls period, the flow
rate of the oxygen-rlch gas derlved from column A is
controlled by valves 6A and GB. In the other hand,
valve 10 is closed and valves 4C and 5. are opened, and

20 column C is depressurlzed whlle belng evacuated by the

_ vacuum pump 19. '

' ' Step 5 | ) _ _ :
_ Valves 2B and 12A are closed and valve'lzsiis
concurrently opened, and the product gas is discharged

25 from column B. While deliverlng the product gas,

"~ column B is supplied with pressurlzed air through
valve 1B, so that the pressure in column B is progres-

h-szvely increased. On the other hand, valve 9 is opened

and an oxygen-rlch gas is 1ntroduced at the product

30 end of column C from the product end of column A. The
introduced oxygen-rlch gas flows counter-currently
through column C to purge the interior thereof, while
it is belng discharged out of the system by the vacuum

_ pump 19 (purglng) ' Column A is further depressurlzed

35 whlle dellverlng the oxygen-rlch gas to column C. _
The feed rate of the oxygen-rlch gas from column A is
controlled by valve 17. : ' '

U



" val

colum Cis supplied with préssurized air through 30 valve 1C, so that the
pressu?é\ln colum Cis progres- sively increased. On the other hand, o
e*SA—'s opened and an oxygen-rich gas is i ntroduced at the product end .

of A fromthe product end-of3cal um B. The introduced oxygen-rich -
gas countercurrently. through 35 colum Ato purge the interior
thereof, while it is being discharged out of the syst-em by the vacuun1punp

19 (purging). __ggﬂﬁ_B is further depressurized while -9- delivering the
oxygen-rich ga%hhgffggﬂggeégpgl sfsegdéégeg%; tg§18§¥g§n éICh gas from

colum B is contr erence huneral 22
repr esent SURR-1d é’f’-ﬂ%ﬁlesdprtlﬁédpﬁéduéﬁ ok§gEnTEReR Bressentredf er engie

nugeral ZSn?ﬂnrQS@&@EéH@&m%hEBUﬁﬂ?h@Ett?ﬁeﬁegﬁéalgdr?aéﬁéﬁﬁn AStWA'| be
under st.00 om v sar iLption e .abo ntio eps are
r epeat &dl S/’cé'rel‘s ?& 31&0'13 %‘R cRTE RARRSH Fﬂétvgﬁéﬁ Qfaﬁfb‘&;& orm one

unit and tdne pleady obesedh c@hennstenarned gascuoenanring cid urire

relati onsm(gz:er Fo@w%g 2201308 & 9529h2RBELELY! SESehb! HOLE AUADY the basic
two steps (Steps 1 an
f column C, to equallze the pressures between columns A
_ and C (secondary pressure equallzatlon) . The feed rate

10 of the oxygen-rlch gas from column A is controlled by

valve 11. o R R
i o T ~

Valves 1B and 4C are closed and valve 1c is newly
opened, and pressurlzed air is 1ntroduced to column C at
15 its feed end._ Valves 2B and 2C are concurrently opened.
and an oxygen-rlch gas is 1ntroduced to column C at its-
product end from the product end of column B, to ecuallze
the pressures between columns B and C (prlmary pressure
equal;zatlon). Durlng thls perlod, the flow rate of the
"20 oxygen-rlch gas derived from column B 15 controlled by
valves 6B and 6C. On the other hand, valve 10 la closed
- .and valves 4A and 5 are opened, and column A is depres-
surized while being evacuated by the vacuum pump 19. S
~ Step 8 ' - : _ - "-: -
25 - Valves 2C and 128 are closed and valve lZC is . :
"concurrently opened, and the product gas is dlscharged
from. column cC. Whlle dellverlng the product gas,
column C is supplled w1th pressurlzed air through
valve lc, so that the pressure 1n column C is progres-
30 51vely 1ncreased. On the other hand, valve 9 is opened
and an oxygen-rlch gas 1s lntroduced at the product
end of column A from the product end of column B. The
introduced oxygen—rlch gas flows counter—currently
through column A to purge'the,lnterlor thereof, while
35 it is being discharged out of the system by the vacuum
.pump 19 (purglng) : Column B is further depressurlzed
while dellverlng the ouygen-rlch gas to column A.



Next ,. a variation of the process of the present 15 ’invention mentioned
above wi |l be explained. In this variation, -three adsorption colums
~filled with an adsorbent are used, and a primary pressure. equallzatlo_
is carried out between any two of the thrﬁ golunns ‘That is, one col
which is being supplied with a 20 pressu z&d. gas mxture at its fee
I s.connected to the other colunn whi ch has been already pressurized to a

pr edet er.ni ned preﬁﬁé”feé&’ H{% gﬁsew&: ﬁﬂ%bﬁ gs ¥§éengoi£k pg ogyict

gas, i.e., an oxygen-ri.gc uct end se Cco unns SO as
~to equalize 25 é%?%?%@%ﬁf H@@N@e Phese two. columms.  Furt her nor e,
‘whi l e §pe- adsorption @d gﬁgg IS being evacuated to a vacuum pressure .at the
n

feed end thereof to d en,adsor ed on_t he adsorbent, an
oxygen-rich gas. is intro uce§£®éﬁA% ﬁPSdBEP BEE FA8r BPLIEPRTtHe ot her 30
adsor pti on coBunrSuRPledavitthe pressurdzeds aikeandr ier fupthen. pravswrized

operation is ref it b jiedddnlndd HigRestbs Bse}g&eisoygaéﬁé&fp“on

columm is evacuated to acuum_pressure’to e nltrogen adsor bed on
the adsorbent, thet 2%beﬁ Bratirngnehd &6§0F58ﬁﬁd 2Re ¥alvesclp eard ok0

pr oduct end of t e quwlyn dpenedineThedokggeherpehdgas ?éﬂaﬁﬁlﬁéﬁaﬁﬁiﬁe
2gfagﬁg'on COlL””hpﬁgréﬁtﬁtld%9%¥ E%ﬁuhﬂenprgsiﬁigéaggé §¢ theSEEeXWEnd
_ - 10 of column A, to equalize the pressures between columns A
-'&z'__ : and B (secondary pressure equalization) . The feed rate
a of the oxygen-rzch gas derlved from column B is con-
trolled by valve 1.
In Fig. 4, reference numeral 22 represents the
15  effluent of the product oxXygen-rich gas, and reference
numeral 23 represents the effluent of the separated
- nitrogen. . ) '
The.secondary_pressnre eﬁualiiation in steps 3, 6
and 9 may be carried out by introducing the oxygen-rich
20 jgas'derived from columns C, A and B at the product ends
of columns B, C and A, respectively, as illustrated in
step 3 of Fig. 5C. o
-As'will'be'understood.from_the above description,
the above-mentioned nine steps.are repeatedly-carried
25 out in such a manner that steps 1 through 3 form one |
- -unit and'the,phase'bf each column is varied in a column-
to=-column relationship. Figures 5 and 6 are dlagramatlc
views 1llustrating these three basic steps (steps 1
through 3). '
30  As described hereaboye, in accordance with the
_ proeess of the present invention, the pressure in each
column is constantly varied and is not maintained at. _
any certaln value even for a moment. This is reallzed
by effecting a mutual evchange of oxygen between the
35 columns, which is effective for_reduc1ng the amount of _
- oxygen discharged out of the sYStem as' much as possible,
to increase the oxygen yield. Furthermore, even if the



-10- This operation is referred to as a secondary pressure equallzatlon B
- The purging step and the secondary pressure equalization step are
out i'n appropriate conbination with the primary pressure -y
. equa tion step. 5 Thus the: proggct oxygen-rich gas is continuously dIS-___
“without interruption durTng the process cycle. The prinmary pressure

equal i zation is effective for keeplng t he adsorptlon front of ni trogen in.

“the one cakyABsENELsbRESUSR Ldo Sa AR, Jo fromthe
OF the-of fpERA Seie .

product end col um, |ncreas
concentraFPoheoFeFﬁBe¢e§ElFgﬂtpﬁﬁﬁsuq?ﬁiﬁﬁwiﬁ4gy rth31waﬂ¥u3kygen rich gas

fromthe Bliddl,lcresgdcﬂivéby,Oiherkﬁptuw aaﬁt?s%élhr oln;@xecol UNMT
during th trogen in e colum, is-
effecglve ng gg¥e§§g$2§#§g $% Q% f%ﬁ SUre st 99 r}ttﬁ“H’gen in the col um
'so as o0 rﬁéﬂeasethheaﬁeswptPmssetiteoandanthe saveﬁagmemﬁium for shortening
the tine {oeésgaﬁaugsdﬁseﬁpsg%béglﬁfet%cf ﬁfz%%\:f\eon d L. |

Furthernofe, the secondary pressure equa ective for _
further r€88$er|ng a slight anmount of the oxygen- rlch gas remaining in the

- colum from whPabgihe bxygenindifo@tsalibs dinaratildid o yadAke! y di s-
Cor i acdErat B bR g Vel S L te? SR 1 (e
10 of oxygen. In controlling the highest purging amount, R
it is not particularly necessary to know its absolute ' _ .k¥'
amount. This control may be effected on the basis of -
a reduction in the pressure 1n the column delivery
' purging oxygen (this pressure reduction 18 represented
15 as purge Ap). The purge Ap is usually in the range of .
~ from 0.1 to 1.0 kg/cmz., The purging amount is determined
in such a manner that the highest oxygen concentration
and recovery per ‘maximum. pressure of adsorption, maximum
_ Vacuum pressure to be reached,_and optimum cycle time
20 ' can be attained. '
"The factors for evaluation of the efficiency of the
‘process. for producing an oxygen-rich gas by pressure
swing adsorption include the oxygen concentration of -
the resultant oxygen-rich gas and the recovery thereof.
25 As another factor, there may be mentioned a ratio of
the amount of an adsorbent, e. g., molecular sieve, to
the amount of oxygen produced, per unit time. In the
followrng examples,_this_factor is referred to as a |
bead size factor (BSF) and“the unit is expressed in
30 terms of (kg-MS)/(t-Ozfd)f[(kg molecular3sieve)/ j
(ton+100% Ozlday)] The BSF is a factor relating to .
the process and the quality of the’ molecular sieve.
However, where molecular sieves of the same quality
are used, the BSF serves as a factor for evaluating
35 the process. As is apparent from the above-mentioned
unit, lt is deemed that the lower the BSF, the better
the process. ' -



25 and descrlptlon This process will now be explained in detail with
reference.to Fig. 4. In this operation, an oxygen-rich gas is con- =
ti.nuously di scharged while the nine steps described 30 . herelnafter;

successively repeated. The operating ti of.. each step can be opt;;Da
controlled by a tinmer. Step 1 Valve 1A is opened and pressurized an_-
from35 which water m st has been renpved in -a-nist separator 21 is

-introduced to col urm &h@t p&@%eh@t ti.ﬁ%n\:n.@n wile Lf:@egx}lﬁ’f@lné&'e{r?q{o

Si mul t aneousl vy, v %Sﬁn% ? ene and um A is connunlcated.

through‘nanlfold otleKirg F 2BBr Y- pressurized to the prede-

term ned pressure- by mmam@d5|1ed air at the preceding stage (step 9) and is

al ready di schargi ng tQﬁr@@pgﬁgbf?taBﬁygSEuﬁhgheggﬁpﬁgifﬁﬁ e opened val ve’
amm e pr

. 12C. The oxy?en rich'gas i1s in o col 1 end
t her eof from ?he dgmetereof Blcmpr audce baiighbfofowimmovere fiikad ze t he

pressures bet weerrceplee®iveAygneiCh( pr LaBKY afeéﬁuaés@%t Z&dh L1t indPH¢ NY
.?hls 1'0:'per'Odw&hﬁ%uaggwégggg ngtgeagéyggghrﬁaVLQ a g?éé“%% 8 to 12
- ' mesh. The operathnal conditions comprised a highest . .
~ adsorption pressure of 0.5 kg/csz, a vacuum pressure
| 10 to be achieved of 200 Torr, and a purge ap of 0.2 kg/cm .
O ' The cycle tlme was changed per etperlmental number.
. Continuous operatlon was carried out accordlng to the
above-mentioned process (the process shown in Figs. 2.
and 3, i.e., the six—step cycle). The results obtained
15 are shown in Table 1. | ' -




-fromcolum Cis controlled by valves 6A and 6C. On the -other hand, valves
4B and .5_are opened and colum B is depressurized while being evacuated by
t he vac.q \punp 19. 15 Step 2 Val ves 2A and 12C are closed and val ve
12A i urrently opened, and-t.hez product gas is discharged from col um

A Wie elivering the product gas, colum A is supplied with pressurized

air through. 20 "valve 1A, so that the pressure in colum A is progres-
sively increased. On the other hand, valve 9 is.opened and an oxygen-rich
gas is introduced at the product end of .colum B fromthe product end of
col um C through val ver 3B which has been already opened at step 9.. The 25
i ntroduced oxygen-rich gas flows countercurrently through. colum B t ongurge
the interior thereof, while it is bei ng di scharged out of the systen1by t he
vacuum punp 19 (pufg'n" Colm—C i s further depressurlzed whi |l e

delivering the oxygen,[lch gas to cpl um B. The feed 30 rate of the
oxygen-rich gas from&llum Cis coptroll ve.17. Step 3 Wile _
del i vering the{productd¥as, col um A is su pI ith pressurized air and
is further pregsurized :353 ungi | cval Pr edet egni i ghest pressure is
reached. Valve$ @C, 3B S;g'a-rﬁ 9gar e cl-ose :nd ‘val ves 3C and 10.
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are nemﬂy opened The oxygen-ri-ch gas remaining in the "12 upper
portion of colum Cis introduced at the feed end of colunn B, to equalize .
the pressures between col urms B and C (secondary pressure equalization):—
The feed rate of the oxygen- rich gas fro Eolunn Cis controlled by
11. The oxygen rich gas from.colum C may 0e introduced at-the produ
-of colum B by maintaining val ve 3B opened, in place of openi ng val vel

Step 410 = Val vegxbmpied 24B are cI osed and valve 1B is newy. opened
~and pressurized air is,introduced tg um B at its feed end. _Val ves 2A
and 2B are concurrentli‘;;1 ofENEd RT3 ﬁoafyﬁéntPPEﬁ dascribed; }p Framplie 1

col uMmiB at- its preoreu cteperadtefd; o exceptptbdticthendpetatbbnal dondDtiléns _
~equal i ze the presy, e col d essure '
“equal i zati on), DurFﬁ hgﬁﬁgsbgflodgnpagﬁ??gmfggégﬁkgg%h%P%§§Eﬁ$I??ch gas
derived from 8ol ®rd K 9 §“b5htFoVFé&uEyP#§$$§§e6ﬁpah€ §Eh1eVGdtm@‘other

hand, valve 10 i g6 aeed,aaadval p&&géCagnef% .arexgpentd, 'ﬂgéi f1golum C

Is depressurlzed l%a%?%%%nge gg%eexp rlmenggfuuum£Er. 1'Con_tJ.nuous

- operation was effected. The results obtained are shown
in Table 2. .



"Step 5 Val ves 2B and 12A are cl osed and valve 12B is concurrently opened

and the product gas is discharged 25 fromcolum B. While delivering t he
product gas, colum B is supplled W th pressurized air through valve 1B, so -
. that - ’pe\pressure in colum B is~ptdgres- sively increased.- On the other
“hand, e 9 is. opened and an oxygen-rich gas is |ntroduced at’ the product
30 'e*é%%? colum' C from the product end of colum A -~ The introduced :
- oxygen™N.i€h gas flows counter-currently through colum C to purge the:
interior thereof, while it is being di scharged out of the systemby the
vacuum punp 19 (purglng) "Colum A is further depressurized 35 while-

.- delivering the oxygen-rich gas to.colum C. The feed rate of the .= - 4
- oxygen-rich gas fromcolum Ais controlled by valve 17. - - 13- Step 6°
Wi l e delivering the prgduct gas, c¢lum:B is supplied with pressurlzed air
and is further pressurtzed until a predetergri ngd ki ghest pressure is
reached. 5 Valfves 2A dC, 5, and 9]are cl @ed@anf valves 3A and 10 are
newl y opened. [The oxfgen élcb,g%§ enaini@? i% tge
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upper. portigon of colum A is introduced at the feed end of colum C, to
equal i ze the pressures between colums A and C (secondary pressure

equal i zation).  The feed raté 10 of the oxygen-Tich gas from col HT™A i S
controlled by valve 11. Step 7 Valves: 1B gpd.4C are closed and v "_)%){Mi is
new y- opened, and pressurized air is intrbduced to colum C at 1%-"1ts feed

end. Valves 2B and .2C are concurrently opened and an-oxygen-rich @as is
-i'ntroduced to col um. GopbarhtiReOduekpead1fromthe product end of colum B,
~to equalize the pressures between-colums B and C (primary_ pressure '
equal i zation). DurindPenS8MePPEFatiARSt pBuLRGER deseRrided imBxpmple dh
gas detjved fromwealeumepBaitedcorkrepbktedhly thtVepe f8: biith b GondItidies ot her
hand, valve 10 i 0 lLve . 5 - opened, _and col Ais:
. depres- surized \?\vﬁfijlee%g%n gqeégéua eﬁ%@ggﬁe"’@gﬁﬁ FRFIFUE &F 5 25 |
Val ves 2C and3128 -& &9dicos &d &n&raﬂaumeplesriilsecmcbgrmhigweﬁ)eurﬁad, and the
product gas is .dizpehaeged Ghamacehy 0| Ba Vi d e Pradust. gas,
collum C is suppli Wi LLJéFpres urgi' zgg %roﬁ?oﬁéﬁ&bal \%6 -%f%d'%ohat tteéig
pressure in col ¢ i s IHPoG¥ESE 5BMEsTRE| GRANGRL R . SXPEFLNSNEDK her hand,
val ve 9 is openecumbgran Copgdnupiishopasation wasdeffslctdd s hery gl end

of “colum A fromduigiieaddre SRGwA! 10PHBT By, The
: 10 " In these expe'r_:iment's", the oxygen co_ncent_r‘aﬁion was
(N ~less than 85% and the oxygen yield was 1/2 times or less
. that of Example 1. ' : ' o



i ntroduced oxygen rich gas flows counter- currently through colum Ato ~<
purge the interior thereof, while 35 it is.being discharged out of .tHhe:

~ system by the-vacuum punp 19 (purging).- Cblunn B is further depressurrzed-f

_separated nitrogen. .

whi:l e .de| i vering the oxygen-rich.gag Lo colum A. - 14 The feed rate of

't he fqxypgen-rich gas fromcolum B is controlled by valve 17. Step. 9 Wi | e
del i g the product gas, colum Cis 5 “supplied with pressurrzed air
and urther pressurized until .a predeternlned hi ghest pressure is

reached. Valves 2B, 3A, 5, and 9 are closed and valves 3B and 10 are new y
opened. The:oxygen-rich gas remaining in the upper portion of colum B is

Jintroduced -at the feed end 10 of colum A, to equalize the pressures\“

bet ween col ums A and B (secondary pressure equalrzatron) The feed rate.
of the oxygen-rich gag—derrved ||uu|uu1Uﬁn B is con- trolled by val ve 11.
In.Fig. 4, reference funeral P represg¢nts the 15 - effluent of the product
oxygen- rrch gas, and feferencg nuneral 23 represents ‘the effluent of the:

5

3625
6768

(kg-ns)/(t_;o

®

35.0
28.4

Oxygen

"Table 3
oxygen
" (Nm3/h)
0.350
0.141

. Oxygen :
enriched.  concentration vyield
%)
62.8
84.3

Flow rate  Amount of

(N /kgMS+h)
0.109
0.073

of air

Ne/h).
2.99
2.00 .

Feed rate

No.
387-2
388-3

Experiment




The. secondary pressure equallzatlon in steps 3, 6 and 9 may be carried out
by introducing the oxygen-rich 20 gas derived fromcolums C, A and B-at

the product ends of colums B, C and A, respectively, as illustrated 4 }
step' 3 of Fig. 5C..As will be understood $$0m the above description,{ -
above-mentioned nine steps are repeatedly carried 25 -out in such a er
that steps 1 :through 3 formone unit and the phase of "each colum is varied

in a colum- to- coIun@ohghghteﬂahgﬁampfégmres ‘5 and 6 are diagramatic views -

illustrating t hese three basic ste ste thro _
described hereabove, E‘aé@ﬁ‘ﬁdﬁﬁ%e%f% g% %?%%%s g%‘fgi%egplf%sgex%mﬁe o
|nventk4n t he pmesaumepeatedchexcephnthatcbhetéqptqssuwlzmnquWﬁss not
mai ntained at an b gab;i‘a wCdBhn ﬁeatH‘)Efﬁ tselir%%?éﬁzf&ati z&ed, by

.effecting a nutua chang oxygen between ums, which is.
‘effective for 5r edihﬁ Ngw BYBBnWasgs kBR?gé‘ﬁ"ﬂ?géhaiﬁ%'éﬁﬁﬁ%fc%‘?@”ﬁ%t em
ﬁs HUCh as possi tau? t?jﬁ acheas gutlitofXy JEReytptle €imé hmsrmsleanqaaﬂsn i f tﬂe
i ghest pressure of adsorption n vac S 0 at ‘the’
pressuri zi ng si de?e&mfxtpﬁgq\lflgg&&% F%'ggrl’esﬂe{ ?%glﬁgﬁg?{‘e ke éj‘fﬁ%@%

_level range, theoperation was effected. _ The results obtalned are shown

in Table 4. :
10 ' The resultant product gas exhlblted a remarkably

; low concentration of oxygep and inferior yield.



. incessant variation of the pressure in each colum 5 reduces- t he average
_-pressure and the average vacuum pressure as nmuch as possible, to decrease -

t he power cost. -

cont r gAli)ng the hi ghest purging anount,

know

absol ut e anount. .

Thi s control

Purgi ng i's’.an i ndi spensabl e operation for stably _
ob{aig%gs t he product gas havi ng. @3hi=gh concentration 10 of oxygen. In

it is not particularly necessary.to |
may be effected on the basis of a

reduction in the pressure in the colunmn delivery purging oxygen (this
‘pressure reduction is represented 15 as purge [err]p). The purge Ap is _
usually in the range of fromO0.1 to 1.0 kg/cnferr]. The purging amount is .
determ ned in such a manner that ‘the highest oxygen concentration and

reached, and optinu
eval uation of the e
gas. by pressure sw
resul tant oxygen-ri
there may be nentio
nol ecul ar sieve, to
fol |l owi ng exanpl es,
and the unit is exp

‘Table 4

" recovery per naximum pressure ‘of. adsorption, nmaxi num vacuum pressure to be

M Ccyclre ] e 20 —camjbe attained. The factors for
fficier of the prodess for. producing an oxygen-rich
ng adsoﬁgtion i ncludg the oxygen concentration of the
ch gas ®nf Lhegecudry thereof. 25 ~As another factor;
n%'a r&t| oigof } hagarount of an adsorbent, e.g.,
whe amaupt Pof “Oxyger produced, per unit tine. - -In the
this fgc.or-is'r erfred to as a bead size factor (BSF)
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30 terms of (kg.Ms)/(t.O[err]/d) [(kg nolecular sieve)/ (ton.100%
C{err]fday)]. The BSF is a factor relating to the process and the quality

-of the nol ecul ar sieve. However, where nolecular sieves of the sane quality_."

are used, the BSF.serves as: a factor for evajuatlng 35 the proce » As- |s'_
apparent. from'the above-nentioned unit, I's deened that the lo e
-BSF, the better the process.: - 16- The present i nvention wll

explained in nore de&ﬁtnﬁﬁk:%he follomnng exanpl es. Exanple 1 Three :
adsor ption col ums eac an inner- 5 dianeter of 81 nmand a helght '
" of 2.5, mwere f|IIedThﬁéﬁxﬁﬁﬁqﬁﬁ§}°ﬂmqﬂ+u9nf4eﬁﬁ hohayingqasr bBRRT consi sti ng
of Mohegul ar Si eyfareéheamls leamh and ianhed ghitz 6 £0R . 8 quWéBenESIIledThe

.'oper at i onal: cond|t|on compri seq.a est rLRti.o essure 5 '
‘kg/cnferr]G a %Br Urég%@’tdlbggegﬁag 58 Prgfgg ?8??1s§hﬁga pur ge
Ap of 0.2 kgﬁcn{@f Molepwlay Qieve d3Xvbeadsaegeh pevisgparsizetaf Hurber. -
~ Continuous oper afj G 44AS @ﬁﬁi'ﬁ?&f&@idﬂ%ﬁp%@h@ﬁt&%n&h%cﬁgfigeéﬁgthEEﬁ%E*

process (the process shown in I X-step cytle
“The results obt #A4RKRFPtion pressure of 2.0 kg/cm G, a vacuum pressure

to be achleved of 160 Torr, and a purge Ap of 0.2 kg/cm .
The cycle time was changed per’ experlmental number.
10 Continuous operation was carried out according to the
L : above-mentioned process (the processes shown in Figs. 5
and 6, i.e., the nine step-cycle). The results obtained
are shown in Table 5. '



except that the

a hi ghest adsorption pressure of 2 *

Exampl e 2 The sane
5 0.5 kg/em'G a vacuum pressure=t pshe achi eved of 2 360 Torr,

Ry

[err]

17-
- _operations as those described in Exanple 1 were repeated,

condi ti ons were changed to:

15 are shown in Table-1.
oper at i onal-

and a purge

The cycle tinme was changed per experinental

ntinuous operation was ef f ect ed. The results obt ai ned are shqmn"
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"-20 - Conparative Exanple 1 The sane operations as those described in

- Exanpl e 1 viere repeated, except that the operational conditions were
changed. to0: = a highest adsorption pressure of 25 0.5 kg/cmG a vaetuum
pressufe to be achieved of -2-200 Torr, and a purge Ap of 0 kg/cm ‘ﬂgég

purging carriéd out). The cycle tine Wh353ﬁanged_per experi nment al 'r;:
Conti nuous operation was effected. The results obtained are shown™ abl e

S0t the byann e GBS mdpgEn concent L on uns |ess hay
lerr] _ The same operations as those described in Example 3
' ' {; o were repeated,'except that the purging step was omitted
-from the above-mentioned pchess {i.e., valve 9 was kept
5 closed). The results obtained are shown in Table 6.
According to this process, it was impossible to
increase the oxygen'qoncentration to not less than 91.8%,
and the oxygen yield'was remarkably low as compared with
Example 3. C | '



-22- Conparative Exahple 2 The sane operations as those described,ih ,
Exanple 1 were repeated, except that the depressurizing was effected by
-_blow/dowgidue to the self-pressure (i.e., 5 the vacuum punp was. kept -

experimental nunber. In this manner, continuous operation was

effecte he results obtai ned are shown.in Table 4. 10 ' The _
resul tant"product gas exhibited. a remarkably | ow concentrati.on of oxygen
and inferior yield. -23- [err] [err} -24- Exanple 3 Three adsorption
colums each having an inner diameter.of 81 mmand a height of 2.5 mwyere
filled, respectively, with 9,1 kg of an adsorbent consisting _ Nt
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tead of carrying outtpg Macuum suction. - The cycle time was



5 of Mol ecul ar Si eve 13X beads each having a size of 8 to 12 mesh. The
operatlonal condi tions conprised a highest 2 adsorptlon pressure of 2.0
~kg/cm G, a vacuum pressure 2 to be achieved of 160 Torr, and a purge [err]p_.

of* 0.2 kg/cm The cycle tine was changed ger experlnental nunber. 1<y
Conti nuous opération was carried out -&c Brdlng to the above-nenti
e)

process (the processes shown in Figs. 5 and 6, i.e., the nine step
-The resul t's obtained ar.e I - - 25- Jerr] - 26
-~ Conpar ati ve Exanpl e fire J; o%%%a }gng as those described in Exanple 3 :

~were repeated, excepﬂﬁmh@@ﬂ@h@ppuﬁgungssF@pthaseodescedbedonmtEmBTDl°
‘abovexnent i oned ﬁf&%%ﬁr;e(ate% Accé’% %h‘H%S th@pbu'églﬁboﬁﬁg)carir{‘@dr&%”é§

obt ai ned are shomm | 6. % rocess, It was 1@3035|ble
to normal pressure w1thout ffect1 acuum suction

5 the vacuum pump was kept stopped), and the purge Ap was:
changed from 0.2 kg/c'n2 to 0.8 kg/cmz.' The cycle time
' was- the same as described in Example 3. A purge Ap cf
0.8 kg/cm® indicated the optimum value obtained as a
result of the preliminary experlments. The resuits_ 
10 obtained are shown in Table 7. '
- According to this process, it was possible'to
increase the dxygen concentration to 94.0 but the oxygen
yield was 1/2 times or less that of Example 3.



i hcrease the oxygen concentration to not' | ess than 91.8% and the.oxygen‘-t
yield was remarkably low as conpared with Exanple 3. - lerr] -28- -
Conpar ati ve Exanpl e 4. The sare operations as t hose descrlbed in Exanple 3 -
" were repeated,. except that the purqgng was carried out at nornsl pressure -

_ Wit hout/ . ecting vacuum suction (i 5 the vacuum punp was kept - '
st oppe: nd the purge [err]p was 2 ' ' 2 changed from 0.2 kg/cm
~to0 0.8 cn{err] The cycle tine was. the sane as described in Exanple 3.
A purge [err]p of 0.8 kg/cnferr] indicated the optimm value obtained as a
result of . the 'prelimnary experinents.. The results 10 obtained are shomn
in Table 7. According to this process, it was possible to increase. t ho -

“oxygen concentration to 94.0 but the oxygen yield was 1/2.tinmes or |ess
~that of Exarrple3 : ' -
"n:?.
~
o~
<
tlg g
& SRR
2 |
5@ - N W W
H “ * L] L)
g3 S|4 & d
B
g 2|13 &g
g & & 8
e %9 =
- E.‘: T o .~
g |taBc| 5 B S
C3 §§§§ S o &
o s
3 < |
© m T <
" 8335
§ m& o o O
= &
% N = ' :
SIS EREE
1 : '
S - S
g - ™ =
2 | g 8 8
g‘ - ~




--29:.[err]‘ -30 Exanpl e 4 The same operations as thoée described in
Exanpl € 3 were repeated, except that the highest adsorption pressure and
£ he vacuum pressure to be achieved were 5 changed to 0.5 kg/cniext] G and "

200 Torr, respectively. The cycle tine_ changed per experi jentjal nurnber.
_Cbntrnuous opération was effected. The results obtained are In Table
8. . --31- [err] = -32- S -
: Example 4
_ The same operatlons as those described in Example 3
5;; were repeated, except that the hlghest adsorption

pressure and the vacuum pressure to be achieved were

5 changed to 0.5 kg/cm;G and 200 Torr, respectively.
The cycle time was changed pér experimental number.
'Cohtinuous operatipn-wes effected. The results:obtained
_are shown in Table 8. . -



Cbnparatlve Exanpl e 5 The sane operations as those described in Exanple 3
were repeated, except that the highest adsorption pressure was.changed to .
0.5 kg/cnferr]G and the desorptl 5 was.carried out by blow down due to .
the sel f.-pressure wi thout effectlgngacuunlsuctlon and no purglng was

. carried-qut. The cycle tinme was changed per -experi nental nunber .

operation was effected. The oxygen concentration could not be .

Cont i
i ncrea to 10. nore than 28% and the oxygen yield was remarkably _
'decrea~-'._The results obtained are shown in Table 9. = -33- [err] [ [err
-34-  CLAIMS: 1. A process for producing an oxygen- r|ch gas wherein gﬁree '
adsorption colums -each filled wth a ‘bed of -
)
.\N
-9 _
By 21 8 3
a =l & &
g .
&
g% %l ¢ g
|88 =z| 2 =
2 e \D -
g IS
| 8
o . .
Q o s
3 128582 g
g 2| o o
=
'2 Nl =& o
. = xR (=2}
- BlEE
|8 =S|e ¢
s g
8 -
T B
gy 2| &
{7 Co
- -
2. (¢ 7
T2 e
E‘ NN




adsqrbent capabl e of selective adsorption of nrtrogen are used, and a gas
m xt ur & .cont ai ni ng oxygen and nitrogen is 5 fl owed through the
tadsorption colums to cause the nitrogen contained in the gas mxture =
to be adsorbed on. t he adsorbent, thereby %ennving the nitrogen fromkthe gas
m xture; . conprising carrying out essively the follow ng ftep
inafirst adsorption col um: 10 (1) introducing L,)
xygen-rich gas _derived froma.

pressurized gas m Xt W L2atile Eghﬁgieagsorptlon colum at its

end and srnultaneoush%ﬁhrntroducrn

second adsorption co seget RBeFRF4PNEoRENRNGEe | RSP RRR tin FkanRle 3
equal4ze the prwe&ﬂa&&wenekbeptl tRht 1BhaNHigREop ladeditition - (2)

i ntroducing: the ressuri z u to2.the fiJ.st qu at its
feed end Lo caudFSSRATR MRSy ERCRIRAaERoY - PrkeAERaGs TR%iEHS depdit
sel ectively &dsorasecarried cug bydbdewedown dueat b nthe sel@n&xeﬁsunﬁizo

ol il aneos!y djssRRiioRE <Rty 98BubkC Bus8Soh ] OBA o SRty Sk { her eof.
‘to-increase the pressure in th |rsi colum; éé st 0 d&%? ,
introduction fcaQHi§dpP@§surF?€dc§S enfipg, ¥ag ghange rﬁfﬁfﬁkﬂﬁnﬁﬁlt:he

25 oxygen- rrchnymbdmelngo&k&mhaugedpéraﬁlbhewasodﬁtéceaﬂ of the first
ccolum to a third adsroll ghen Ailndbak! SnPLOYA! n60be ' SnbSpld4 %4 e

pressures bet ween t he r
" 10 . more than 28%, and the oxygen yleld was remarkably

~— decreased. .
' ' The results obtalned are shown in Table 9.



(4) discharging the oxygen-rich gas from 30 the product end of the first
colum to introduce the gas to the second colum at its product end,* .
.thereby purging the interior of the second columm; (5) evacuating t hé
first colunn at its feed end to..dregpr-essurize it; and 35

(6)" cing an oxygen-rich gas derlved fromthe third colum to ..
. the f|r fcplum at its 1 11111111121111111111111111111 -3 5- product
end whi he first collum is evacuated-at its feed end, to purge the '

interior of the first colum; wherein,
- colum, the above-nentioned process cycle is carried out

during the operation of the first.
in each of 5(*the

second and third adsorptlon col ums -whi | e the phase is being changed. N

A process as clai ned

process as clainmed i
synthetic zeolites 3
1, wherein an oxygen

Table 9

inclaiml, wherein the gas mxture is air. 3. A
nclaimi, whéreih the 10 absorbent is selected from
nd natd@a ~zeolitpes. 4. A process-as clained in claim
-rich o5 havi ng pn oxygen concentrati on of at '
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| east 90%is produced. 15 5. A process as clainmed in claim1, which
further conprises the steps of: after ep (4), further dis- charging the
~oxygen-rich gas fromthe product end 0T3 fie fifst colum to introduce_the
gas to the sgcgpggeol um at its feed end or.product end, thereby e zaL$2|ng
the 20 presstures—bet ween the first and second col ums;: and, after '
~(6), introducing the oxygen-rich gas derived fromthe th|rd col um™ he“

first columiat ins preeésender pf-oduoingndn to@cmnablibn igas piieerseares
-bet ween the ;'rst angd thi colqu fil Eig ess a$ Ia| din
claimg, whe érﬁethi TABP W R ur®? ??Qﬂl’ea?h ﬁ?gce s %la claim

5, er in tsdsebbenbeoapableebﬂcSeHeétbwesgdsompttoneuﬂ|ni$rognhrzneuzﬂ

'zeoI es. 30 r S

~oxygen-rich uas hav afid a é&g Bfgﬁac%ncééﬁégﬁ $§€%£n£h ¥K%%£§é% produced
9. A procetiowed ptgogeshg eox?@éﬂ”tt@ga@%@%@dl% tRRWRS nfhe
_SUbStant'a||Mi8§o§§heb6n@§§ﬁ56bQ§ the gas mixture to be adsorbed on

the adsorbent, thereby removing the nitrogen from the gas
mixture,  comprising carrying out successively the

following steps, in a first adsorption column: '
. 10 ' ’ (1) introducing a pressurized gas mixture
./ to the first adsorption column at its feed end and
' ' simultaneously introducing an oxygen-rich gas derived
from a second adsorption column to the first column at its
produot end, to equalize the pressures between the first

15 and second columns; S :

(2) introduoing ‘the pressurized gas
mixture to ‘the first column at its feed end to cause the
nitrogen oontained in the gas mixture to be seleotively
adsorbed on the adsorbent  contained . therein and

20 simultaneously discharging an oxygen-rioh gas from the
produot end thereof to inorease the pressure in the first
oolumn-

. "(3) stopping the 'introduotion _of the
pressurized gas mixture and introduoing a- part of the
25 oxygen-rioh gas being disoharged from the produot end of
| ‘the first column to a third adsorption' column at its
product end, to equalize the'pressures between the'first
and third columns; | | S _
_ 1) disoharging the oxygen-rioh gas from
30 the product end of the first column to introduce the gas
- to the seoond column at its produot end ~thereby purging
the interior of the seoond column;
| , (5) evacuating the first oolumn at its
feed end to depressurize it; and ' ' _
35 . (6) introducing " an oxygen;rioh' 'gas
' derived from the third oolumn to the first column at its

* c L M S *



- 35 -

‘product end whlle the flrst column is evacuated at its-
feed end, to purge the interior of the flrst column°
'whereln, during the operatxon of the flrst column, the
above-mentloned process cycle is carrled ‘out in each of
5 the second and thlrd adsorptlon columns while the phase".
| is being changed

. et

2. A process as clalmed in claim 1, whereln the
gas mlxture is air. .
3. a process as claimed 1n clalm 1, wherein the

10 absorbent is selected from synthetlc zeolltes and
natural zeolltes. _ S
_ 4. A process as clalmed in clalm 1, whereln ‘an
oxygen—rlch gas havxng an oxygen concentratlon of at
least 90% is produced. _

15 ' 5. A process as ‘claimed in clalm 1, whlch further
comprlses the steps of: after step (4), further dls-_

' charglng the . oxygen—rlch gas from the product end of the
£irst column to introduce the“gas to the second column
~ at its feed end or product end, thereby equalizing the
20 pressures between the first and second columns; and,

' atter step {(6), 1ntroduc1ng the oxygen-rlch gas derived
-from the third column to the first column at its feed
end or product end, to equalize the pressures-between

- the first and third colummns. - ,
25 6. A process. as claimed in claim 5, wherein the
gas mixture is air. o S | o o
‘7. A process as claimed in claim 5, wherein the
absorbent is selected from synthetlc zeolltes and
_ atural zeolites. '

300 8. A process as claimed in clalm 5, whereln an

| oxygen-rlch 'gas hav1ng an oxygen concentratlon of at
least 90% is produced. ' '

- 9. A process for produclng an oxygen-rlch gas
according to Claim 1 substantially as hereln"descrlbed.
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