;ede{.x**+, L, I D. 6z. T. M¥<06360 USA TI TLE OF THE | NVENTI ON: STRUCTURED
PACKI NG W TH | NCREASED CAPACI TY BACKGROUND OF THE | NVENTI ON [ 00D1] The
present invention relates to structured packing and to nethods for
installing such packing in an exchange colum to provide increased
capacity. The structured packing has particular application in cr%ogenic
air separation processes, although it also 5 may be used in ot

and/ or mass transfer processes that can utilize structured packing. [0002]
The term "colum" (or "exchange colum”) as used herein, nmeans a

distillation or fractionation TCDLERT TIE MWENTIONS. | a col um or zone
wherein liquid and éﬁﬁ%ﬂﬁéﬁ%ﬁ*ﬂ“’%ﬁ”mﬁﬁ"b‘gﬁéﬂgﬁb@“ﬁmmﬂ ed to effect

separation of a flurd mxture, suc contacting of the vapor and
| i qui d phases on packing elements or on a series of vertically-spaced trays

or plates nounted within t%ﬁc‘?@%é@ﬂNp@f’wE Imﬁﬂ-ﬁ?m "col um section" (or
colum Ti € Co

"section") nmeans a zone in-a i'ng t um di aneter. The top or

bot t om ofyy gy farti ec&ltegénﬁ%tnﬁgﬁ [%%‘8%@%5@ e %Eg%rﬁﬁ&ngz%gth%ﬂgfé{"”hﬂﬁ%lliragr:

distri but[?)rs respectively. g" neans sol i
hol | ow baditle padking meate¢xohange dolsinnde pedvitisencraasecteapactyr Bhe sirudided as

colum internals to.orovide. C . LT QU
transfer p&F&’PHQaF i%ﬂ%&%?\g@%ﬁ@ @r%%%%%ugr'f%egotag%ﬁhtpg%%rs %grﬁ% h#'?%hwﬂg%% t wo
phases. Tway be osetl iol dissrdeabngiackasgsamafer pracabsas thah dan stiizestryetgied [ 00D5]
"Random packi ng" nmeans packi ng wherein individual nmenbers do not have any
20 parti A& %ri entation relative to each other or to the colum axis.

Random p ihgs.are snal hol l.ow, str Sy W L = er

it ol qAEbAInaT R BE e v BRAERE PRIt S p e AB B PERRI R

packi ng" orgraptonziok icolymaharzeng, iedh veldmalor zemdwherefralicuic prevagar pbasest at i on

relative to each other and to th I I : Lhgs usual ly

are 25 nﬁ%CB?&Fh?WWY an?Sﬁepﬁoggégﬁgg%aﬁéﬁt gﬁaﬁiam%tg%eg%u%géween st acked

i n | aper coptacifg spiheakpwi arii lngsd phdses onPasking B8AdnB0O7dn & rersoefesses such
advant ageous to use

ettt o Lo L1 i
2ts r ulctS Llr é’(??tblélﬁﬂisﬁ%ceidlcﬁ%g bﬁ%ﬁagé%@tgyr?tgﬁ&’ “ﬁ%stgle %?I:!iﬁ'sn fer between

counter-f i,ng_l iquid and vapor ,str.eans, .St ruct . [ To e conpar ed
with r andh%agw%‘gf%r“??%é? tlﬂnfz rss?qq%nﬂéﬁe#tagog‘g ”Elgg Ldﬁ%efflw&éency f or
heat and dgosen Hiaarsdre Theitbi of Boteom pf @ particelabseattiop or keneadrels idize liguid and

predi ctabl e rimance than random packing. [0008] Cryogenic separation of

T f
air is cé’PPngsB‘gf‘wﬁiﬁeﬁHE‘glVﬁH-| iquid and vapor in countercurrent contact
t hr oygh istillation colupmm. A vapor S f t ] I ith an
everqgncﬁggé‘ﬁng-’-%alﬁggn?? r]goqu@f-)stsﬁﬁé)%lfoglgwgqoﬁﬁslogﬁae?ﬁ%ﬁéﬁd?%eg%g_gfbg\f
ni t r ogen)anattionfig@rationused ahademnintéinelsitd pravide siefece st faf the ignicclpatiow
increasing 10 concentration of the |less volatile ' ( oxygen) .
Var | ous phesa PSR el huspo ieiteds g Blire TR o hades o
phases ofTwdBroatixiasses biparkingstaac tratdorataraiigrusthregitss transfer between the
phases. [0009] The nobst comonly used structured packing consists of

cor r ugat gdossieeRangbm packing” means packing wherein individual members do not have any
20 particular orientation relative to each other or to the coiumn 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
otientation 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.



met al or @Bé@@“@ﬂt oil's (or corrugated mesh cloths) stacked vertically.
These foils may 15 have various fornms of apertures and/or surface texture
features aimed at inproving the heat and mass transfer efficiency. An

- exanple of this type of structured packing is disclosed in U S Pat. No.
4,296,050 (Meier). It also is well-known in the prior art that nesh type
packl ng h&PQ]spn eeatersepsushasfdigillainn o direat eanlas coeling, irisedventagepes 1o

per f or mangg, struétursfggaﬁa {(mp% p%tateﬂe gg@ér%fméérr@o hoRsg lidQb!
type 20 packing S vecﬁ esr rable to increase the capacity of
structur ean@aemrrﬁjream Streslasidgracking, when esmpared \r_ethrracdm@aclfj@@:m Wayd.or any
gi ven sep [ [ i on.
(0011 ] LCLErE pradis of SBHG ditierty (6rtiiat Sha FRIEE YeRTIcP i e BEORLAC O,
Mass t¥ angdfopr [2@se has diang pragintatie perfermange dai nandogelidat i on |n mass
transfer Ferfor mance prior to the onset of hydraulic floodi ng occurs when
the mass (QCRBET &Sirvagehiciapacatioofof ahds cartiethnutdyyapassingdineidi andatapaginr api dl y
with the f w ulic

1 oodi ng Sanieeateect APl AR £bisifeith Sol' A PabclEges Uhe flhEY

i ncr easi ngsceags Alith arue\rertnmeeasmmsentcﬁtroma;bme mntb’\mtatile qmmnoridrmrv(egﬁ [ 0012]
It is kno t. V4,0 packi ng can
be i ncrea}sé\‘g+ 5%@%ﬁ%%9€§d185?% %3'3%@“ }5&% ?%rfd u\éh;pna%%rﬁg&é%ﬁ s. Typical
modi f1&at ccom@ntrahnmm‘dhe macretatrteroompdmentgr(esg,, axhigerye ¥adous pgedngsrorarayse,

a1 eheot B2y Bediseptibfdy FlUSEH G300 BrdseR st Bt o RS bohtdfi €0 Sheer s
Exanpl es a¢cc$mmrhhwmhsﬂrmatabaﬁvean&hdpbaﬂessed in US Pat. Nos. 5,632,934
(G1lingham et aJ.) and 6,101,841 (Billlingham et aL). O her

nodi fi cat [0908] i bk neest Sershraplydisedistrugatadypecking doosibtsenidsrrofated engetsiuéet

h t i scl. ' PO 6 i tion WO

o7 Teaa7. Maret ob RERIOREE drborioRel Hesh ottt ikl TeficAR, Rk 10ROPRT | "
operk a‘:j& onhamm?eswm cdra@prtténestalndfot rs?mciettbmee ieatwmmumd!tatﬁhppmmfgdhfot a

ed co a pres rop gqreater er_ foot is
Pt | hfendim@ ARt o0 3heReFhie dihls ek oMot el 559" 5y
(Ei 1 nEham:lomd all).s. H’b’e&b pmemss (Meieey. ttats‘asm smh&rkgorl[v?] dr{tir?y qinbeabdihaétorrs of
t he packin ase er.ei n bo e s an
bt t oo oPs R BBE ARG e ekt It TSR A oot Mess Rt hoca pr i or
art nodi fp@—airmnsertaymerﬁprtyzp&patdkexgdamhh)br@fexpéﬂmtth&redquamﬂnm t hose

desi %)s stl I l suffer froma problem of uncontrolled and random gaps between
adj acent of structured packi ng, which gaps are a result of the

manuf actu thods us.e r convepti onal. structure ts The
15 uncont ffi?ffﬁle Y gR e M P Rees el 2party o SRR RS, SRS oe,
al i gnnment thefuselvt Idssditruttdtal patkingdbrargdyipacsdpagatdhetmes redueingsheebst ofi t hi n

the layers. This gﬁn | ead.to performance degradation in terms of both mass
t ransf er %W['}ﬁ%‘g ¢ SCRABIP - especial Iy at high flow rates. [0014] It is

‘desired t e ved structured ckin eets or. elenments ich 20
ot 1 calten s T Her RS Erad Bl e isurBR Paprtl RUIFGReorES: Py Bnger o

fur ]E hoes di&ﬁtidirﬁgd vm:hhemf @eﬁ'talturé'fdugﬁdﬁmﬁrﬂhlrﬂ@sv*urﬁfbr@Eﬁbﬂn@@tc\ermrbﬁuﬂdte_

per f or mance _ t of conventional structured packin i s

LTI f o et Sl e RodREy SR L et e eARS R ok G CD S e PRl B Rtk ge

col um  hayétegorktitg fa@wyiwmmcmtméa@@arbtapagandrer IRAKETbV i 18E gblakin. BRAeA 8ic

reaching frlgo%(l)ndg occu(r:sovr\}tctiért[ tlh% 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
moedifications are typically made at the bottom of all sheets or at the top and bottom of

-D.



[001T) itog3eXWEA further desired to have a structured packing that shows
hi gh performance characteristics for cryogenic applications, such as those
used in air separation, and for other heat and/or mass transfer
applications. [0018] It is still further desired to have a structured
packi ng of the corrugated type 30 which overcones many of the difficulties
and di sadeltarnaiirgsshekts Hexamples ofsauch rndificationteangstisciased il Unpriatalosnt ageous
results. sdso ggﬁgéﬂing%n[ QP%.glanhtefoﬁ,%!(bhniﬁggH Nedt AP SHIHRA ncRitRaEa.
process foOr Ccryogenic ait separation'which utilizes a structured packing

t hat pr ovindese [§-gfiepedcapagitionstdanaroth Bads offevsry greehrsuch s feasgrdisrigreeidnng.
[0020] It} ' r j S E&F '
separat i oﬁb%ﬁ#‘iﬁ %ﬁﬁk%iﬁtgglr%ﬁ@iagq\ghﬁcag@ M?\g}@ﬁ@é@%ﬁ?.&;ﬂéﬂ%hﬁléﬂ I ?gﬁg\%('r)(lé di ng
f | oodisng. meB8 A judHt a whg that sludeg operdticroth gvessararetopanl thef transtionb g regiuaed

. i : ; : Coh
atords bePRERonal Ropisie ARAL  RictEfel o ofbeR BAEAFIHER et BB R 0
many of t{aeghiihfU. 8uPat Besafe2tilea(Ritingreyesetal.) afks,B1 2807 &1t (Bilngheoviade

better and re adyant ageous results. 10 U = T NTI ON
Co023) ThehpPhsseiaies ey merERelel ot tERAome Mo ing sedt el
i ncl udes mpdifiascary gased wheedin bbihuthe topechnddcitomg of trenpadking sbieetscarar ed

packi usiaﬁ t he structured packing el enent of the present invention nmay
be us i A B?Dcess for cryogenic air 15 separation, a process for

h i d/ heat . bet .t i i . |
For oxonalbgTan  ABAR el res brist et Begalfing ridy I EprRRng Balh CE ARG E0 LT
Thehi nvenpécfkmgatrmeid@sigudeﬁn suffer frionda prblens stuvidontrgliesl gratleadomaapson i n an
exchange col umm

, a2 _nmethod for nuf.acturing.a stru r ng el enent,
oG o ot ROHPD ACRERUAETR 6T SarE e PapHR: Thich st BB EHEBRE? "changt g
hﬁat and/ m@nu%aﬁ:ria ntamumml e&fbﬂh@vﬂvdnt&{mdl strucapod p(aj{:l(h@?}edmd'ﬁm enbodi meRt,
the structure acki ng el ement, has. at | eas ne .e adapt Lo internmes
Wi th Hh ceonP TS SARRA BT AJEHER I EHESO Bt g BEErg O EhES
vari at i ontnefindiiatialeFoedivéepickindt elé@ants oh shedts withinthe ldyersat THieear leaddoedge
has a textured surface. | n another, variation, .at Ilyﬁl?st a %orti on ofI tat&e
st r uct ur eBeTHRIBIRNAG IBY@RRRN RSP FPOH] MAST MFEYSTEY AN PERIAE (A0Rs SPBFHE N
al ternati pgnmeakatednd troughs across at least a portion of the structured
packi ng el ement. [D024] I n another enbodinment, a structured packing el enent

i ncl udes pEIBRNR id B&siicalts HERS Mgvad stheafbd packingigeetd of diemehiswetich ed
packi ng el enent with an adj acent ?dﬁe of ano&.her structured packing

el e . Sigaficantlydnareqss e oPRAF G SHUCHEdAACE Brhodi nent . 30 I n one

variation, the nmeaps for intermeshing conprises at.least, one serration in
the at IeEPélt"sl)ng'%g’é er ???'r&d\}%gg‘éﬁ? Sg\"a’t’r%’tpa\? e i enabfgs 'g'tp"s’eegzt one
serrati onpéforlanté ovémhansiidaaventidhiaiucturdtepadkingeast one serration is wavy.
In yet another variation of this enbodi nent, the neans for internmeshing

conpri Sespﬂlﬁﬁj efsd snerthédosirsd tdBavdta stRasired packidg for 068G0artSkcherige. I n a
variant of this variation, the _mean%_f or i nterngashihrbgglt u1g't her ﬁ.orrglri aes at
| east oneCYeFPAAVEN iNGeatRd capgpity enabl throughput betore reaching oo

25 conditions.

ng increased thro

[0017] diis stiil'further desired to have a structured packing that shows high
performance characteristics for cryogenic applications, such as those used in air
separation, and for other heat and/or mass transfer applications.

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

better and more advantageous results.




[ 0025] AnB&3mYUBAboOdi nent of the invention is an assenbly of structured
packi ng. elenents, conprising at |east two structured packing el enents,
each of the structured 5 packing el enents having at | east one edge adapted
to internmesh with an adjacent edge of another structured packing el enent.
[0026] Yet another enbodi ment is an assenbly of structured packing -

el enent s, [A938br itds alfl fartherdasirsd tubaverearosaekion grvepemnie air saaafiatign MiAlipper
edge and g; [WpYs i g . iagent
 Che’ upper RS BT BRCH L 0SeC hETTErcor®t) Pl A B PR a0

| oner andPager: edges being adapted to intermesh with each other of the

| ower and upper edges. [0027] Still yet another enbodi nent of the invention
i s a packB@28kcttiostilifurther destbatgleavss pregesTionpPIeMig air geparation Whipdr of
structaure [ IS j : i ng el ement having an
upper %dg@agggﬁag%ctc%m@t%%gﬁC\%\ﬁ%ﬁdé%&?'{ghﬁgl%gﬁéérti cal l y adj acent

| ower edg a . t i AL ; ’ er of
structure ngla kit%gs(bﬂggg Jé%b%\nllgqtrﬂ%ﬁﬁi r%g?g%e%m;ﬁbgpagﬁﬂig@ﬁ%g%qaggc ing, the
second | asterxctwedpatikingi arhexaheoon dolsmnudiich afforgabritergpedioamante thavithey t he

| ower edge. i i t : . verll edge of
the fi rs'%]gr éﬁ%ﬁg%ﬁ‘?%fb&égﬁf%@gﬁ%ﬁ? R Pﬁth%q{l/@r;@i %/%nﬁ:e %%A%HS%S%%O |ement ,

t he upperpriiget toforovide béttegtangtmere tagvantagealisimgulBd el enent i nterneshes with
the | ower edge of the second structured packing elenent. [0028] Another
aspect0 of the invention is an exchange col um for exchangi ng heat andl or
mass between a first phaseaﬁ@g &ﬁmwophﬁ%m\?’%,whange col um has at

| east one structured packing conprising at I'east one structured packing

el ement hi@¢RR2 The pemett ionentiedgea attagtieed peokingtedemen landialde ingludzinan of at

| east one_qther strugtur 2 in L; - ct of
the i nven?sl% rr]n%llysgfasuigﬁggrggtgjr dgga%%‘%g’oeé%?\?@ggé ﬂhgtg%earéﬁ%!%ﬁ%gggﬁ% gﬁ%ﬁw

cont act i nopokangoriermnat dfitiopl prbsetintestion nrayere lisedi in agirotesader aympedicsair | | ati on
colu containing_at |east one nAss [ r.ei I qul d-vapor
cont agt 1 SRl p BresrSh P Ao lR R ke SRV L o BEiRE Fhduldsa AE %
| east oneexshangd oolechnfacdichgn@y bbatramformaassrizptader aiist phase sdbesacapt ed to

i nternesh_w th.an.ed of ~at. | east on t.he f [ cking.elenment. 5
06560 e s aaTSd ol aisdindi sl efeRirOffesBhipHRd S bR RASELBg e o0 O
exchangi ngxkchasge esidmor a lvesthodiet weenfaciming lastdstcedpackiignejement, antiang sai d
fluid in at, | east. one exchange.col u wherejn fluid-fluid.contact |

Lot b 1 arBatmgg Tt inPlaRsTo SARAY it a0 B e coly tkbfcisning pele gy s

st r ucour esetpaek aniguiel agenvagoavi ng at | east one edge adapted to internmesh
wi'th 5 an edge of at |east one other structured packing elenent. In a

vari at i ornfo0£3} hinsorer @absdimeht) éhef ditlctlsed baskimpeloment loas atéedst pne edyde

exchange col . .[0031], The inventjon also includes a nethod for as i ng
o backed AT AR ahGES of SiecetBRe oy iR FrEROE b 1T R epo.
The fir stvagiagpn bbthat embdéiniche a¢kabbagertionlotithe didadsngnaedgnisad atexnakdaxi s.
The second step,is tp install in the 10 exchange colum a first |ayer of
struct ur et Ekilmangﬁ%\fqrgﬁ% aépqais{]gpogtpp&g%rgﬁ{cﬁié%ctp%%ﬂrg %ﬁ@ﬁpl 'P%S\/? ng an
upperz2sedgsiued i @drrl gatiohs e6rasd aNdrh&tingy geike Bad inpuyiey ddrosd tyeast jagmetidn | ower
~edge of a second structured, packing element. The third step is to install
in the ex¥HangEuRiedmaching &S ayer of -structured packing | ocated above
the first,_|ayer of structured packjng, the secopnd |ayer conprisi t he
second stl;D8§¥ rgbarl?iwieﬁ‘bboéjl' "Hgnfl’ Sﬁ@W&\qi%af’ﬂ@Pﬁ"&N@%C@&Sﬁae{?ﬁ%{%ﬁrto

i ntermes Hnt@nﬁwbﬁﬂiihg agiléagmié euTgﬁeﬁ]griue:ﬁ}dcwradbaqemg elapRar wmdgae?qjhcemfedger st .
structured pagcking el enent . . oyr step is to nove t first layer an
he secortt A AR RAHOGS AT BT RSP AOA AR Wx B EoBUEH ot he
f i r stacandnsgreondalicy ehSmizars itg irkedntRBingudinpise Xt IsastWhatsantiia ihvthpat al | el

to the | ongitudinal (’ilXi s of tge exchange, col :ljrm V\/nere% t%@ upper edge of
the first/®88qetaio8d Ipaveriay % thatuatiaton. thedt leask PR SeatRn (ST Br edge of

t he seconshoifidru@kibifte thePatkdsh ang ben@ith.is Wa0B2in yBianbthveniriagon af 8@ | ncl udes a
met hod for panufacturi ng?a structured packl ng el enent. h%gegée} hod i ncl udes

) . ( / t. T
mul ti pl e YDRPEMenh g meaps oy dpemespigsPBIRrges at Igpsione Figl| 93858%€ one
edge. The second step is to formin the plate a neans for interneshing the
at | east one edge of the structured packing elenment with an adj acent edge
of another 25 structured packing elenent. The third step is to form
corrugations in the plate, the corrugations being generally regularly
spaced and in substantially parallel relation. [D0O33] The invention al so
i ncludes a nethod for increasing capacity in an exchange colum for
exchangi ng heat and/or nass between a liquid and a vapor, the exchange
colum adapted to contain a first structured packing el ement having an

”~ o - T




06360 USAOHZf ¥BAd upper edge of the first structured packing el ement with
the nodified | ower edge of the second structured packing el enent. BRI EF
DESCRI PTI ON OF SEVERAL VI EWs OF THE DRAWNGS 5 [0034] The invention will be
described by way of exanple with reference to the acconpanying draw ngs, in
‘which: [0035] Figure 1 is. a schematic diagramillustrating several |ayers
of struct BfERI lpaEvariagt Pfrithﬁ}’aéiﬁmfaﬁ"g%méé'ﬂ%l%ﬁ*”t?rMB]”glfPﬂ‘Lﬁ"éoﬂ‘H@eﬁa%'@ﬁé’hat| c
di agram i bﬁyg@,rraqtdnngtﬁeygbpal m sal i gnments between 10 adjacent |ayers of
structured packing; [0037] Figure 3 is a schematic diagramillustrating

modi fi cat jgpps) Ohnbiher ERBoaRknPet heMRAGSSIsHUn sdi8RbY AistriakkddShckigor ding to
t he present |nvent|on t hereby causi ng adj acent |ayers of structured

packi ng t Blements: feArisIND BBBRSHWG scTedspackingirisrents. RRCRAH &6 strydiverat i ng
one erodpagiHg Qbmehe H%W@%ﬁea%%oh@g&@u é@ébté@ioﬂﬁte%@éﬁwﬁﬁ ah fae;a%ehttéa%eand
top edges of |nterrresh| ng sheets of packing; [0039J Figures 5A and are a
schemat i c0fcﬁ"!§’§?ﬁﬁﬁUFﬂUrQﬂsQ&O&tﬁQrﬁjefaﬁntenbodl ment of the present invention
wherein serrations are cut at opposite edges q%; top and bottom) of a
flat packicﬁaﬁkhéf@ta@inWdﬂﬂgmrf%aBAsm y ef $th lﬁ%@ﬁ@*ﬂ%@@d’%@;shom in
Figure 5B; ati ng

anot her enb I men ?ﬂs?nggctugﬁg%%@ge@nferﬁgﬁﬁﬁg%h‘El Ee”-F\el [)H%gnét JS(:g:z,)trn'raatl ons are
cut at bostructured pepking glepent bwwgwaﬁedaeﬁﬁmpe@ébkuﬁ@ersq@@tofmvmt| n

Fi gurg 6 ) Igures 7A
and 78 ar SENES ppbihdcfeler 2 8 KAk Bobp it BRing ek &, e

pr esent |lni%m§$bwltmciepthe$nbtheﬂom tmper edgesat t he bottom and top edges
of a flat packing sheet shown in Figure 7A before it is corrugated as shown
i n Fi gur l0PR7] 28til| pa4ppther gmbedingnt eBhaiyedienB apacked Beatan io agi agr ans

|1 ustr at LgaAdabLlARaboRoRad. T lcPa0k: &AeuBLASaBVBA Ao aRLRI N | ar ge

slots wt sef rat insid thesots are cut at top and
bot t om edyrstured gathing eleasil hgmshereup@@ esige\adapiedid inlerse8A with Dgenrialhre it

i 0B
-I ihg?rl;{ :Jg@et&ﬁ gaél?%ngdggwa‘}sv?r #q%ﬁg%asn%?f) ﬂ%?ﬁe g%riéﬂr{fp E%%H{e?ﬁa pac%{% ashegi ©
accor di ngayer Qfrsb*uptumckmg\)mmw)abmaheflrst {ayet diciiuctused m@tlng;ﬂ‘eqﬁﬂq@d 7

06360 USAo00). Lty BRUNDL &0 BOL S0 A0S 00 ed0ms ahe o chingcabesl

shown in ure SFe It s Cor T as s
Figure 11t0|u$tegneqjhwnﬂ| thesgematallggettiae!lydewéoedaaﬁdh@flrst hte.lcsluned@taqkleg packi ng

avai 1 abi TP AR, RS, i RS PR P P gl BRERDG, Y
of nclmal eleredntjeta‘rmeslmssum therlomdr edge of theosecerd etudtyrefivarkingeteniaN45]

Figure 12 is another graph illustrating the performance of the structured
packi ng dit0g8k Anetbentspent/efriheé mvehﬁvrdeapambmetoolwmmfopexﬂmﬂgmgdwabf '

comer o aldfoANald bl Eos L EHEELaRFS KLOGN 2 e Wit SRR hagapot tors

in termns normalze hei equae to a
(HETP) vdeasis:nlecatnmaﬂwedaphcka'@ocromismglaiiea(sKm)e stiETUkbd BBECHDESERMRTE OhViIeF THE

| NVENTI ON,,[,D046 e vered that | ayers
of st r uctHiieir She RBRs “BaME i Pl A B ERet TRt Perae itk AP .
trandber pgdchipdiekgmas. wel | as 15 reduce the pressure drop of the structured
packi ng, thereby increasing the capacity of the structured packing. This
occurs be[@BBS]e ‘6ét ea'rmtﬁermspycaméme invertibe isda p'rdmagsafoof:rybgegmi: dirlsepavediont he

| ayers and a ase in the entrai nnent of uid %agtp etéstmg{,gnthe

packi ng compnsmg &R acting vapor and liquid counter—current in at oneé
column containing at least one mass transfer zone wherein liquid-vapor contact is
established 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.




channel s. OpBBAYBAFi gures 1 and 2 illustrate nultiple layers (2, 2', 2") of
structured packing 20 arranged as the |layers mght be in an exchange col um
(not shown). Wen individual sheets 4 of structured packing are assenbl ed
into layers of packing, the sheets usually are slightly misaligned in the
vertical direction due to inperfections in the manufacturing process. This
i s shown 10030he S8t yehenatiercsagetahtir inFerfionds 2 precasn forrexchanding misisg areisr s
are exagg | : : i ratd : i I t es
qaps. (o 55t Gl i RIMEARARIA oAl A I ALRE KRR o
uncont r ol Whdreimtuigdinttorantact e esiablished by at @astoretringtiredpagking aitg ak a
distillatj t iakl i t he
vapor and e 3ol BERRFF ARG BNgaBhel g Rbret A rbirhih b
transf®er peefipe shadeastespadiarstycatedpapking eemenit ds a Vabgus] ofEkiparoeasst s

have shovgy il Advodling. ARG Ik ehbfime@lcoilct ured packing 30 depend
significantly on € presence or absence”0f these gaps. In principle, it is

possi bl e {@adel e Ranfill Blo HeildsQlh B oBYoCALER M ba BLLEN oybad i dual
sheets in“each layer, ereby el1mnating uncontrolded gaps. But 1t would
be 1 npossekthange calungn The methd8 3B IudgSAnultimle eiegsalThs Hieststepsto provde Hel vy

duri th L di: ' ial..c . 49J Th
present 1 Saande Soirtind #leAG A ATERE, ToR abAd Ren felofRE s Y e

| ayer®} noexchiangé weluenn ASrss lagemofistrubiugad mackingt doinprisingdofiret $yuctrdd fopckigg bot h

hat  vout S8TRnRaARE o LBEe o MBS sy Sl GRFR s fechlf ol
packi ng t bwientdgeroti senidsstiuciuren packingrdlerment) ehactbind step imtl) iastahin theyer s of
Praut o r BreRes Rl bERhG{AGy of SchreH BaBRNS chBOERRE RN BT ©
fl OO%% sthﬂ:nﬁ@g@@]:tiigg, tngeemﬁmgyém:gtnp?ting hlEe b?]noeldtsiimat%urai ]mi@(in&ela:menﬂade

at t_ O%tOﬂ] e n OP 0 eac sheet Ol,. ?C .Nn as S OM@
"n F Bur ey fpdbeeredit anantesodnten Wit herpoaotadl vBrigt;aniecet BBeSondi ng
SheteL S i ne%gtecifl tas'iﬁfSS sﬁbftﬁ&d&ihﬁgibg!emmiml Ehé ml_ﬂhcuge;i. muemmS hhe!v'tit_slgla;@e ,

ano er. n no er | n S 1 N | res a

Sort ati onts e sesofl BOG LrbrdBea e Hof Bade dringl 2rS 3h BbMecitanth of

i ndi vi duabidghdtlay@gské\ﬂgg ﬁhﬁ@t&diﬁﬂl @?T&Ub%&rﬁb@mrhlﬁal ko tyiefli_ﬁngit@xdinésaiig obpt ik_on,
apertures e ncned |1 n e at acC, n eet . e serrate acCkKl n
Sheet s o e ERings: chas cierePy naurprhc e he Hist M el BsRBa R or s oF
packiaty, mtgrichieed RYetR 8Wwer sdgecdieite serdnatratiuealiaciingaslementhout any
special alignnment to inprove interneshing. The assenbl ed | ayers of packing

20 nat ur afdog2] nthe ivehtidresiad #elueies bheethod fRmamsairiryad &ridneret @acking bot t om

edges of adjacent .layers, . The inter hi ng_i s_not as .noticeable as i.n the
cace of sPBENE s Aletad inglifies uipk airPe e isPoveS B Sreide  platé bavida g
li qui d drat}]ﬁ@egﬁndl%igégTﬂQ%ééériMe;S%t@:‘voﬁrﬂin&h@ﬂia‘ié & atdany islahtapméstangmet  of
nass transf.er oodal n

nd reduc ressyre drop. )52] As, shown in Figures
BA and oot Iohst ang erap oL B iHEReS phREs P BenURD 4t SdiRei 6088 T Braher at Cbot b
the tap estgetFedpeckiig eReidnonNTies Brd Bepok té RemidedigBorshe @le datel theanot her
enbodi nent shown in Figures 7A and 7B, snpoth waves re forned at the

bot t om edBRITUSALPRE PFRO PBeTal PGy FPRIRS %‘Qp'RiSH_BSté‘N?i'S paiThrelagen
lors 5 WAL ol kivesiatt 46 BRE05na mefapUE VST Soarly BB BaNGR0S3] As
shown in &igHk &S sk@Rardiity A8 .angte maE ibatviddh Mtuidasd vBgorahel dxeflahge any of
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 o 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



t he - enbod?®aftdSAs to i ntroduce 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 nodified area of the packing sheet

pl us about 30% above and bel ow the -9 06360 USA nodified area of the
packi ng sheet. Surface texture inproves the rigidity of the nodifications
and pr onoedifing Hepet edaecf thafingt strusiured sackingcledpat wih thensopibied jovgr €588t s.

[ DO54] Th i ans tructured packing often is given in
terns of ﬁ?ﬁgﬁg&gﬁﬁﬁeﬁﬁgﬁ§9?o a ?ﬁg%Pgtical plate (HETP). The term "HETP"
means the height of 5 packing over which a conposition change is achieved
which is equivalent to the conposition change achi eved by a theoretical

plate. The ter m HoiepriidS@ipTRORIGE SE?EPEKL@\HF%% RETHIE OFRSFINGGS Ween vapor

and liquid such that the existing vapor and id streans are in

equl | Idr | ba)TNend MRehfdn Wi DedetEritdd &, PAY b Shflo RAE rBnboto fhespec T ¢

separatio e nore efficient the packirng because the height of packing
bei ng ut i 2dcpapanpingstavdagadn which: t he HETP. [ 0055] Two ot her paraneters
pertaining to performance are vapor velocity (K') and dPldt, which is the
pressur e [@P3%] t Rigureot isua schematicstagram ilpabringseveral lryeveeh stusiurerd paekindn.
Vapor vel.qcit . Where U' P Pi 20 25 30 is defined as follows: U~
[P~/ (Pi !R%h%cfw%g%%oslg}ﬁg,r“ cial velocity of the vapor phase in the packet

sect | 0N~ pBSER! kYR 2 ISP RN CRARPE LR SR WpRhl REIdrnKtidbalass. [ 0050]

Fi gures _ npare the Ser or mance e structured packing of the
preseft iavjasent ayersooftstracieed paakigce of commercially avail able structured

packing with and without nodified bottons. Figure 11 is a graph of pressure
drop dat d008F chighee $lsonechiematiedingram illstraing medifieations of thedor ang LREPMZ ed
vapor vel g¢j 5 Welt]s i : d L&A G BiiaRAwn i N
Vorms of SeRd phatts oLk doRi & (1B TerehERe Aol Bl fny M sHlo is5at)

Fi gures llayeradf stuctived raicking és intermesh; di still ation experinments using Ar/ Qz
binary at W1 conditions, where Wis the liquid to vapor ratio. Pressure
drop of HODB8] hisigpeeck israysatieratiowicrar diustatingenea ersbedmesheidne peasenhg sheet s
and tjhe i.pter | I - ing. of the
e Basd EEERER ARSI bR wtSh SuRECARRTABANAY SHedOBadR, 1 ng

is clearl peg.i t z i1 : [ ' ondi 4 at
the bot t 0SS JFioflfes'h B e B: KB B BRK L AR BRh AT LB B 66, 01
10% del aypresentirs@ntiomwberEin sérodidne graceuiph pprbaite teldges (e- Sroteipféngdattpg) of 86360

USA pacKki I F i G- Ba: i hinganbeE sBayers
shows no ' 5kl S BRGSN HEFHLIqLA BERAR Rt T eBES b Rin e MBS B2 )
f1ows. [0040] Figure 6A and 6B are schematic diagrams illustrating another embodiment of

20 the present invention wherein blunt serrations are cut at both the top and bottomn 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 78;

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 1o the present invention wherein vertical texture is applied



(0058) Al 06gHSAI | ustrated and descri bed herein with reference to certain
speci fic enbodi nents, the present invention is nevertheless not intended to
be limted to the 5 details shown. Rather, various nodifications may be
made in the details within the scope and range of equivalents of the ciains

and w thout departing fromthe spirit of the invention. 11 06360 USA
CLAI VB A @m thechadified ga%w @gd serepdans ol aflahgaelting sheet sbewn idgetradidh efoic

|nternesh!tyggd?r®gte%cg%esﬁgmq];, di tiopne other structured packing elenment. 5
2. A structured packing elenent as in claiml, wherein at |east a portion

of the St[r']dgﬁggr? uREKis'Krabh RTBIRtiNGaRe eﬁ&*ﬂéﬁlcétoYt!‘féfstr@quFétgﬁédkﬂ@SOfftﬁém ng

alternati aks and troughs across at |east a portion of the structured
packi ng ebr@senitinvention inseqmpariscado precharingmanemeiomserially pyailable stiyeeredn at

| east g pﬁéék*rg}vm ﬂ(?whlh&t%oci otfds lﬁ%sr@%oﬁnéiﬁéﬁﬂmgvérﬂué ace. 4. A

structured pa ement including a means for interneshing at |east one
edge of tmmlzmvmdebattk(% @‘Idement with an adjacent edge of another

structured packing elenment. 15 5. A structured packing elenent as in claim
4, wher euwﬂﬂﬁb Frigares 12 israriothas grarthillvairatiogrths pesiormanteeidbe stiecte@orRackipg i n

the at ﬁﬁheﬁf"%eﬁgﬂ%ntﬁné@céﬁ Hﬁédﬁrtg%é)a%#drﬂﬁn@é]@f@d?ﬁm@r%ldl aGhiiHn S

wherein t ratlon I'S A struct red pack |ng
el enent astricturetl gaokisg wthenéumthphtenedlf!¢ceeettom@ tem&eitﬁoorﬁalul@dmmt 25 8. A

Strugfqur eé’%ﬁ\?a‘iéﬂt'iga%&&@{‘éql gﬁt (?-I et sI s:b’sl o3 hﬁ'ﬂe'a vaB&r \5@?@&2

I nt ermesh I'ses a e at Teast o edge 9. A
structured packl ng elenent as in claim8) wherein the neans for

i ntermeshing further conprises at |east one serration in the slot. 30 10.
An assenbly of structurRdTphER lﬁ@SQRé?fB@NQFd'(Hﬁ)EN\ﬁNi@OM | east two

S Ut U o8O A S S0 e U L GO SR ELB o i o
structur epiaqkﬂtgktonrg;eehm’remey cab2ielaydB8 60saiHAmass transfer ﬂoodmg 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 quuid droplets into the packing

channels.

[0047] Figures 1 and 2 illustrate multiple Ieyers (2,27, 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 imperfections in the manufacturing
process. This is shown in the schemetic diagram of Figure 2 in which the misalignments
are exaggerated for the purpose of illustration. Such misalignment causes gaps (8, 6°)

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, resulting 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, it is

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

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



11. An agB@abluysAsof structured packing el ements, conprising a first
structured packing el ement having an upper edge and a second structured
packi ng el ement having a | ower edge adjacent the upper edge of the first
structured packing el enent, each of 5 said | ower and upper edges being
adapted to intermesh with each other of the |ower and upper edges. 12. A
packed séndivigualisheats soxurbciag)e duandithe, manhestie ol jaroe digmeder indysdialof
structurqgﬁﬂﬁgying conprising a first structured 10 packing el enment having
an upper edge adapted to intermesh with a generally vertically adjacent

| ower edggoggcgﬁeg&rgg&ﬁﬁ\gf%g%@@teﬁMaaw ERBH théBtkels sewRNbjacyer of

structur ocate e first layer of structured packi ng, t he
second | agyars compmitisiatey A ehewe ndgenerd siisiscdpnehygaediving katle thenioPgeRg t he
| over ged 4200k o dgak 8t i at¥Riid SAldeB tpaeant
upper5ed%ga’?ﬁ‘iﬁgr@q?%nr%c{ggétqpﬁ%g?%ﬂ%étgﬂﬁﬁgagﬁg%g%%{é 1:3;I A psacked Section as
in clai md®yrs (her & and Aigouppand 2dgd patkingto intarmesizoTRIE iMBroYER GOPEEKI ng

el enent i . W . K d packi ng

el enent . b%iﬁé%ﬁf?’g%?ha\a@ﬁé@a&%?S&’wﬁ%‘?ﬂ%@ﬁé@’ﬂgmﬁg"gt%g‘#?ﬁ’grhqﬁriiﬁsf bet ween a
first phaseremsds ansasnmedt gHigsil dropletsdx vaporgbanog!srandiastiely datays 82856 one
structure;:d g\acf%}nﬁ 25 conprising at |east one structured packing el enent
havi ng at" 4"g%s Eg'edge adapted to internesh with an edge of at |east one

ot her, st r cki.ng. . . i i
cepardt e R BRI R Mo ichuoR HERBNTe fRlac 106 BLbe 10,
| east onenditsp etige8iobractosheeat 4ad packing, g showh @nBigutee  hewsss 8@ thensfer zone

wherein |iguid-vapor contact . L Iidsdigged
packi ng CERHTPER G Sl £ Bad Thagye ERHABLTHE St M 1neTAEFe OGS EILNET
one edge isddpdiest inerrhedrewitieshe antthean edge of at | east one ot her structured
packi ng el enent. -13 06360 USA 16. A process for exchangi ng mass and/ or

heat bet \jo8s1]t wo ashbthietl smbodiptérs showre prtigeres B¢ awi 3B, fseuptitrisnl dagrel wkhdt one
exchange caol wherein fluid-fluid c - i a t one
str u?gur é’@%ﬁ’%ﬂ%&gﬂ%bi%ﬁ t’i‘? g?%%fgteg%ieéf ﬁ*ﬁ%’i"ﬁ’r& ed;‘Et %gélﬁﬁﬁgﬁiee ;yér‘%’e%[flérﬁgil ng at
| east onehedgen Enmips BA. A8 dnndprionesderurdshl Samag dg uothet in lteeBat facking ot her
structure acking element. 17. A prqcess. as_in &l ai - | id
f1ui ds flsg\ﬁgbgﬁ?ﬁ riaé%fﬁ%‘ﬂ‘t"r%/s'ier‘?wt%Eq%%%"éﬁ'&édeco éﬁrﬁﬁ%ﬁﬁ F\@‘.% R 04 for
assenbl i rgsamprekie thyeeCifi pagking, @ thx dhyengarectdaked ondoprpt éaihmghehwitisiéps of :
provi di ng t he -exchange l.umm_havj n 1 ongi t udi nal [, Se A ing in the
exchangegad‘ﬁ'lslﬁ’ﬁﬁ'aga ﬁ"ﬁ?{‘?%a'wp‘@fm@t"ﬁﬁ%"ﬁﬁ'ggh epgc eﬂf}bﬁl}eoﬁ% érrsicg?%%ﬂgéfi rst
st rugour edtpankintgmekie beciusea! itigserratiopper bath thedge aaddpttet adges®f er mesh
with a gea%?agcaelnlt Péyé’r%f ]H‘Ié: thé%easﬂ’n%?se rqct)t Json\%%aequggs in the case of slots (Figure 4),

but is enough to improve physical contact and liquid drainage during operation so as to

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

[0052] As shown in Figures BA 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 14 |

inside the siots are used.

30 [0053] Asshown in Figures 10A and 10B, one variation which can be-applied 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

.9-




of a secoR@3& W&ét ured packing elenent; installing in the exchange colum a
second | ayer of structured packing |ocated above the first |ayer of
structured packing, the second | ayer conprising the second structured
packi ng el ement having the | ower 20 edge adapted to intermesh with the
generally vertically adjacent upper edge of the first structured packing
el enent ; Wedifieg\direryot the PREkisg sheste Sudace teriire soprues tedigidiy\iithe each ot her
al ong the | a

g moB L E[}EJspr@?ﬂoﬁ:'s %hst&;[? fl@rﬁ ol mﬁfkgn%%g%?g'lej rn@ st

| ongi t udi nal axi s tantlal y para to t udi nal axr's of the 25

exchange Edtb'g!dg‘;?rn é\A%KOA Eéﬁc’f‘rﬂ%%e %ﬂ&ﬂ:dﬂ%re& Eﬁcﬁah fsrddf-‘etnqﬁ?&gﬁa&fk' ng

el enent ower edge o structure acki ng
el enent . n@ghtﬂeqmtaﬂmﬂ tg @rthemenﬂaanltatﬁﬁHﬁjPa\ §hewﬁuﬁ-@T paetansghe heigbhef

Conprigi ”Qaéu{@ Ay HrfSa Bémgg%o at'?lgr rres(%ﬁé\%dhﬁ'“ Lvla%ﬂﬂo fige edge;

formng in ate a nean east one edge of the
structur e@brpmmqngct'@lnemnhnemd by amhemiptmaéptateeda@ tefm heorstcal platecmegres

packing e r_I j .pl at e,
said cor réggﬁ@éfrp elsnge%"%%rgraj%(? aH§‘4\a ﬁgg}:ﬁ%a?g{geéc}% hQ/lgEOHsQu'bofs' I!lt?l ally
paral | el stedaans anme.in mmhtanumt fibe sfrmﬂentherf-@'ﬂ a;fga patficuan packingdor 2gpeifime :
colum fo n Al r, the
exchange SRS gisines #f8knne pRbFReatSt MR Gt Bl HEng AR -

havi N andegearesedtiethertETP.second st ruct ured packi ng el enent having a | ower
edge adj acent the upper edge of the first structured packing el enent,

\(/:\ﬁrrpribsi nk§065k §WQmharfparamehefsmmg:irtimgatqmm’@rmed@arandpoh‘eﬁWQiMKv)eﬁr@e, )
W h oxcrh s e RSB AB iof Bl el e FOUE HaBiRO B B hehp] héEHSEY

structur e‘damracdelumgyéiiﬁlmdﬁfmwlabfd}llmwsrmdl fied | oner edge of the second
structured packing elenent. 15 -15 /NcMZ/N Z/N Z/NM Z/ NO W N Z/' N Z/ N w NM
ZINO ZIN W N Z/N w K, <Z/ M0 Z "UWM[pER|- 03 9u" v:
| wr Y] ca] ca) cal calca] ca ?% . C caV] ca] caU
ca] o calB5i%a] calbea] o] cal %g 8 AL R F MeSRbePbeaAY i Meal dak

. section

Py = density of the vapor phase
Pi

density of the liquid phase.

20 [0056] Figures 11 and 12 compare the performance of the structured packing of the
present invention to the 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/it 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 11 and 12 show the 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 performance 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-modified

-10-
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Ly"| *, b>zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caU] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca! dl P4; Y\ VgnH. =

“{vql gb] Vkf a\ WJ] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca] ca] cal] ca] ca] ca] ca] ca] ca
] ca] ca] caV] ca] caV] ca] ca] ca] caV] ca] caV] ca] ca '
f1d""[#| pestpgdoaspepadding Witk mﬁfﬁasmré@rngsr@a]t@&yw laygre stpvaresi¥g¥aj cay
ea] cal cal el cakpalrglf pucallisa gk bhaalieascall cal cal ] cal cal ca

"#(>(E [ H Q0011 13ztoj e [V]ca] ca]ca]ca] ca]ca
;J% g:} g:} gét'}:@ ﬁb]?% hﬁ@é@&%ﬁ%ﬁi%@%ﬂé@l%.ﬁ%]nﬁ%fé?dr%%% ‘ééﬂt&iﬂ]sﬁéd:lﬁ@] calcalc

I ====+>U>\ >>07?7?7?7?7, e [V]]caU
] ca] ca] c &niairats e pagseal baetis is apeerteiess vl & %QF%QF&W@ ﬁ{ﬁn ca] ca] ca

] ca] cg] Uj d hdt! th th
8BBBB§ D%@E%L@quouﬁp fﬁa}{lorf\?m b\?vrmn%ce]lm 5 eanswn ) e%ca] cal ca]

ca] cal] cakopé end wqecdpqape@mmpmylém&w w@l]%lé}i@mu}!ca re%?]tbafe'é'} ¥ea) cal c
ayl ca] cal.
QqOODPP+d|%@9&RJ SFTTTKURUUUVWEWAKC X Xt XYYZp[ [[| wwnhc”Y]]]] ca] ca]ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caljca]cal[;
\ b\ e\ h\k\]reran* & {" " a&alaaaac%&c. c8c?cccdde8e{vql gb] X]]]ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca]ca] ca]ca]ca]c
a] calipal GadGIReeRA-dsbdobdtaRasvpadedonBhack Di Li Viiijjj . kkk
11 5m xsnid_Z]]]]ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 5Smmmmn’ o- pppppqr Prarrrr9ssst
u?uuv[ vvvvw2ww} xsni d_Z]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! www&xi xxy[yyyzczzzzzz{?u
uv[ vwwvw2ww} xsni d_Z]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

"M ni K-sm' 10%&' ()-nm'109& ()-inm'10%&' ()- 10%& ()-v

109%&' ()-109%& ()-$10%& ()-n| ] >-sni10%" 10%& () - | d$10% i & ()-z'rp$10%& ()-!
kf $109&' ()-z| D10%& () - V$10%& () - 09u dB sm'10% c*$10%&' () - (109%& () - %t 109& (
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intermeshing comprises at least one serration in the at least one edge.

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

20  serration is blunt.

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

serration is wavy.

25 8. A structured packing element as in claim 4, wherein the means for

intermeshing comprises at least one slot in the at least one edge.

Q. A structured packing element as in claim 8, wherein the means for
intermeshing further comprises at least one serration in the slot.
30 _
10. An assembly of structured packing elements, comprising at least two
structured packing elements, each of the structured packing elements having at least
one edge adapted to intermesh with an adjacent edge of another structured packing

glement.
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generally 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
15 packing element having the lower edge adapted to intermesh with the
generally vertically adjacent upper edge of the first structured packing
element.

_ 13. A packed section as in claim 12, wherein the upper edge of the first
20 . structured packing element intermeshes with the lower edge of the second structured

packing element.

14. An exchange column for exchanging heat and/or mass between a first
phase and a second phase, the exchange column having at least one structured packing
25 comprising at least one structured packing element having at least one edge adapted to

intermesh with an edge of at least one other structured packing element.

15, A process for cryogenic air separation comprising contacting vapor and
liquid counter-currently in at ieast one distillation column containing at least one mass
30 transfer zone wherein liquid-vapor contact is established by at least one structured
packing comprising at least one structured packing element having at least one edge

adapted to intermesh with an edge of at least one other structured packing element.
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17. A process as in claim 16 wherein said fluids flow counter-currently in the

exchange column.

10 18. A method for assembling a packed section in an exchange column,
comprising the steps of:
providing the exchénge column having a Iongitﬂdina! axis;
installing in the exchange column a first layer of structured
packing comprising a first structured packing element having an upper
15 edge adapted to intermesh with a generally vertically adjacent lower edge
of a second structured packing element; '
installing in the exchange column a second layer of structured
packing located above the first layer of structured packing, the second
tayer comprising the second structured packing element having the lower
20 edge adapted to intermesh with the generally vertically adjacent upper
edge of the first structured packing element; and
moving the first layer and the second layer toward each other
along the longitudinal axis, each of the first and second layers having a
jongitudinal axis substantially parallel to the iongitudinal axis of the
25 exchange column, whereby the upper edge of the first structured packing
elament intermeshes with the lower edge of the second structured

packing element. -

19. A method for manufacturing a structured packing element, comprising the
30 stepsof:
providing a plate having at least one edge;
forming in the plate 2 means for intermeshing the at least one
edge of the structured packing element with an adjacent edge of another

structured packing element; and
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_ modifying the upper edge and the lower edge, whereby saig ;pper
10 edge and said lower edge are adapted to intermesh with each other; and
intermeshing the modified upper edge of the first structured
packing etement with the modified lower edge of the second structured

packing element.
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