06360 USA TITLE OF THE | NVENTI ON: STRUCTURED PACKI NG W TH | NCREASED
"CAPACI TY BACKGROUND OF THE | NVENTI ON [ 0001] The present invention rel ates
to. structured packing and to nmethods for installing such packing in an
exchange columm to provide increased capacity. The structured packing has
particul ar application in cryogenic air separation processes, although it
also 5 may be used in other heat and/or mass transfer processemﬁatugﬁn
utilize structured packing. [0002] The term "columm" (or

colum”) as used herein, neans a distillation or fractionation colunn or
zone, to., a colum or zone wherein Liquid, an or phases are counter
currently contacted to effect gé%@f:l WW\?FA&%%Fd mpxture such as by 10
contacting of the vageruaRitiHES PAGKING YR HINGREASED CAPAGITYS or on a
series of wvertically-spaced trays or plates nounted within the col um.

- [0003] The term "colum section"” (or "section") nmeans a zone in a colum

filling the colum di anet egackBRAPRDGF PAEURWENTI@NParti cul ar section or
zone ends at the i quid and vapor distributors respectively. 15 [0004] The

term pacgé TRte %-&kirﬁi,e o YtV oAk fifePhadkirRiaicab Mhanedsior tstalrape,
uration dsed a

and confi S c um internals to provide surface area for the
| i qui d t oseth pagkinghinsm axchanrgasgolymnn tm@ONﬁdad“Q!e%fScﬁaP?ﬁfyer-‘f%c%w&W Pg

count ercugag&.ﬁ%{\ n‘BEul%e"QppP}g%ﬁf‘n]%nc B\rqgm@ra@r% ésla%ﬁﬁﬁ:c@&sébaﬁiﬂhdl@ﬁ ipalgo

"randont ure om ac I ng" nmeans packi %WhEI‘EI n
i ndi v.@uarnamebmsi nuotheohehtaar@/@wasszwﬁ&rrﬁwrsa@s that @t iz SrvdPEd ve to
each. ot he o the columm axis. Random packings are snall, hollow

structureéavvlt | arge surface area per unit volume that are | oaded at

r.andom i ”idbo%;m%\é m, 090Gk é“éﬁéﬁ&h@ee?éoieﬁﬁ*sla@qjseaﬁa@% RAGafis OdslIRiiBhN

i ndi vi dua ers a\/es eC| ntation relative to each ot her andtol
the col unor Eadtonatiyn cndumn@dzpm; Kien @scolisurapr Zongrwherein liquid and vapor phases

_ are counter currently contacted to effect separation of a fluid mixture, such as by. -
10  contacting of the vapor and liquid phases on-packing elements or on a series of

vertica!ly-épaced trays or plates mounted within the column.

[0003] The term “column section” (or “section”) means a zone in a column filling the
column diameter. The top or bottom of a particular section or zone ends at the liquid and

vapor distributors respectively.

15 - [0004] The term "packing” means solid or hollow bodies of predetermined size, shape,
and configuration used as column internals to provide surface area for the liquid to allow
‘mass transfer at the liquid-vapor interface during countercurrent flow of two phases.

(“\ Two broad classes of packings are "random” and "siructured".

‘ [0005] “Random packing" means packing wherein individual members do not have any
20 particular orientation relative to each other or to the column axis. Random packings are
small, hollow struciures with large surface area per unit volume that are loaded at

random into a column.

[0006] "Structured packing” means packing wherein individual members have specific
orientation relative to each other and to the column axis. Structured packings usually are
25 made of thin metal foil, expanded metal or woven wire screen stacked in layers or as

spiral windings.



25 made of thin netal foil, expanded netal or woven wire screen stacked in
| ayers or 8836G@PAal wi ndings. -1 06360 USA [0007] In processes such as
distillation or direct contact cooling, it is advantageous to use
structured packing to pronote heat and mass transfer between
"counter-flowing liquid and vapor streans. Structured packing, when

conpar ed vmth random packi ng or trays, offers the benefits of hlgher

ef fi ci encyl008F] hBLRrogeRFeREEEH RS Q'ﬁ@f@é’l"“\ﬁf fiireqt sppiactgaoliag,itis adyaripgeqys iy o
has nore piaditaichRbe pR&EHP dc}?faﬁ@té Rt aha ek tRAGHer BEtweleAQRBhteFfiyRBgNiquid

separation of air is carried out passing |iquid and vapor in

count er cur #hYaras Atraaps+ Hrustigad aaam,lwheatqoawa&ﬂ Wity ra”ﬂ"()h'b‘?ﬁk NIRIIEEYSE t he

mxture ageRE e Yédchtsadt higher efﬂ%h@ﬁﬁir 'Rgafé?iﬁacfﬁﬁésf Rérisfat vth ibher preesureol atil e
corrponents (e. %@ nitrogen) whil i qui d phase of the m xture descends

with af ev&pPp; %wowfé@ﬁ@éﬁﬁﬁtqf@ﬁn%ﬁthﬁﬂéaﬂ%PW"&| | e conponents

(e.g., ox&g @&Ja Vari ous packings or tray may be used to bring the liquid
and gaseoU8098]laserrogenic separasien pleaif 'ﬁtcé”t?@'rﬁuééy pagsingiqithpnd ¥APArdls transf er

bet ween t he,;RRASRent E%Qﬁ]thrm h%QﬁétlliSﬁHHT&ﬂuMn uwapgﬁ bl ask RB&lveng

consi sts of corru%gted sheets™of netal or fp astic foils (or corrugated
nmesh cl ot lesyerdsawiiean everineraasipg congesiratien pithempre yglaligrompaneatsdefbr s of

aper L ur es AR whie b IE0TEXAY bPrbaAk S pdloMBwih ah BRI ABSHRe heal and

mass trans I Cl en exanple o I'S type of structured packing is
di scl 38ed concentgtiopat theNess vplat%cmapor(em €.9.. oxygen) svarioyspackings 8tays t he

prior art gliale £@’c§t’6 t}rbﬁ %&ﬁ@i& Hﬂ%ggé%eﬁssﬁ:ﬂ%%é’oﬁtggwuﬂuu%fnﬁio%ﬁﬁc't Yo and gives

good mass AN pe orrra I'ng 1's mich nore
expensi ve apnqnplmbxsmamiranafgrmmm@emhnges [0010] It is very desirable to

I ncrease the capacity of structured packing. This enables the use of |ess
st ruct ur e§OQRA ki The rhost cammayily esedsstpctured packingheansistsiofganyoates shests o

carrying %taltct}%la%%g%l@t(brogbrrugated mesh cloths) stacked vertically. These foils may
15  have various formé of apertures and/or surface texture features aimed at improving the
heat and mass transfer efficiency. An example of this type of structured packing is
disclosed in U.S. Pat. No. 4,296,050 (Meier). |t also is well-known in the prior art that
mesh type packing helps spread liquid efficiently and gives good mass transfer
performance, but mesh typé packing is much more expensive than most foil type

20 packing.

[0010] lItis very desirable to increase the capacity of structured packing. This enables
the use of less structured packing for any given separation, thus reducing the cost of

m carrying out the separation.

[0011] Usually the capacity of structured packing is limited by flooding. Mass transfer

25 flooding, which is the premature degradation in mass transfer performance prior to the
onset of hydraufic flooding, occurs when the mass transfer efficiency of the enlumn starts
deteriorating rapidly with the increase of vapor and/or liquid flow in the column. Hydraulic
flooding occurs when the pressure drop across the packing bed starts increasing rapidly
with the increase of vapor and/or liquid flow, '

30 [0012] Itis known from the prior art that the capacity of structured packing can be
increased by modifying the edges of individual packing sheets. Typical modifications
include reduced crimp heights, changed corrugation angle, serrations, etc., which
meodifications are typically made at the bottom of all sheets or at the top and bottom of

-2.



[0011] Usually the capacity of structured packing is limted by flooding.
Mass transbtesso @SAfI ooding, which is the premature degradation in mass
transfer performance prior to the onset of hydraulic flooding, occurs when
the mass transfer efficiency of the colum starts deteriorating rapidly
with the increase of vapor and/or liquid flowin the colum. Hydraulic

fl oodi ng occurs when the pressure drop across the, packin b%cb §t rts
i ncr easi ngaltapatiigysheats; FExamplenefrasigh aasificatigns-arg dic ePi"‘gHr AW’ 30
[0012] It | ki he, By (d dahabililifghasR A el L. Yowier miotiicatiored
packi ng Caﬁ,%gé,@%%’z@ﬁl@gé%rh, gglgl)vggf’feadng tﬁe[ é@es of i ndividual .%zcki ng
sheets. Typickat Swerdipedcatrugationsiondiathiendscef @vely FreehSURR A eSS qi Q‘F&Qd
corrugatio LR i, kish woReeRa 2t AipSichanedifioationslatey
made at thgpﬁl%f‘g?ﬁ%?{ 56@@%@3?@%&35%{"% top and bottom of. -2 06360 %SA
al t er nag i ngagbresisch Ewaypiat sunhg eperationibibpressureMeph hedransitipns i fequeps.
Pat. Nos. 5 632 934 (Bil]indh 1 WarBéy ibEH Wilek pahmat iset
at). O her CRB@ '?f'eg?ipéﬁgedl‘f%ﬁgleagljessﬁgrg)edéeggl;%ugatiOnS on, bot &nds f
every sheetaughiahy, 8sPathiiee. 2102t 103 Gillinghantret @l buBl 882,807 A1dBINMBEARAE! onal
Appl i cation 97/16247. Al s | f1 ' & tife PREEN shewtchrea Way
that durin§o ?S&Q%ﬁfﬁﬁﬁg"i{rcggggg’g g{oéﬁlfﬂ{dt e tnﬁinsitlons g| s reduced.

Oper at i on @hdfiedadritashses Wiereimboth the topsiand bvttoms §f the RACKINGEBISABNch wat er
per foot is itf_a%ght in US. Pat. Nos. 5,921,109 (Billingham etal) and

6, 212, Y7 MFMER| | i ngham et at). These patents cover cases wherein only

the bottons of th ackj ng sheet - I.fal BaSTi idduregt h t he
tops and bEPPt"%Ag?é)QQE'gh%%cRﬁ'q{g?éﬂg@ﬁ%at'gﬁ g%‘?ﬁglﬁg ?ré% [0(|) ngtﬁli thllough
these pri opagkirg, Bdkidesighi enissuffey fompa problermef unooatrplied 7d @RAYRIAAPEd

packi ng, those desjgns still suffer fram d | ed and
r andom gapgetweep pdisrentdpvats Af Surred ps&‘ﬁrﬁﬁﬁéﬁﬁg&q?ﬁg%m%ch gaps are
a result OfyahlRci ARG e s foRtdvestionabsinictured packing Bheeis. 509 uct ur ed

Ki heets. The 15 trolled, b - t
gafe !5 21951 ﬁagﬁquﬁrp@@:{eg@q lgfgﬁgg@ a ceerﬂ |%%Pssareec‘u\éﬁ8 1184 Rgh %r‘fé&ya%ﬁm@ﬁteofdue 0

the individual structured packing elements or sheets within the layers. This can lead to
performance degradation in terms of both mass transfer and pressure drop, especially at

high flow rates.
[0014] ltis desired to have improved structured packing sheets or elements which
20 significantly increase the capacity of structured packing.

[0015] |t is further desired to have a structured packing which enables improved

performance over that of conventional structured packing.
(j [0016] It is still further desired to have a structured packing for use in an exchange
column having increased capacity enabling increased throughput before reaching flood
25  conditions. | '
‘[0017] it is'stiil fdrther desired to ha;re a structured packing that shows h'igh

performance characteristics for cryogenic applications, such as those used in air
separation, and for other heat and/or mass transfer applications.

[0018] Itis still further desired to have a structured packing of the corrugated type
30 which overcomas many of the difficulties and disadvantages of the prior art to provide

better and more advantageous resulits.



the individual structured packing elenents or sheets within the |ayers.
Thi s can | @8¥QWSAperformance degradation in terns of both mass transfer
and pressure drop, especially at high flowrates. [0014] It is desired to
have i nproved structured packing sheets or elenents which 20 significantly
I ncrease the capacity of structured packing. 10015] It is further desired
to have a structured packi ng whi ch enabl es i nproved gerfornance g¥$r t hat

of conventiO8A8] Bis siifurtesr destrd ighavegorrgpess for eYeeenit al §PRABIOYEECPed t o
have a str ﬁ&ﬁ%ﬁf S@treé&l‘édwacféf?{g tHEDrbVidE hiBNE PGy 1B.ah tHER chawdret dtneteaged

~capacity enabling Increase hr oughput béfore reaching flood 25
condi ti onspadk@@17] it is still further desired to have a structured packing

that shows high perfornmance characteristics for cryogenic applicat Llons,
such as t HO820Lisidh stili faither desised tethava 2 Riagessder GyAGENIG AR BeRAAIY WHIEE s

Lranstar _9nB) be 2kt hORLBoLd cdhchf Wi bsihgiogaper od o have a

structure of the corrugate ype I ch overcones many of the

difficulti nd,; dj ' i i ki nd nore
advant aged 22 ol Pleg T Yasag Datla minR s BTl el RSl e o o
have a pr ctestirédpackindigem exchingeseqemamwhinh affardnbetiar ppiomangedhanitheur ed
packi ng t oyl i ghe | i red
packi ng. [}8%’58? #dj‘lﬁ@'cgtl 6er ﬁrt errhérgts?fﬁggtdﬁgé Itg\?e&g dpﬁaggg@tgg%%gpﬁgyogeni c
ai r separ giricoartwh prtvidedbattey abd mose adeantagaousiresudsr eased capacity while
avoiding flooding. [0021] It also is desired to have a nethod of assenbling
and indtalling a section of structured packing in an exchange col um which

Ty of The difhiculties sl ShHARY O T e T o brovi e
better andoe2g]e Euvpnesenfdonentiorisd steuctured packing element and also includes an
assembly of such structured packing elements. Structured packing using the structured
packing element of the present invention may be used in a process for cryogenic air
15 ~ separation, a process for exchanging mass and/or heat between two ﬂui‘ds, and in an
| exchange column for exchanging heat and/or mass between a first phase and a second
phase. The invention also includes a method for assembling a packed section in an
exéhange column, a method for manufacturing a structured packing element, and a
method for increasing capacity in an exchange column for exchanging heat and/or mass

20 between a liquid and a vapor.

[0023] - In one embodiment, the structured packing element has at least one edge
adapted to intermesh with an edge of at least one other structured packing element. in a
' (3 variation of that embodiment, at least a portion of the at least one edge has a textured
surface. In another variation, at least a portion of the structured packing element has a
25 plurality of corrugations forming alternating peaks and troughs across at least a portion

of the structured packing element.

[0024] in another embodiment, a structured packing element includes a means for
intermeshing at least one edge of the structured packing element with an adj_aceni edge
of another structured packing elsment. There are several variations of this embodiment.
30 In one variation, the means for intermeshing comprises at ieast one serration in the at
" least one edge. In a variant of that variation, the at Ie_ast one serration is blunt. In
another variant, the at least one serration is wavy. In yet another variation of this
embodiment, the means for intermeshing comprises at least one siot in the at least one
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10 BRI EF SUMVARY OF THE | NVENTI ON [ 0022] The present invention is a

struct uredopzekUBgd el enent and al so i ncludes an assenbly of such

- structured packing elenents. Structured packing using the structured
packi ng el ement of the present invention may be used in a process for
cryogenic air 15 separation, a process for exchangi ng mass and/ or heat
between two fluids, and in an exchange colum for exchanging heat and/or
mass bet weedige lrnuar\setnaphefstbrsaﬁda@prs@womaanq)has'éermﬁsblngriw@wmmpaﬁg%ai lgasludes

a nmethod f l. packed section in an exchange colum, a nethod
for nanufa§§u$§%§Q§ @pﬂﬁﬁ?ured packi ng el enment, and a nethod for

i ncr easi ng[o‘bﬁ?fc%éth Boﬁﬁﬁgﬁmﬁsg%r@h £9h 2463 gﬂf@ﬂu&ﬁ%{? str mass

20 bet ween a va one enbo i ment ctured
packi ng eIdemntmaematismgaaSIEaﬁrtwo@ﬂg@ure@ida@k@d elaments,craeh oh the struciiteddge of

at lea ;qgg] #_ﬁgﬂ g%%
enbodi ;erst\ent'?a%kﬁ1 ‘%heg t%lﬁ%gﬁ f‘agheggfgr#%gdgg as toarﬂtgﬁ‘g ge lgéh ga gé?ﬂ
surface. lof mmﬁ‘tdne;truwtarada:aomng sgmérdast a portion of the structured packing

el ement has a 25 plurality of corrugations form ng alternating peaks and
troughs adi0028] a¥ei amitier @nmimdirnent is arf asseenkiy olsitustused paciinglemiestrent .

0024] In ot ' S a neans
For 2T o o GRERRl S0P HLIFIEr pRGAS MEIAF R ) Nobdt BB R saclE & Ve
an adj acerstruetiged padkmgweibdment Isdvingca lowed egge kdjagend temepper etigeobtherfisslsever al
ari atji.ons_ of this Iy
Yntlarr?\lgshlsﬁé’ EJ(S?TCIE)P?&@ ej?mFEQE?g*bﬂ saécg@yvg{ %ﬁ%&%jg&??eiﬁﬁeas egne edge. In
a vari ant joferrhbstt witlaeaeti other oftthe lowterlaad sippenadgesr ration is blunt. In
-anhot her variant, the at |east one serration is wavy. |In yet another

vari at i on [0f273hi Still yetranstheeembodinennhefahe ifventiomit erpaekéd secticaripanses at
"l east one sl

var at  on SR RRnIRelRR Gromm RGP RS SurUes s Riog sBpPrifiB gttt O TN S

structured packing element having an upper edge adapted to intermesh with a generally
15  vertically adjacent lower edge of a second structured packing element; and a second
layer of structured packing located above the first layer of structured packing, the second
layer comprising the second structured packing element having the lower edge adapted
to intermesh with the generélly vertically lower edge of the first structured packing
element. In a variation of this embodiment, the upper edge of the first structured packing

20 element intermeshes with the lower edge of the second structured packing element.

[0028] Another aspect of the invention is an exchange column for exchanging heat
and/or mass between a first phase and a second phase. The exchange column has at

(m] least one structured packing comprfsing at least one structured packing element having
at least one edge adapted to intermesh with an edge of at least one other structured

25 packlng element.

[0029] Yet ancther aspect Gf the invention is a process for cryogenic air separation

comprising contacting vapor and liquid counter-currently in at least one distillation

column containing at least one mass transfer zone wherein liquid-vapor contact is

estabiished by at least one structured packing comprising at least one structured packing
30 element having at least one edge adapted to intermesh with an edge of at least one

other structured packing element.



one serration in the slot. [0025] Another enbodi nent of the invention is an
assenbl y of068€¢ USAur ed packing. elenents, conprising at |east two

- structured packing el enments, each of the structured 5 packing el enments
having at | east one edge adapted to intermesh with an adj acent edge of
anot her structured packing el enent. [0026] Yet anot her enbodi nent is an
assenbly of structured packing el enents, risi ngfa fi rst structurg%r

packi ng el E3A381 %&Vﬁ@'@ﬁh%ﬁﬁé?méﬁg@ 'ﬁY‘Ri"'"S"é% srrFessfar §2ERANANGLTRRT AY

el ement haﬁé&%e‘?\uéw cHbRFR Yontdteing BRAMURMIBR: Mast ke Bkdhaihgé@olumn
structured gackl n enent,
W

each of said [ower and u es bei n
adapt ed t owhereirefivig-dHidqontack iscastalinesd by atiastopRsirug geﬂ[ﬁﬁfg‘ &[ 0027]
Still yet paefdhiey stFUERRQa Fsa&ng)&emﬁ% héltwr?gﬁéﬂ I@?bt'oﬁe%d@é%@@ﬁte&@@tm&mesh viith

exchange col um, npris

firs ayer of structured rg)rlsmg
a firsts sam &dgejﬂw |®%ﬁ3P@ﬂﬁ@t"&ﬂféwfﬁtlrﬁﬁ’aﬁﬁch'ggﬁ?%ﬁell“ @d@%atE’d“é%t“@g
| ntermesh yetd &fﬂﬁf‘ Lﬁltérycu?r%ni{ fnﬁh&@kéﬁén@@lcﬁﬁuﬁm | ower edge of a second

structured pac I'ng efgeman a second "l ayer of structured packing

| ocated abpyggsf henl| (yéhltlér?éﬂ@él d%&%%étHB@%r%g&hﬂlﬂw 4 pacieaceefion. inaater

conprisingt e secon ruct ure packi ng el ement having the | ower ﬁ]‘?
adapt ed tathange n@ghﬂnvam mﬁéogmﬁﬁ&d&ﬂﬂ}uiw stepal The figheterdageovide thee fir st
structured 0 gHosst@ﬂtgqgl,ﬁmgt th&e upper
edge of the&?' g%]gmﬁr uc gda ‘?%d'aﬁ% I?Tgrgrgttr:lt I nter mas'hes l\‘l.‘\llth t he | ower
edge Of0 th@(c@eogmdoismmf!ra?Iemermi§t{u¢igre§llF@%ﬁﬂ compggipga Tpltmeiured paetng

t he invent I 5% yRiclly B8 t

bet ween a é‘glﬁgb%%ﬂgﬁ ggﬁgﬁehgég%%ﬂg@%an e %”o | um %15 %?enl east
one}struct Iuwedecﬂgaa:dxﬁ engecmndptruswrﬁgi macklngaaéﬂm@ﬂe Toethird stee if wdexahi Beenent

having at Swﬁﬂecﬁrstal& érQﬂSt one
ot her str u%’fcﬁsgéie g@ﬁwgdﬁ%eeﬁgﬂcg?a& po?ﬁn{c%%%??@hd‘ﬂg%%’tg réb aspect of y
i nventi on steuckurpd paeidng, ftivs smoy\dgmrcompnsneepimmmoﬁ stru@br;ﬂdi moh@gcﬁiwna@& i ng
vapor nd | i ount er - cu ntI I 0
cont ai'i ng"@ qtg'ﬁi?w%fn gﬁféjr?p eldaﬁir}tér?ne%b ﬁ]\?\}/ﬁ% gﬁ%aﬁ( 3%’1“134' eg on %%P i s
edge of the first structured packing element. The fourth step is to move the fxrst layer
and the second layer toward each other along the longitudinal axis, each of the first and
second layers having a longitudinal axis substantially parallel to the longitudinal axis of
the exchange column, whereby the upper edge of the first structured packing element
20 intermeshes with the lower edge of the second structured packing element.

[0032] The invention also includes a method for manufacturing a structured packing
element. This method includes multiple steps. The first step is to provide a plate having
‘at least one edge. The second step is to form in the plate a means for intermeshing the
m " at least one edge of the structured packing element with an adjacent edge of another
25  structured pabking element. The third step is to form corrugations in the plate, the
corrugations being generally regularly spaced and in substantially parallel relation.

[0033] The invention also includes a method for increasing capacity in an exchange
column for exchanging heat and/or mass between a liQUid and a vapor, the exchange
column adapted to contain a first structured packing element having an upper edge and
30 a second structured packing element having a lower edge adjacent the upper edge of
the first structured packing element. This method includes multiple steps. The first step
is 1o modify the upper edge and the lower edge whereby the upper edge and the lower

edge are adapted to intermesh with each other. The second step is to intermesh the
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established by at |east one structured packing conprising at |east one

struct ured® 'ﬁ@ 30 el enent having at |east one edge adapted to internesh
~with an edge of at |east one other structured packing elenment. -5 06360
USA [0030] Still yet another aspect of the invention is a process for

exchangi ng mass and/or heat between two fluids conprising contacting said

fluid in at | east one exchan colum  wherein flujd-fluid nt act i

bst abl | oo eatPpURdse el A aee Peciira g emedt Wil 1t Moded Bijes 3o
st r uct ur edofRRE kbdtthdadtRRRIMEd PadkintPeléheheast one edge adapted to internesh
with 5 an edge of at |east one other structured packing elenent. In a

variation of this process, the fluids flow counter-currently in the
exchange colum. [0031] The invention also includes a nethod for assenbling

~a packed section BRIERDESCHIRTIEN OF SEVERADS/IBWSOR THE DRAINGS ti pl e
steps. The first step to provide the exchange columm having a | ongitudi nal

axi s. Fhe [pesgndrisd mPehtontwill b Hedtribedbytvitd df@xamphanigeretelensatothbi rst | ayer
of structured packi ng conpri si Hg a first structured packing elenent having
an upper c¥§eMAARMPSHraNINgHIIWREEh with a general |y vertically adj acent.

| ower edge of a second. structured packing e|lenent. The third step is.to
i nstal l igr{o?:ﬁa Figgahig e %qemcgragmwggqr%}ygrsegﬁraé[ayg@t rSHHCtHE?éﬁ?E}F%'”g

| ocat ed abﬁgﬁe;(mﬁgieroﬂurh,@}yer of structured packing, the second |ayer
conprising the second structured packing el enment 15 having the | ower edge

adapt ed t qoo3B]EIFIRHE s alschBmalie BREAIM MudttstingGtital neidhlaparhtsiRp@een edge of
the first structured packing elenent. The fourth step is to nove the first

| ayer 10an@djacenidayn®! shyerredarakingeach ot her al ong the |ongitudinal axis,
each of the first and A second | ayers having a | ongitudin axi s
Catlpﬂ%oé g

subst ant i 4P9871pdrigure S is pechpmalicHigotamyilikstratipgiraods R ReffQiim,

wher eby t @gbPBrsheREOSK ffckingickbrdig t8 tHeisrebéMGnwnilh, MBeeby BBiMing 8§acent
i ntermeshes™with the | ower édge of 'the second structured packing el enent.

[0032] Théaversritiushired Backingiojaesmeshiet hod for manufacturing a structured

packing elenment. This nethod includes nultiple steps, The first step is to
provi de alQfA38 e Figire 4gs a schematic diagram iflustrating one embodiment of the present

15  invention using slots at the bottom and top edges of intermeshing sheets of packing;

[0039] Figures S5A and 5B are a schematic diagrams illustrating an embodiment of the
present invention wherein serrations are cut at opposite edges (e.g., top and bottom) of a
flat packing sheet shown in Figure 5A before it is corrugated as shown in Figure 5B;

[0040] Figure 6A ahd 6B are schematic diagrams illustrating another embodiment of
20 - the present invention wherein blunt serrations are cut at both the top and bottorn edges
() of a flat packing sheet shown in Figure 6A before it is corrugated as shown in Figure 6B;

[0041] Figures 7A and 7B are schematic diagrams illustrating another embodiment of
the present invention wherein smooth waves are cut at the bottom and top edges of a flat
packing sheet shown in Figure 7A before it is corrugated as shown in Figure 7B8;

25 [0042] Figures 8A/8B and 9A/9B are schematic diagrams illustrating additional
embodiments of the present invention wherein large slots with smaller serrations inside
the slots are cut at the top and bottom edges of a flat packing sheet as shown in Figure
8A or 9A before it is corrugated as shown in Figure 8B or 9B;

[0043] Figures 10A and 10B are schematic diagrams illustrating another embodiment
30 of a packing sheet according to the present invention wherein vertical texture is applied



flat | east one edge. The second step is to formin the plate a neans for
i nt er meshi BERE&NSAt | east one edge of the structured packing el enent wth
an adj acent edge of another 25 structured packing elenent. The third step
is to formcorrugations in the plate, the corrugations being generally
regularly spaced and in substantially parallel relation. [0033] The

I nvention also includes a nmethod for increasin apacity in.an a

col unm f or ORiherERYIRR Ll ans toropdaes ££ 2 it E\%‘%ﬁ‘f%as eleh%fcty%h'ﬂgz '%regﬁg&?e@%ﬁe
exchange @l Wimgafaisetolp i Fiund fomy first structured packing el ement
havi ng an upper édge and 30 a second structured packing el enent having a

| ower edg%}oﬁdh]aCPi%hré i‘ﬁis‘b‘?@fﬂ ill8&tERING the pétforfriahsd ofthe selicturd rkingnd the
el ement . i's method incl'udes nultiple steps. The first step .is to m)éilfy
the upper RI@gentamkentiein exmerarisap i thiksedaymance of sarmerdgly aEHlabIR SUE T

edge are 8;9%%%% faﬁ&ﬁﬂtdﬁ%dﬁeﬁfboﬁ%g iPtdM of RBEnAIE6PBE/Ieegus S t O
I ntermesh the -6 06360 USA nodified upper edge of the first structured

packi ng elrsremalized yapor Neloaiboitv:&dd| ower edge of the second structured
packi ng el enent. BRI EF DESCRI PTI ON OF SEVERAL VI EW5s OF ' THE DRAW%IGS ﬁ
[0034] Thd0P#RlenEinwie 12 slanptheggesphiiistiating hepesomasnged! Septiyrtyer SAENES to
t he accpﬁwp%eﬂﬁﬂwﬁaﬁt b soH to tHbeHorfbAsY & cbrinferdiafif Bedmablec
diagramillustrating severarr ayers of structured packing in an_tgz%(change

col unm; [ Gomelured pagkingwitts and wit qctifieg kejtoma in termstaf APIMRJizeq he
| sal i iaf g; [ 0037
m sal LgNMent 8 ?{t}%g ﬂqeoq’%tcggirlg%ﬁ?lﬁTﬁVQtrsﬁs AbrrsdlizHg VbR YeRRRK *K\Q [ ]

Figure 3 is a schenatic trating nodifications of the top and

bottom edges of sheets of packing according to the present invention,

t hereby causing adjacent |ayers of structured packing to internesh; [0038]
Figure 4 is a schemati c DEGALEMDEICRIFTIENGF dh 'ENEB&F%M of the present

151 nvent 15padis! Aghithts hadl oGl HRAFbFRbRFachéliiPlagérs oFsugmRA NG sheet s
' packing to intermesh, they can delay the onset of mass transfer flooding as well as
15  reduce the pressure drop of the structured packing, thereby increasing the capacity of
the structured packing. This occurs because of an improvement in the drainage of liquid .
between the layers and a decrease in the entrainment of liduid droplets into the packing

channels.

[0047] Figures 1 and 2 ilustrate multiple léyers (2,2,27) of structured packing
20 arranged as the layers might be in an exchange column (not shown). When individual .
sheets 4 of structured packing are assembled into layers of packing, the sheets usually
are slightly misaligned in the vertical direction due to impertectibns in the manufacturing
(\ prbcess. This is shown in the schematic diagram of Figure 2 in which the misalignments
are exaggerated for the purpose of illustration. Such misalignment causes gaps (6, 67)
25 to appear between adjacent layers of packing in an uncontrolled and random fashion
‘within an exchange column, such as a distillation column. Such a phenomenon can lead -
to local variations in the vapor and liquid flow rates, resutting in deterioration in the mass

transfer performance, especially at high flow rates.

[0048] Experiments have shown that flooding characteristics of structured packing
30 depend significantly on the presence or absence of these gaps. In principle, itis

possible to delay the onset of flooding by carefully aligning individual sheets in each

layer, thereby eliminating uncontrolied gaps. But it would be impossible to align




[ 0039] Figures 5A and 5B are a schematic diagrans illustrating an

enbodi mentO&SBOtUERA present invention wherein serrations are cut at opposite
edges (e.g., top and bottom of a flat packing sheet shown in Figure 5A
before it is corrugated as shown in Figure 513; [0040] Figure 6A and 6B
are schematic diagramnms illustrating another enbodi mrent of 20 the present

i nvention wherein blunt serrations are cut at both the top . and bqttom edges
of a flat indiddualghesiese rseeisely PWing Hemeanyfagyue s large dipmeteyindiftialy as shown
in Figure 8Bmnd 0041] Figures 7A and 7B are schematic diagranms illustrating
anot her enbodi nent of the present invention wherein snooth waves are cut

at the bo anyghet t BEwabs fe sHeaWofi tvoRidiuent 7A
before itt[?gﬁéorﬁml? a?gﬁﬁgg%gﬁ%maﬁﬁﬁeﬁf\gé%gﬁw% [09042%%53SH u?es 8A/ 8B and

OA/ 9B ar e laysremare tiiatey rAnhawn dtigwe da hisigdope Sy amodrigng 1P 5f9f%e
Preseng | RVAR{he %oﬁ%\ﬁ{%g@s har@8acH St Wid Eu&}@bvbffha‘i QoURL d0R8 tivh Sdpeent he

slots are cut at t and bottom edges of a flat packing sheet as shown
in Fi gur elaygss (org.0R ansfar er 2tand2 oef Paéﬁﬁ!%@ interraesiunt His IRIGYESLCYBAG: 913;

[ 0043] Fi \ | Idd nid atai anot her
enbodi mnguh%nﬁﬁéga%ggﬂtﬁ%égﬁg@f&&i@?&p@pﬁ%ﬁ?@%@g %rgﬁent imr‘ﬁgnt I on

wher ei n vedeticaags entreinmenticf ligugdreplets ivapes sbanisis, Ad trepeaplay®Magst t om

and top e f]at packing sheet shown in Figure 10A before it is
cor rugat eggggegﬂ%o\?\dﬁgq'n Figure 1 OB; [0044] Figure 11 is graph illustrating

the pegT OfgEads e 19bnd BB Uf (d iRREHONAIRL 12 B mBUESEINe BoRYRTGARMA N
conpari so o"the performance of commercially available structured 5

packi ng . wanti temetigs & bioaechrabeit 4 etipaniingoas shawn ierfrigurerd. dsyeeR argdaerip/ f «

ver sus nor.pal ized.vapar. vel aci ; ,ﬁmh L BB b ananidier
graph ill ﬁ%@?n'& %ﬁe{ ap‘é% @%%%Cégﬁ}%p? & %@%ﬁﬁﬁ@%%?ﬁ%&b%&a the .
present i mtefdck@nintermeshypeth orenartathdérhe per f or mance of commercial ly

avai l abl e structured packing with and without nodified bottonms in terns of

nor mal i ze[DASE] gln addihermrambadiment shioeman FigsveshA eat 5BI saratiopETRRre Ekkals

.nor ma“ zegoma*gg Ecapvee ' g%c. £u¥d gh}évt’)dttom edge 10 of individual flat packing sheets 4, such as
shown in Figure S5A. As an option, apertures 15 may be punched in the flat packing
sheet. The serrated packing sheets are then corrugated as showr} in Figure 5B and
assembled in layers of packing, and the layers are stacked on top of each other without
any special alignment to improve intermeshing. The assembled layers of packing

20 naturally intermesh because of the serrétions at both the top and bottom edges of

adjacent Iéyers. The intermeshing is not as noticeable as in the case of slots (Figure 4),
but is enough to improve physical contact and liquid drainage during operation so as to

Yy significantly delay the onset of mass transfer flooding and reduce pressure drop.

[0052] As shown in Figures 6A and 6B, in another embodiment the serrations 14 are

25 cut blunt at both the top edge 8 and the bottom edge 10 of the packing sheet 4. In
another embodiment shown in Figures 7A and 7B, smooth waves 16 are formed at the
bottom edge 8 and the top edge 10 of the packing sheet 4. In the embodiments shown
in Figures 8A and 8B and in Figures 9A and 9B, large slots 5 with smaller serrations 147
inside the slots are used.

30 [0053] Asshown in Figures 10A and 10B, one variation which can be'appliefj to any of
the embodiments is to introduce surface texture 18 on the bottom edge 10 and/or the top

edge 8 of the packing sheet 4. Preferably, the areas of the edges with surface texture
occupy the modified area of the packing sheet plus about 30% above and below the
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0046] Applicants have di scovered
that by naki63§0&8Acent |ayers of structured packing to internesh, they
can del ay the onset of nmss transfer flooding as well as 15 reduce the
pressure drop of the structured packing, thereby increasing the capacity of
t he structured packing. This occurs because of an inprovenent in the

drai nage o uid between the |layers and a decrease_ in the entral nment of

f
liquid dr 0;5“%"(' &q 38 of Ki¢ Reskicp sgeete muiges extyrgdmpioves Yk igidity offbe 2
i |1 ustrat e mBdifidaRbes @Y Siotdtes mare stabig IOk fRW frsrh theBdqracdf itp 2dkirR] siged as

the | ayers m ght be in an exchange col um (not shown). When |nd| vi dual

sheets 4 ofocgsa ucnh@rs%ﬁamcgkpaeomsaeuca%wm&t@@dlpabmn éﬁ@rﬁ&. erPRGEIMdef t he
sheet s usuaIIXt are s m. sal i he veriical direction due to

i nper f ect i HRY ?ﬂl{"f?ée’ﬁé?néfﬂé%qrﬁ?qaﬂ@'a? (Hddds Thetieran | "&E—E%dﬂf?laﬂsﬁh?ﬁé‘gﬁﬁ%rrat ic

di agr ang of pEkighy vet W%W@b%ﬁbﬁﬁo%ﬁﬁbb%‘m&% m@h @@@%w gfpkor the
pur pose of |IIustrat|on Such m sal i gnnent causes (6, 6") 25 to appear

bet ween adP%B?ﬁ‘t'qrh?me@Fhﬁa@%Phgthﬁpr@mabh'élﬂlt-ﬁlﬁ *ﬁé”ﬁ ‘@ﬁﬁ'ﬂ“éﬁd’dﬁiﬁf@?ﬁﬂ%n
within an %sn@egﬁoe&stﬁmweém&&%nauga.atsubﬂx &% é&&tm pSUSHY iRyurenomenon

can lead to local variations in apor_and -liquid Iowrates resul ting
i n det eri oftsgaremaiern eRpilipmiys. Thﬁéﬁ@flgrthQMET&W'C@%fﬂ@@k@me 2EPIGTh 1 ow -

rates. [00 e
structur edéég;e?éﬁﬂr?gme%[a% sﬂﬁgﬁg\?ﬁ cia‘?lé ﬁa@/‘g%ﬁ e pr eggﬁ&c’ggr %@Hg%g“e%ge of
t hese Yhpsdeareagesivwity e dl TFE is possible to delay the onset of flooding by

carefully aligning individual sheets in each |ayer, thereby elimnating
uncont rol I@nghpgwo Rtheriparametets nrstainmiogesiom arceArE yapoRvaidits (Kioad

i ndj vi dual 4 duhe r

i ndustri al ﬁ/@ﬁﬂjh?cfﬁ@ ﬁ%g?_ﬁ#&wﬁggg%t %/lera\at:ltlf% maﬁ%ghth hggggcﬁ?%siét&i%gt ween
t he sheet sVaporwvalociii(tatisrefingdpefallowsre intimate. As shown in Figure 3,

this is done by nDdlfylng both the top edges
= Uv o/ (pr- piT™

15 Where U\, = superficial velocity of the vapor phase in the packed
~ section
Pv = density of the vapor phase

"

P density of the liquid phase.

20 [0056] Figures 11 and 12 compare the performance of the structured packing of the
present invention to thé performance of commercially available structured packing with
and without modified bottoms. Figure 11 is a graph of pressure drop data, which is

| (-\) shown in terms of normalized dP/t versus normalized vapor velocity (K,). Figure 12
plots mass transfer data, which is shown in terms of normalized HETP versus normalized
25  vapor velocity (K,).

-[0057] Figures 1-1 and 12 show th'e'results of distillation experiments using Ar/O, binary
at L/V=1 conditions, where L/V is the liquid to vapor ratio. Pressure drop of both the
packing with modifications at the bottom of packing sheets and the intermeshing packing
are lower than non-modified packing of the same base geometry. The mass transfer

30 perormance of intermeshing packing is clearly superior to both non-modified packing
and packing modified at the bottom only. The packing with modifications at the bottom
shows about a 10% delay in mass transfer flooding compared with non-moedified

-10-



5 8 and the bottom edges 10 of each sheet 4 in such a way that would cause
two adj aceb$360ay8As (e.g., 2 and 2'; or- 2" and 2") of packing to internesh
This i nproves contact between the adjacent |ayers of packing, which in
turn inproves liquid drainage, decreases entrainment of liquid droplets in
vapor - channel s, and thereby delays mass transfer flooding. 10 [0050] In
one enbodi nent of the invention, slots 12 are de at the bottom edge f

and top edeRckigePuHhe Ragkaawith 'Qﬂ'eﬂﬁémtﬁ'ﬁnes&? en lRyess 8’34{'0 T e?s are
then asseﬂﬁk@ﬂahé}eﬁﬂb‘o@.r@ M étb@ﬂedtré‘rfgecd?%ﬁérﬁml ng sheets in the layers

above and below interloCk or intermesh with-one another. [0051] In another

enbodi ment Uﬁbg}mAFtﬁbL@hQIHfsﬂ'ﬁteﬁ%r@%s@ﬁ)eoﬂﬁré|ﬁtvlnmn*§felé1n0%f to o@tthmc'ﬁpecﬂIB bot h
the top edge

he bottom edge 10 of individ | at packi heets 4,
such as s¢mbedimgnts; therrsespmt ‘W@“&t’\" igpevyihelegsdat Lﬂt%’ﬁei’ °P§3 93% ed in
the flat pc?éigds”%ouﬁuhQ%therTbéno'it%rrﬁ@dl%ﬂ@z%:Jﬁ'a?%eﬁ\ﬂﬂiﬁ tiod Qett\h@mtlﬁlﬁltﬂieugat ed as
shown in Figure 5B and assenbled in |ayers of packing, he k@%ﬁ S are

st acked orscopp agf rargerofeanivelents ¢idhe claims angwithout dgpa ﬁ & sp
|ntermsshlﬁgan ntibhe assenbl ed | ayers of packing 20 naturally |nternesh
because of e serrations at both the top and bottom edges of adj acent

| ayers. The internmeshing is not as noticeable as in the case of slots
(Figure 4), but is enough to inprove physical contact and |iquid drai nage
during operation so as to significantly delay the onset of nass transfer
fl oodi ng and reduce pressure drop. [0052] As shown in Figures 6A and 613,

i N angbhermn\etdnediossediasdobBemBApphtsdsddc are 25 cut blunt at both the top
edge 8 and the bottom edge 10 of the packing sheet 4. In another

enbedi mrent shown in Figures 7A and 76, snooth waves 16 are forned at the
bottom edge 8 and the top edge 10 of the packing sheet 4. In the

enbodi nents shown in Figures BA and 8B and in Figures 9A and 9B, |arge
slots 5 with snaller serrations 14' inside the slots are used. 30 [0053]
As shown in Figures 10A and 10B, one variation which can be applied to any
of the enmbodinents is to introduce surface texture 18 on the bottom edge
10 and/or the top
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edge 8 of the packing sheet 4. Preferably, the areas of the edges with
surface texture occupy the nodified area of the packing sheet plus about
30% above and bel ow the -9 06360 USA nodified area of the packing sheet.
Surface texture inproves the rigidity of the nodifications and pronotes
nore stable fluid flow fromthe edges of the packing sheets. [0054] The
separation performance of structured jing often is given in terns of

hei ght equivalent to a theoreti cal pP ETP). The term "HETP" neans the
hei ght of 5 packi ng RV&smiatedNsttuckaeR OpackingNelehRA0 Ratiig AN icane Bnavedgd | S
equivalent to the conposition change achi eéved by a theoretical plate. The
t erm "t heoadapted b intbrmash withhas edge eloattlaast ope othss sotregaied siruchysd Paslng i qui d

such that the existing vapar, and |igui Str .are | i1 kbrl The
el 1 ert HESRER Bl AR o Sirrisa e e i R o e B bR or 12
nore ef fi ciophibatidif MBAfkNMtchREAN pealishadifiught agbsadkiseg poetistgofidtilbaszed 10
decreases with the HETP. [0055] Two ot her paraneters pertaining to

per f or manceegnefaceefche genregated sturturedipagkingmigpentyhi ch is the pressure drop
that occurs per foot of packing in the vertical direction. Vapor velocity
(K') is defined as follows: K' = U, [P, / (Pi - Pv)]os 15 Were UV =
superficial velncityAoforiugated aqinictupdh packing telemepaaked clsiactli ovhergh the
density of the vapor phase p, = density of the |iquid phase. 20 056]

Fi gures 11PlarsdtyL of carrpeations ipf %&F%r%nwmghﬁr@ﬂr%tpﬁa@ﬂgﬁ W‘%’%gﬂ%f t he
present i j ?5@% o 2alfd blatdiRhipabl e structured
packi ng vmnst\ﬁﬁg&gﬁdglfvaggﬂ%g 9%5‘? e C'q‘;sottom;. igure 11 is ig graph of
pressure drop data, which is shown in terns of nornalized dP/ft versus

o T2 VDO Ve R0 e A e R T B B a1

a portion of the at least one edge has a textured surface.

4, A corrugated structured packing element including a means for
intermeshing at least one edge of the corrugated structured packing element with an

adjacent edge of another corrugated structured packing element.

5. A corrugated structured packing element as in claim 4, wherein the

means for intermeshing comprises at least one serration in the at least one edge.

6. A corrugated structured packing element as in claim 5, wherein the at

least one serration is blunt.

7. A corrugated structured packing element as in claim 5, wherein the at

least one serration is wavy.

8. A corrugated structured packing element as in claim 4, wherein the

-12-



25 vapor velocity (K'). [0057] Figures 11 and 12 show the results of
distillation experinents using Ar/Q2 binary at W1 conditions, where Wis
the liquid to vapor ratio. Pressure drop of both the packing with

nodi fications at the bottom of packing sheets and the internmeshing packing
are |l ower than non-nodified packing of the sane base geonetry. The nass

transfer 30 perfarpmance.of interneshin cki LS clearly superior to both
non- nodi fi%ﬁd%ﬁﬁ?:‘k‘f‘?&“e fﬂ’(‘,l?{ilsﬁﬁaﬁﬁ%ﬁtgf‘gglog?ﬂﬁﬁgﬁﬁ%stttog?neo%ﬁ'y. The packi ng
wi th nodifications at the bottom shows about a 10% delay in nass transfer
fl oodi ng conpared with non-nodified -10 06360 USA packing; but the packing

wi th increased 9-nt erdvecomugated ctnered pyaking slesieat 85 18 GaiEn & Whesdds the ansf er
flooding ipn_ t st ydi -E?Hgi I Q0R8) i : ol it T at ed
and descriI{")%aclilg%%rrﬁe’ﬁ%'ln\%l&%l re 3?%0#0%%%51@3?%?#spe@#ﬁﬂer%%d? ment's, the
present invention is nevertheless not intended to be [imted to the 5
details shown. Rather, various nodi fi%ﬁti ons de in the .details

\c/iVi thin the scopd-andip éﬁij’@b@f Ogﬁﬁﬁf‘_&%t §t§1cg+re@ ﬁé"lgl?%le Qe COMPHEDE at
N+ ocnon GBS G0 oBaBY besalti Rissk R BRadoghlured packing slementspeach

cor r ugat echastnguatt leastdonza edgen adapteiranintérmeshgvith ah emigacennedged g thalatheed to
intermesh with an edge of at .least one other carr ted structure cki ng
el ement vﬂ?@?‘g?tﬁge%%“’ﬁ? tpﬁ%k‘ﬁ%_r T ’Eer“_bccta\%F gggﬁﬁcﬁwaéﬁe#gﬁgggﬁas a
plurality fbkingUdnaad ha%rhsgmfuliw 8fccthigaiifR foRdingadeaaing peileuglastraighoss at
| east a portion of at |eas one surface of the corrugated structured

packi ng elasnsatat st A pootiorughateltasitangcsunfaeel op shsk corgugafeshetmctured packingii m 1,

wherein t hef
element.
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plurality of corrugations of at |east one corrugated structured packing

el ement are substantially regularly spaced and in a substantially parall el
rel ationship. 3. A corrugated structured packing elenment as in claim1,
wherein at least a portion of the at |east one edge has a textured
surface. 4. A corrugated structured packing el enent including a nmeans for

I ntermeshing at | east one edge of the corrugated structured packing el enent
with an adjacent edge of another corrugated structured packing el ement. 5.
A corrugated styjuct uKgthsRaHI, vg cBhapRBEd sRsctifdd Packifpblembrts, adompristng areans
for intermeshing conprises at |east one serration in the at |east one edge.
6. A corr ufiest @dnugatgtptsumemrqﬁa@mlﬂ@g sllanayt having ancypier ssigevid @i #CPRE at

| east one serrati,on i.s_hlunf. 7 - t ' nt as

el ar m ssorongalet Sl e hbking ploritsf BV B Ben bl Bht e pblickag Pl

st ruct ur eGhp Rk Afnghrdestiucased padking Blethentjtvacieiof shidelowed Andspper édges

I ntermeshi ng conprises at |east one slot .in the at |east, K one g%gl% 95 Af
ns for

cor r ugat edbeing adaptadde inaameshgvith each ethes of the lewsr sRAUPRRR RS Y
i nt er meshi i QR i BasSER AP Bf icBrrhffliodl fb@dsg one
sl ot . 10.&%#%%}51’2%5?@ 0 t%%??’&g%‘%‘%%@"?ﬁggt uSr eg pac ing elgelﬁrrlents, :
conpr i si ngalatnatiaggiecaksvandyeoeglal dorosseattleashlal portioh af ahdeagbonegerfang aftthact ur ed
packi ng el enents, each ha\éligng @t | east one edge adapted to internesh with
an adj acerforpggted sirugthisdpapkipg eegiiligat ed structured packing el ement,
wherein each of the corrugated structured packing elenments has a plurality
of corrugations form ng alternating peaks and troughs across at |east a
portion of at |East Ampeckaddeatien ivfantdxehangecolymme dhespacked spctian predwding
glorerpmralntSI né&lﬁ%ﬁ y1 of A\‘r%rt?csaﬁ?n&)djyceg; la%r%tsrg %E)rencliga%cf 'ﬂﬁ'ltl&[u%q Bf&lﬁ'{g?%agﬂ qES?el?t S
having a top and a bottom, the packed section comprising:

a first layer of corrugated structured packing comprising a first corrugated
structured packing element having an upper edge adapted to intermesh with an adjacent
lower edge of a second corrugated structured packing element; and a second layer of
corrugated structured packing located above and vertically adjacent the first layer of
corrugated structured packing, the second layer comprising the second corrugated
structured packing element having the lower edge adapted to intermesh with the
adjacent upper edge of the first corrugated structured packing element,

wherein each of the corrugated structured packing elements has a plurality of
corrugations forming alternating peaks and troughs across at least a portion of at least
one surface of the corrugated structured packing element, and

wherein the upper edge of the first corrugated structured packing element
intermeshes with the adjacent lower edge of the second corrugated structured packing
element, thereby reducing at least one uncontrolled gap between the bottom of the
second layer of corrugated structured packing and the top of the first layer of
corrugated structured packing.
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first corrugated structured packing el enent having an upper edge and a
second corrugated structured packing el enent having a | ower edge adjacent
t he upper edge of the first corrugated structured packing el enment, each of
said | ower and upper edges being adapted to internmesh with each other of
the | ower and upper edges, wherein each of the corrugated structured

packi ng el enents has,a plurality of .corrugations.formn | £ er nat bng peaks
and troughs acruss a@mp@gl&lgg cBﬁll“H Bjﬁe&f’hl lr}geg%alt agﬁrg%#%g%vegp % 1IeSg
corrugat ethitd Wal Uf QecACKhARE, @lee8RdHangd ZoluthPaakiag &elabiobnéd oagdyd hange
colum, the packed section including a lurality of vertical I(%/ adj acent

| ayers of swchurshpockiag ragetion samprisingnd, leastcang Kpapgated simgiuzed packing a

bottom th acked. section co .31 NQs [ r

ot uct ur ech FRER TG Ba PP CrRgRe wibE oplcEln P Bh aBlaeGRCHOR fleas

el enent  hasHengheépzedaily vedgallpdaiptead coRugatdstrratedphdkinnelamieat evitereih ower
edge of a second corrugated structured packin elengﬁ and_a second | ayer

;..
of corr uciel Pisthe yoruglgd FHERVFY P%Fcl%ﬂgeaie_&’é’é chasng nhwpality: af F?"%%ﬂ“é’@%_nt “the
first | aygt"onﬂ{nrguaga gﬁﬂ@é?&s %% Elﬁseﬁﬁ&@%klﬁa&%c{?ﬁgﬁgfg&ngask BHE burfREVET ST NY

t he second cor ructured”packing ele aving the | ower edge
adapt ed t ahe ndreugasistmictured peckirpdjlementt upper edge of the first corrugated
structured packing el ement, wherein each of the corrugated structured

packi ng el enments has a plurality of corrugations formng alternating peaks

and troughs acrpss aj gr&@sd fo%cﬂ{e@:ﬁi@'air%pﬁﬁtidxﬁ&?ﬁpﬁsm&wcﬁageg%ﬁr anfe

corrugated structured packi ng €l ement, and wherein the upper edge of the
first cor rligyd ecurderacrcntly dn plalekdt mye dissitation colnmarconiaining af lepstione mash acent

| ower edge_of .t he second corrugated siructured. in e eby
Feduci ng aFTEE2ong sarR LT “Rlsehi taisRRE bk o it SE b O
llayer of concheel pdcihg Uebtisedo ﬁkihggatawdstt bee lcofugited Nerutiured paeliieg of
corrugated structured packing. -13 13. An exchange col um for exchangi ng
heat and/ gHemenddiapimg ab degastzore gdge adapted to intermesh with an adjacent edge of at leas

one other generally vertically adjacent corrugated structured packing element, wherein
each of the corrugated structured packing elements has a plurality of corrugations
forming alternating peaks and troughs across at least a portion of at least one surface of

the corrugated structured packing element.
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phase and a second phase, the exchange col um having at |east one
corrugated structured packing section conprising at |east one corrugated
structured packing elenent having at | east one edge adapted to internesh
wi th an adjacent edge of at |east one other generally vertically adjacent
corrugated structured packing el ement, wherein each of the corrugated

structured packjng elenents_.has.a plurality.of. corrugations ..formng
alternating peaks a P{?"Sﬁﬁgﬁ%e cchfaggiggﬁasii @_ﬁdé?”éeaﬁ%ﬁ”?%t%‘? ﬁﬁ'tdsl east one
surface ofconipiRigQiohti@th e shid Fluidstib heRaft kK eRchad k€ BFlinn WHereif apilwigdhsd f or
cryogenic air separation conprising contacting vapor and I|iquid

count er - cLAOPEARE Isyestablighed by ot leastcongi enrmigpiad isbHcmEdupATkingntestion haviag af east
one mass |LfAngl TorfgilEd ‘éﬂﬁ{tﬁfeﬁ ekt AaR aS Y Akast SnE B0 AL By At
e S ac ol conp g-at T'e

| east one corrugat ructurea p ing Sectli risrn ast one
cor r ugat ednttmesht withcarpadjkceny edgé @fentiedsavnaptihdr gedasillyonstieadlyeadjdagat ed t o
intermesh with an adjacent edge of at |east one qther generaglly vertically
adj acent COFMgYsE XFUsofL PaFioe ;fifﬂ'ﬁ‘?%gwgf*@h‘k (5RC \M%e‘géi‘i?““@é’@a sfuctuied
cor r ugat eqyagskihH Gldtients L1018} 6EHDaliSS Rrfing! Aehia¥ing e QI dndGRIeRNS
form ng alcbtaer ngti ng pelg‘ﬁ?%% lﬁ oughs gcr 0SS a‘tnlél east 13@ grti on of gat | east
one surf acerast at idest a portigaofat kastumewueicp af iengpraigateenttructurdd packingh
process for1 exrghangi ng mass and/ or heat between two fluids conprising
contacti nd €8 fluids in at |east one exchange col um wherein a
fluid-fluid contact is established by at | east one corrugated structured
packi ng section having at |east one corrugated structured packing el enent
havi ng at | eastlfone Adgeceatiapinedainy 15, wheseimessid fliidh flaw eplndereqwrreadyén of at
| east one her _general |y vertically adjacent corrugated structured

packi ng eltg‘%r%)gcth?g ceorl%t?]ﬂ‘ each of the corrugated structured packing

el ements has a plurality of corrugations formng alternating peaks and

troughs across at |east_a_portion_ of at |east one surface_of the
corrugated structur el eRd fgr assembling & packed ssptiQiedn agsexchapgearolma,

wher ei n Sego%pfﬁlsfﬁig%e gtL&vy)t(_:ount er-currently in

providing the exchange column having a longitudinal axis;

installing in the exchange column a first layer of corrugated structured
packing comprising a first corrugated structured packing element having an
upper edge adapted to intermesh with an adjacent lower edge of a second
corrugated structured packing element;

installing in the exchange column a second layer of corrugated
structured packing located above and vertically adjacent the first layer of
corrugated structured packing, the second layer of corrugated structured packing
comprising the second corrugated structured packing element having the lower
edge adapted to intermesh with the adjacent upper edge of the first corrugated
structured packing element; and

moving the first layer of corrugated structured packing and the second
layer of corrugated structured packing toward each other along the longitudinal
axis of the exchange column, each of the first and second layers of corrugated

structured packing having a longitudinal axis substantially paralilel to the
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t he exchange colum. 17. A nethod for assenbling a packed section in an
exchange columm, conprising the steps of: providing the exchange col um
having a | ongitudinal axis; installing in the exchange columm a first |ayer
of corrugated structured packing conprising a first corrugated structured
packi ng el ement having an upper edge adapted to internesh with an adjacent
| oner edge of a second corrugated structured packing elenent; installing
in the exchange columm a second |ayer of corrugated structured packing
l'ocated above GIBHgi‘t’nﬁﬁﬁdl Galsl of tﬁ&’leﬁ@lﬁﬂke bhRindn, WHerdAWRE uBber &IRETIARE Bickt
structured packing, the second | ayer "of corrugated structured packing
conpri si ng t he ®augatdd soncturpdipadking eleotent mterpzshiasvgthethe pdjscemidoweredghe

| ower edge adapted to internmesh with the adjacent upper edge of the first
corrugated st r(ﬁléﬁweéan‘%ﬁwgr%’%%gﬁ#paﬁhﬁ’gjﬁi‘?ﬂl%’ the first Iayer of
corrugated structuregh@emkesth abdhé regseddstricared patkiapr élu@eh®dhas a
structured packi ng toward each other along the |ongitudinal axis of the
exchange col umplu@libholoforfugatiens  formimgrlisenabing ppakpeand teughs porgefaatdepst a
structured pack] I ongj P nal i i ahl el to the
-14 | ongi t udi ngo@g%bgf’%? g'F'ﬁ(élgﬁexc a%%gfeﬁgé’?‘%én%a?efmﬂgﬁé%& P%Mﬁpﬁ%&lgﬁdge of the

first corrugated structured packing el enent interneshes with the adjacent
| ower edge of the second é:lgrrugat ed structured packi ng el enent, wherein

each of the corBugatddnethed dormapiaciunng g corugaist stygired pagkingaflementy

corrugati %ﬂrﬁﬁ%‘tﬁ@s IgEnating peaks and troughs across at least a
portion of at |edst one surface of the corrugated structured packing

el enent. 18. A net hgdoVidingreplatedayingianipast aneredgegat ed struct ured packi ng

el ement, conprisi ngfo}l%%gs‘ik?f?espl(g{e'a means for intermeshing the at least one edge with

an adjacent edge of another generally vertically adjacent corrugated structured
packing element; and
forming corrugations in the plate, said corrugations being generally

regularly spaced and in substantially parallel relation.
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providing a plate having at | east one edge; formng in the plate a neans
for intermeshing the at | east one edge with an adjacent edge of another
generally vertically adjacent corrugated structured packing elenent; and
form ng corrugations in the plate, said corrugations being generally

regul arly spaced and in substantially parallel relation. -14a 19. A nethod

for increasin pacity jn, an.exchange col um for, exch I n heat and/ or
nmass between g ﬁ'iqui %ﬁho%ﬁ\?%?ﬁswp@@%ﬁatgxﬁl&nﬁﬁﬁo é&X‘E%SH@BEt ain
a first coaerauaﬁi/%%rueﬁ&é&%cﬁﬁ&ﬁﬁmgv@o@f@@bxmﬂg@w@ﬂnt@ww eslemtand a

second corrugated structured packing enent having a | ower edge adjacent
t he upper adigs ofrugated stuctired packipgtedementrhaving anl yppekiedge @nérmegecond

conprising the steps of.. nodifyin e .upper.._ed of,.th ir cof rygat ed
ctr ot ur e oERR S aa s e et ARyiHR Ry B e iR bk bber RS

st ruct ur ecthp figdt icbgugRtEimitturedbaikalpclents, spsisigoge sepsogai d | oner edge
are adapted to intermesh with each other; and interneshing the nodified
upper edge of the fimedifying thgyaweer sdseuef ihe dirpacorruggtedestarsiied \packnghe
nodi fied | ower o] r t r ' epent .
20. A packed seeg |§IH ét%& iqﬁe 2?‘3?121 gé) %?e%goﬁie&&g%tﬁg ﬁtgl%girfé@o% agig? ugat ed
structured packslagentswherehy esld apparedgaghd saidllatérveege are adapfednts intbmyssh of
corrugat ed stru,ctur%g?gﬁapki g. 21. A packed section as in claim 20,
wherein the angVih pachinthere i about 0 and about 90. 22. An assenbly of a
plurality of gqnmk&m%&e%&&hwuﬁﬁ&%ag@&f ﬂh?&ﬁét%o%gat@@rsfrﬂ&ﬁfeﬁq)aéfdhgd ur ed
packi ng, each layer conprising a pluralTty of generafly horizontally

adj acent cor r uge¢mentswithctharmeaddifiad Kowgr ellgarefittbe secrid carugatesk stfuctured

packing element.

20. A packed section as in claim 12, wherein the second layer of corrugated
structured packing is rotated at an angle relative to the first layer of corrugated

structured packing.

21. A packed section as in claim 20, wherein the angle is between about 0°
and about 90°,

22.  An assembly of a plurality of generally vertically adjacent layers of
corrugated structured packing, each layer comprising a plurality of generally
horizontally adjacent corrugated structured packing elements, each corrugated
structured packing element having an upper edge and a lower edge opposite the upper
edge, and each layer having a top comprising a plurality of the upper edges and a
bottom comprising a plurality of the lower edges, the assembly comprising:

a first layer of corrugated structured packing; and
a second layer of corrugated structured packing located above and
generally vertically adjacent the first layer of corrugated structured packing,
wherein the lower edge of at least one of the corrugated structured
packing elements in the second layer of corrugated structured packing is
-15-



structured packing el ement having an upper edge and a | ower edge opposite

t he upper edge, and each |ayer having a top conprising a plurality of the
upper edges and a bottomconprising a plurality of the |ower edges, the
assenbly conprising: a first layer of corrugated structured packing; and a
second | ayer of corrugated structured packing | ocated above and generally
vertically adjacent the first |layer of corrugated structured packing,
wherein the | ower edge of at |east one of the corrugated structured packing

el ements in thedageand in%&s}pfwiﬁpﬂfeu%ﬁke@dgé o Gt UBR€ oRacld the dofrugatkd
adapted to internmesh with the upper edge of at |east one of the corrugated

structured packitmigtustdepasking dlemenieinfthe Srst lapeef efrugsted stracedacki@gur ed

packi ng, whereby at t he

second | ayer of cor‘Jrvﬁ'%g %gﬂg%slrﬂgfé?g%{eo%#g@gq gg’[}%ﬁﬁﬁgﬂt@gtﬁgﬁ%%gg%@%gt

| ayer of corruday@bf ceirupgatbd sRgkbtineplatkigg had tRdup od theyfirshlagenaSdiirmgatkt e

| oner edge of at |east one of the corrugated structured packi@ngI el er{ents
a

in the second |sipetures packme igeduged by intermgsbmgghe oW adee BT ahlsatisperciedge
f | f : ' | ' fi
o L35 i S T |17

| ayer of corrugate ructure i'ng an
assenbly of a pitmcaired padéingemith ghé yupper eigalof yataltpsicend of ahercrmfgated

corrugated structured packing in an exchange cpl um, each  |ayer. conpri sing
a plural i ty of SEREIG PAkIg TR (o Se LeRoT corieatsdeacured RekiPE
packi ng el ements, each corrugated structured packing el enent having an
upper edge and a | ower edge opposite the upper edge, and each | ayer having

a top conprisind.a 4l wethodt forofssemblingper asscgbly ahd @lwelityoef @snprellgi ng a
Exchange” RS AR 6P rorGarRa - Turen FerBpERY rh gt e et
colum a flayeitconiiRing0h phiralityOst SéhefdllyURérioRthlyPaIjAdeAd corrugated structured
packing elements, each corrugated structured packing element having an upper edge
and a lower edge opposite the upper edge, and each layer having a top comprising a
plurality of the upper edges and a bottom comprising a plurality of the lower edges,
comprising the steps of:
providing the exchange column having a longitudinal axis;
installing in the exchange column a first layer of corrugated structured
packing;
installing in the exchange column a second layer of corrugated
structured packing located above and generally vertically adjacent the first layer
of corrugated structured packing, wherein the lower edge of at least one of the
corrugated structured packing elements in the second layer of corrugated
structured packing is adapted to intermesh with the upper edge of at least one of
the corrugated structured packing elements in the first layer of corrugated
structured packing; and
moving the first layer of corrugated structured packing and the second
layer of corrugated structured packing toward each other along the longitudinal
axis of the exchange column, each of the first and second layers of corrugated
structured packing having a longitudinal axis substantially parallel to the
-16-



installing in the exchange colum a second | ayer of corrugated structured
packi ng | ocat ed above and generally vertically adjacent the first |ayer of
corrugat ed structured packing, wherein the | ower edge of at |east one of
the corrugated structured packing elenments in the second | ayer of
corrugated structured packing is adapted to internmesh with the upper edge
of at |east on Corrﬁgggﬁg struFtured packing elenments in the first

of. dth?
| ayer of corrugaf‘%‘&l gl axisof £ TEEKG " Hhd noving the first |ayer of

corrugated structuregp ht8asR Bfe LGNEBAS Bap béwRén Me oo EPthe decond
structured packing toward each other along the |ongitudinal axis of the

exchange col unrlayerach cofrugited f strusturedh pagkivgnand dbeertep off dhsr disgfalaver of

structured packing hayi a_longiptudinal axis. tiall I to the
16" Fongt t udl naror e sfte e CBkink s Mo RTRY TR e ntu Bl L g a
uncontrol | ed gapashehvwegnhé bemiRtddosieiuréd packesp BldmehRYifirthe kecvad agmtofd
structured packing and the top of the first |layer of corrugated structured

packi ng is reduosasaipd sirusiured mapking neith ghe ruppagedee oftat leastseng i B t he
ted st ' W t ed
ceructur od packreR Rt LARE Helehd ih By ASERDE drtbfthofioa sEXhidAS OC

structured packpakingl ements in the first |ayer of corrugated structured
packi ng. 24. A nmethod for increasing capacity in an exchange colum for
exchangi ng heat and/or nmass between a liquid and a vapor, the exchange

col utm adapt ed 30 CORtMifod fr Mcréin Fc)ég&ﬁigggﬁﬁreﬁéﬂahgé! eblubfifol ¥xddh@nagnt

| ayers of corrugated structured pacKin l'ayer conprising a plurality
of gener alliegt dislorzvass detweeaa) lapidhandcovanogabe dxcliangetalvmd adppted ingpddinnent s,

over _odod BN PEEFE sBeall glheSa T ormde B s B TeEhper 2t o
Fl) :/J\é <ral Ie Ej é elg;?ertdwpt@.ngr a QUEREtyA6T géhebAlyt RERZAMIY &jRBne cHirtgaadd Struddhrel he
packing elements, each corrugated structured packing element having an upper edge
and a lower edge opposite the upper edge, each layer having a top comprising a
plurality of the upper edges and a bottom comprising a plurality of the lower edges,
comprising the steps of:
modifying the upper edge of at least one of the corrugated structured
packing elements in a first layer of corrugated structured packing;
modifying the lower edge of at least one of the corrugated structured
packing elements in a second layer of corrugated structured packing located
above and generally vertically adjacent the first layer of corrugated structured
packing, wherein the modified lower edge of at least one of the corrugated
structured packing elements in the second layer is adapted to intermesh with at
least one modified upper edge of at least one of the corrugated structured
packing elements in the first layer; and
intermeshing the modified upper edge of at least one of the corrugated
structured packing elements in the first layer of corrugated structured packing
with the modified lower edge of at least one of the corrugated structured
packing elements in the second layer of corrugated structured packing,
whereby at least one uncontrolled gap between the bottom of the second
-17-



conprising the steps of. nodifying the upper edge of at |east one of the
corrugated structured packing elenents in a first |ayer of corrugated
structured packing; nodifying the | ower edge of at |east one of the
corrugated structured packing elenents in a second |ayer of corrugated
structured packing |ocated above and generally vertically adjacent the

first layer of corrugated structured cki ng, ereinthe 1 fied Lower

edge of at Ieaé?yeén%tgGPmt‘ﬁ%eioﬁ“?lﬁﬁ‘ﬁ?de@gang u dt??acqgiﬁjﬁ gllf)sgn%x s 0|&-n t he

second | ayer i%oﬁ?@ﬂ&@@&h&ﬂé&tﬁcﬁﬁ@'ﬁs%&ﬁbeétby inbafkstang theoiodifed loprer edge
0

of at |east one the corrugated Structured” packing elenments in the first
| ayer; and i nt edgeshatigadt e pbthiefdosugetpd eirucsungd peeking clemests 1ibe srcopdhe

corrugated structur.ed packin | epent,s_in. ' r ted
structured pacKF¥g Ofﬁﬁgﬁﬁisﬁ&%ﬁacymﬂ%%%@%ﬁﬁﬁ %&gs éeoﬁfe)étolg %t@he
corrugated str gyt c kieQ Gtratered Paskih f elchRntda dirdfidsalager affconogatagat ed
structured packi ng, whereby at |east one uncontroll ed gap between the

bottom of the stweomeed patkingayer of corrugated structured packing and the
top of the first layer of corrugated structured packing is reduced by
i ntermeshing the nodified | ower edge of at |east one of the corrugated
structured packisng e ensinddsfor delafiegaaonse of haage tramsferdbradingdnsdeducing 2 ur ed

packing with the nodified upper edge of at |least., ope of the corrugated
st r uct ur e TR 4P &) Aherrhange LolyRn qrre§f’h4“§§}§rahe&f mlfﬂ?rrlﬁﬁsétt@tﬁ‘ﬂ% E’ Ftﬁ‘%ﬂﬁr ed

packi ng. %511%&1 Tl AOfhpbP I8k éh O iAo WBRint & BREAIRY Jfl Rfietnlg and

reduci ng a ressure drép In an ange colum for exchanging heat and/or
mass tr ansfeeticaligtadjarent ykisoefi coreugdted staystired pheking c¢tshdeyarotamprisingapt ed t o

com 2 1.2 SR b kBl RSy B SRR Sl pgpron o
hori zont al dayh, REHAEAE s&REthiédPaBRInG  dlifét RN inga&K uperddge®Mtisa lower edge
opposite the upper edge, and each layer having a top comprising a plurality of the upper
edges and a bottom comprising a plurality of the lower edges, comprising the steps of:
providing the exchange column;
installing in the exchange column a first layer of corrugated structured
packing;
installing in the exchange column a second layer of corrugated
structured packing located above and generally vertically adjacent the first layer
of the corrugated structured packing, wherein the lower edge of at least one of
the corrugated structured packing elements in the second layer of corrugated
structured packing is adapted to intermesh with the upper edge of at least one of
the corrugated structured packing elements in the first layer of corrugated
structured packing; and
reducing at least one uncontrolled gap between the bottom of the second
layer of corrugated structured packing and the top of the first layer of
corrugated structured packing by intermeshing the lower edge of at least one of
the corrugated structured packing elements in the second layer of corrugated
structured packing with the upper edge of at least one of the corrugated
structured packing elements in the first layer of corrugated structured packing.
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each corrugated structured packing el enent havi ng an upper edge and a | ower
edge opposite the upper edge, and each | ayer having a top conprising a
plurality of the upper edges and a bottom conprising a plurality of the

| ower edges, conprising the steps of: providing the exchange col um;
installing in the exchange colum a first |ayer of corrugated structured

packi ng; |nstaII|ng exchan (of0) I r ed
structured pac ng I%Eﬁ@?@%\?%%ﬁg Hllréﬂrna 1§a%§gp?{t%)gll ?flta ftgdglrgr?'ltf%
first | aygqppeidgthfd aRbwerddyd haé b ustueesurieki ng, wherein the |ower edge
of at least one of the corrugated structured packing elenments in the

second | ayer of corrugated structured packing is adapted to internmesh with
the upper edge of aly gl A1 flm MNGHERI HABIEGnobf thelubpede@h ek
elements in the 'fir ayer o corrugate structured packing; and reducing
at | east qorerdgens moliified. gap bet ween the bottom of the second |ayer of
corrugated structured packing and the top of the first layer of corrugated
structured packing by interneshing the | ower edge of at |east one of the
corrugated structured packing elements in the second | ayer of corrugated
structured packing with the upper edge of at |east one of the corrugated
structured packing elenents in the first |ayer of corrugated structured
packing. -18 26. A nethod as in claim17, wherein at |east a portion of at
| east one of the upper edge and the | ower edge has a textured surface. 27.
A nethod as in claim1l7, wherein at | east one of the upper edge and the

| oner edge is nodified. -19
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