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TI TLE OF THE | NVENTI ON: ALTERNATI NG CONVENTI ONAL AND
H GH CAPACI TY PACKING 5 W THI N THE SAVE SECTI ON OF AN
EXCHANGE COLUMN BACKGROUND OF THE | NVENTI ON [ 0001]
The present invention relates to structured packing
and to methods for 10 installing such packing in an
exchange columm. The structured packing has particul ar
application in cryogenic air separation processes,

although it also may be used in other heat and/or
mass transfer processé'éT'-tﬁw@FTﬁﬁwlNMENTl@él structured
packi ng. 002]_The term "colum" (or "exchange

col umm' )ALaT HNGeF @NYENTEQNAL ANDIHKEGH OARAQITY ®ACKING
fracti onatVEFHIBoTHESAME SEREION OF AN £XEHAMAE QOLLIVN
wherein [iquid and vapor 15 phases are counter
currently contacted to effect separation of a fluid

m xture, such as HFACEHREAUNDPFGTHE MVERBION and | i qui d

phasei q packi ng el enents or on a series of
verti €Y. shha@sentdgensen miates to stouatured packing and temethods for

m@talumg sdcﬂ%%](m'grhﬁ dneExPhakey Blmp ec‘ﬁ#é)ﬁruén?rred {Aagking has particular

qﬂ{ﬁo means a zone ;M a col
B GRYPTYI &H@Q%’P'C aif ﬁ%oqré?ff’f‘ofrm%e%rﬂtb@uw lwm maybeaused in other heat

aweirbi masﬂraris?é‘r(i)r@éé%?se@fhat b utillgé‘%ﬁul;ﬂﬁ‘n%g g%gkl?{%\por

di st rt gghors respectively. yacki ng"
meansl® d omentsrmowob!am é@f Exchangeatodumn™had usid éierein, means a

cisttipto d;
htﬂ!el dr:3 aﬂ;ﬁe;cﬁlglgéeﬁcgl;téo?mrggr% 15‘53 E@LM%r i ﬂﬂvﬂﬁﬂg@ foid and vapor
%ﬁ%?éer CoHmtenrurenticentacedio ¢ffﬂcél3mﬁféﬂm1‘| anfipid mixture, such as by

c[mtermﬂg ottheeapor drﬁM&q@fd 6%@595@%5&:‘1 ghfsctgg; %%%F f vertically-

' St
S%ﬂgﬁtg% Sp%c%?alﬁﬁ mi@%ﬁ@ﬂi@a@tﬁ‘gﬁ ﬁglumrmgfeu n indi vi dual
menbd0603f0 NThe tdrmvEolain sBaidr '“ﬁctu@ﬁr?]%ﬁﬁé & Qége in a column filling

terortotecou axl s.

to.ea
Padicuaeseolipn or 208e gods atthehquudand
Eeirn Bielfess Hhefov o obe padiewRessolo
vaporfchstabtaosaes;ﬁcw@yt vol une that are |oaded at
randi ddj %\f?l . 40006] "Structured packing
mean 6% ki ngh ENePac r}gdmﬂaﬂﬁlﬁP“qﬁri’@é@\&,bﬁ@eéofmedetermlned size,
sbares; iahd coniigueationtused ak @bRirin'i ﬁtehihl@f?scd?o fl@ 8 rf&%dar%é)fo'% p’?e liquid to

‘%L ?’ééf §1tt|;l tured acklg(Fg usua are
S5 9&,5%’6% Intgtiate GrringsouRlerUrentiaveehiwo phases.
Typdmastjcfasseswypaauws ar@3rad@bmohndsiibiesy . [ 0007] In

procro'i,"b $ su. s di S%I | | ation or direct contact
cool I'ng, i REGYNAT HgartRagking whereinripdividua dnembers do not

hayeec iy gathoulpr onattatldremlata'ldo BRA RGNS B thBSoNRRA axis. Random
&@H@E%’?e &\b\%}é\ho g{ﬁl d an? vapor streans. Structure 3
e Rl @0&&; (NE A€ 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 made of thin metal foil, expanded metal or woven wire screen stacked in layers or
as spiral windings.

[0007] In processes such as distillation or direct contact coolmg, it is
advantageous to use structured packing to promote heat and mass transfer between
counter-flowing liquid and vapor streams. Structured packing, when compared with random
packing or trays, offers the benefits of higher efficiency for heat and mass transfer with lower
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packi ng or trays, offers the benefits of higher
efficiency for heat and mass transfer with | owner
pressure drop. It also has nore predictable
performance than random packi ng. [00081 Cryogenic
separation of air is carried out by passing |liquid and
vapor in countercurrent contact through a
distillation colum. A vapor phase of the m xture
ascends w th an ever increasing concentration of the

PERESURATEDI liteaisrohqromere redietagle, pemiotmanenthamvrdidemepdeking.

l'i qui se descends. with an ever . :
i ncr eggla&a 00;1&{: c}rét% ﬁlg{geéhraggn PE%" el le%t gy pagsing liquid and vapor in
coupiernemest ¢antagt throughoredistiliation c@mngﬁ@hb@%a@é otthélyrﬁxt?re ascends

u an aseous Ses o ,
S ey M Ereb g bl ds il o SP u SRRe e et ayfooen) while
bewidedase loé the mides. dds@00dlwithann®et iresasINY doriéesFation of the less
P RHEICHfBUnERE e DL oRARR]. Jefigf® naiagar brs muitbecioas bying the iuia
§ﬂ@@ﬂ@f¢busemaseam the nikte seinfooddntact tmacobmpasrvmas@ttsnsfer between the
ﬁéggg of apertures and/or surface texture features

med at inproving the heat and nass transfer
ef fi cl098y. AThexwsplcemafontyhised stnetoéd Packing ld:bﬁsists of corrugated

?ﬁ\’iﬁ% B?mbﬁl dt ﬁ@%ﬁf@ﬂ%dr%b’@%g ?Tf.?sp I\@Jt?ﬁ% énﬁg(? yertically. These foils

ey have yasioup farkisrog aperturss &rm/@mﬂurfhcmm refebivceainkey aambrovmg the

S5 RR0  OER A TTIEEH oEE cn s o

inS. Patitiadg, 2?6}O&Q)IM¢Iar)c dnalemis welkngwraint the @rior art that mesh type

S LI plesgpragensares
g Backing is much mensdixpeesive @ag ewst &ildype pdekingt he base

and tep16f €af rbo?’n%ﬁtl gjﬁt ﬁl:acﬁéé C#orf”g%%e‘ﬁs %iglﬂ:gl{rﬁé a(chln% sheets are

The bricks are stacke
Jusstantialyarifoan insheighttanddave atraaghg:ut 20gds0@ 2] furishddifieal edges) such

thaotes Eaélf ardftbp 6 é’efcﬁ%e@%‘%r'ﬂﬂcl@ﬁ@ eBLé"]-ﬁ"S@r If%ﬁ t 'Pﬁete%lcg%?rl%sgacked one

sui tabl e supports I de an exchange

PHeR Sfthetherda fOTAULﬁHQIéﬁf strugjured packinde r ot at ed
rel atfpgfyt Wlbléjléﬂs% ofsﬁuf:tﬁ@éi dg&ﬂﬁiar@ %%S& bé’tWeSﬁ&u%le supports

and m xi ng vapor” and
RS 8D eyl angeq@nl'emarﬁ@ forape rpadkeﬁ $¢dtanorﬂsijaueet layverserday be rotated

rabméetoaé&h*lﬁhéwo Qﬁﬁlhatﬂaﬁ?gﬁé# spﬁe%%fdtgga[hdt ﬂlx[@gcq gﬁuhand liquid during

uids in a uniformfashion into
"?B‘n"[“(ﬁﬁ’fﬂtw‘f’h eiquichand yapopgistibiriors %ﬂeenﬂaqucﬂbpvgam@below each packed

sbttiontte %éWsddHQIuid%Sh alAREM fa@hfo'w Witd trfé @%ke étf&ﬁ
i nterfac bet ween successi ve
pac ké%“‘é’ict i bhe caracityofatiupturagnac laﬂllsé!rmtedlbmmeerasetatIMO fiuiid flow

at ﬂﬁamtérbécéé b‘éivﬁéé‘ht $liced %ﬁgé}g of%ﬂa@ﬁlﬁg e Cj%ﬁ:i(@@%@cﬁdﬁ It is very

ort

dﬁ%{%%f%@ lrfqgea@ﬁpe EARASHY eleshuetiradpacking,sinaecdundreagetimeapacity allows
fd?@ﬁé uléé of 163§ %Mhéi&e@%ckaﬁ@ 5’!&%21? Lﬁ\fe'n% %%L i fedr%c ng fhe cost of

I t he capacity of I'ng 1's
C‘W"?q %d'ﬂ'ﬁ gepavation.
[0013) Usually the capacity of structured packing is fimited by fiooding. Mass

transter flooding, which is the premature degradation in mass transfer performance prior to
the onset of hydraulic flooding, occurs when the mass transfer efficiency of the column starts
deteriorating rapidly with the increase of vapor and/or liquid flow in the column. Hydraulic
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transfer flooding, which is the premature degradation
in mass transfer performance prior to the onset of
hydraul i ¢ fl oodi ng, occurs when the mass transfer
efficiencyof the colum starts deteriorating rapidly
with the increase of vapor and/or liquid flowin the
colum. Hydraulic -2 flooding occurs when the
pressure drop across the packing bed starts increasing
rapidly with the increase of vapor and/or |iquid

filboding pEAtdvhbh tHeprégtoved rbE :éﬁl'g\s:s: g% dgfe:kiﬁlé tr:gcg §étg gé;ig&rgéﬂﬁg rapidly with

%@?G%ﬁ@%{@orégééféﬁ Eéj“i‘fﬁé'f"vi dual packi ng sheets.

Typi c@00vapdi f it adno@nFrohtBb BHSY arﬁpéeﬁﬁ'%’ga‘:ﬁ%gﬂ cg%guctured packing can be

i gh h d
Bk by FORIRRG trscoRe aae sl prgkies shoets: T pigatmogifcations include
natleedt h - t .
ﬁ]g%‘ff% W.Céﬁﬁmg??eﬁgpﬁﬁgﬁsﬁgzt@bg ﬁ{%ﬁ?e%éﬂgﬁoiﬁwres' etc., which
PR %fﬁévpol?ﬂ'vav%% 8stbg hotfor, of allpgheets\prat the top and bottom of
Bli&GBAMYSdhdeds.| | B , .

(B! gu@ggﬁémt}, et’%ﬂﬁ;@g‘gﬁg?bﬁmﬁ%f?gﬁﬁ? Hisclosed n U.S. Pat. Nos.
8&3 la’;;ga% ) B¢ Eﬂiaef ?bomeéh T%QE‘E @Hg?;@g{“é:@&é’r)yom%@pgmcahons inciude
C ill-fgm (ST d hggé',et i i
é’é 1 g O, P rbgnm)f aenrgsl nt 'er.nati oﬂgﬁdls&bs%d in EP 0 838
ipp i (I:Yg§ ] gﬁ 3% g%%@%fgf a'ﬁé’?) and tamatienal ApRliGadiag W 97/16247. Al

sustienddifications arevagdd Mmeduck & waBthaPQTdl PRrAtidR Y 688 i
A\t bggﬁa il 8§0 ﬁr@ drop in the

L.n.the, transitions. is.reduced. , ) At
FRfonS  Rver” B0 HEsdian i e dort inngeder to maiatisy good mass
transfesr performante iits is;jirpmﬂag_tt?_tmaitﬂi_tdimtaaitﬂat fog lwilet ®BKking any edge

Lo . ny. edge. i fications to increase
ﬁ@@%ﬁ%‘fﬁ@%‘ telerPitq caraity- DreietioD®! e Brcked Calimi 457 eeasswe drop greater
thiaro 0. 7gnefawater per fdudis @uﬁng mséwiaeltt:emﬁ@,gé 19:309 tﬁlliﬁ@gﬁﬂte’t al) and
e | 1 N a a an
217,507 R L RhyindWi. of ol gk paleri g0 8eHREk whtreldny opuetioms of the
Paslseg sheass ei'mmodiqu,tdmd cb\j\oﬁs wnsremgbonrﬂme g@@@&im@oﬁgﬁfﬁhe packing
and cases wherein both the tops an
S@%@f?ﬁ%h@?ﬁ?ﬁé packi ng sheets are nodified. [0015]

Al t hdOjtblt heAlilquabithe cagfacityohcentdntiond cgﬂg@&i@@&dtﬁ]{i:tured packing can
f; i ncrease nodi fyi ng, ,
DE AT PO ISP as5t Bt B e85 ek kngd auifed Rign-capacty
PACKNG degsandt@pways scale g relably froo labbvsyry seala lsmall diameter columns to

kgl 96 SHRUEH BEYRET SR bRl Bubro ot e

Colp mﬁﬁ_sgaﬁf Y expesimgrdationrimamalésaate iaberatorydolumiss cabadertitylgeometries
tHRX BRY 4156 S\ifbl PRy P&oosl'ﬁ?%% tr r?s‘?ér%elﬂ?&ﬂé te? %pigeot}ng IEHE;S ¥ %r}n capacity

identify geonetrres are a
S up reliebiye the arase rtranstes pevitinhancehman be uepiedictable in large scale

RS it eofd! dbuin fleifls kit e eBRadle the acvantage
gsm%mﬁhw@r&a@ew@am@m packi ng hei ght is expensive
iaﬂ d Cfabgggllnfs Q’F i§ deBife PR 27 %sséfbly sl e %gc&iﬁgc {nea%sgxchange
column which significantly increases the capacity of the structured packing without any
significant degradation in mass transfer performance of the exchange column.
[0017] it is further desired to increase the capacity of a section of structured
packing in an exchange column by reducing the resistance to fluid flow at the interfaces

between layers of packing in the packed section.
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[0016] It is desired to have an assenbly of structured
packi ng in an exchange colum which significantly

i ncreases the capacity of the structured packing

wi thout any 30 significant degradation in nmass
transfer performance of the exchange colum. [00171 It
is further desired to increase the capacity of a
section of structured packing in an exchange col um
by reducing the resistance to fluid flow at the

i nt er f[@048] betipewNfutpsedesired t&@&'dﬁ&ds@mb%f@ﬁ&&@%d packrng in an
IS st desired to ha

11t [ further
Zeﬁeéé’%ﬁ&'wm‘iwg ﬁ P[Pe’iq?ﬁérapfﬁx\%c{&eﬁfefwc&@veasa%mﬁ@;yenuonal structured
@acking atdmec h prow des i nproved performance over that
of co Wﬂ#l onﬂ ﬁtured acking alone. [0019) It
is stitt¥urt A&§S ‘éH eI desitehiNava anassembly\pf siructured packing in an
sichariger eolupac whitd stiovah imProfed e &tleY BRaMBlefiftics for cryogenic
nce characteristics ?

roved rf or
S"‘B@%&ﬂﬁ% S“é’bﬁ? 36 |“6$£ In alf Repardion rasidorataar htﬁit ang/or mass transfer
app@aivmon, and for other heat and/or mass transfer
appli is still further desired to
have i@i&i n'égiﬁq@%@ref desitroda hawe RN AGS§MPIKAf stasctiresh gacking in an
emhamge whiuain e owmn@mﬁnpbf tlg? ?tffﬁéfltﬁso%l\r;hlbtgés%%vé’rﬂg?es of the prior

s _of . the
2&%@@%}% 85?%@8[?5%"@@9?%”5 188351 It also is
deS| r 0219 havalsa ieaidangd o6 héﬁé nflethod @F%sbﬁﬂnﬁd bh#9nstalling an
enﬁﬁf§ﬂ$&%t°f struct ured cki ng i n an exchang
corl Uiq Brolna e ianassaiime whichiafierdseetier performance
wan ffhe ia:;tctr araadd which fal? cﬁ@:d@%fbfsqﬁéfﬁﬁc%fgﬁé‘ﬁlﬂ%ﬁlnb@ S?d disadvantages of
i sadvant a e prior ar
'ubgl% Lde‘?'%é?e i’ﬁgerﬂ"e’“‘&'&\@ﬁ?%gﬁﬁ eldis s, 15 BRI EF
SUNNARY OF THE I NVENTI ON [ 00221 The present invention
is an assenbly of may be
used in a process Fﬁ%& é@b@ﬁé@ﬁ%ihﬁqe‘%ﬁ‘%%n
L|ror|e oc r$|I§Q22]or gxleipwagnhlgvemﬁﬂ |58£{nfﬂs©é?1bw stnhﬁiré@ﬁébkﬁ]ﬁwvhlch may be
um for ngi eat
o8 or s 0B EE B30l Fbed B S hocs ancior e
%WWQIGSWU a0 mefmg? cmufnnd@aaxar&af@ﬁyﬁbaft and/or mass betweena
structure
exgﬁangg&%SSEﬁ%ﬂP?%gg3¥h$'gpéhﬁ}ﬂsﬂﬁW§E§ ng%ﬁgagﬁaangan
agsemaly ohatsuattired ipackisg evesl qxchénge ccdmnenmbodi ment is an
asse of I neral ly vertical
adj a %ll ay gpgljeo 8 gﬁrﬁ cglE @Qﬁ ﬁ@nat@é@rpf |"§%/ gpsembly. A first
m%mm issanzAsgeablytof a pfu rgmrmrgahdamnmaumyn béihtent layers of structured
pAEHiAG U chI4yer frichiues a PR &y s generally horizontally adjacent structured packing
elements, each structured packing element having an upper edge and a lower edge opposite
the upper edge. Each layerhas a top comprising a plurality of the upper edges and a bottom
comprising a plurality of the lower edges. The assembly includes: a first layer of structured
packing, wherein at least one of the upper edge and the lower edge is modified on at least
one structured packing element in the first layer; and a second layer of structured packing
located vertically adjacent the first layer of structured packing, wherein the upper edges and
the lower edges are unmodified on substantially all of the structured packing elements in the
second layer, whereby one of the unmodified upper edge and the unmodified lower edge on
at least one of the structured packing elements in the second layer is adjacent one of the
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25 el enents, each structured packing el ement having an
upper edge and a | ower edge opposite the upper edge.
Each |l ayer has a top conprising a plurality of the
upper edges and a bottom conprising a plurality of
the | ower edges. The assenbly includes: a first |ayer
of structured packing, wherein at |east one of the
upper edge and the | ower edge is nodified on at |east
one structured packing elenment in the first layer; and

dneditesheddesyie theofirsslyarct ur ed packi ng 30 | ocat ed
ured

‘F’)SEL: ﬁ@bﬁ%hggj(ler?ﬁ e?rﬁ]%gfoﬁ %&]gr@%}&g?%gkﬁgnft pﬁtb{a %g%%pb%@é le@st one of the
atrgcuratbpiddkirgrelemestsbis tcanupatet yeddh copfughifed §ﬁJbM€éde§<§<mg element
TR Rl PR U A i ados et

@agionaf at Iaastlommrfamofdlﬁe thveugited stucteed @mkigrtglement In a variant of

?#HE %ﬂ&fb glt '%Sé o%%oé} ga%%%glpag ?;Jgactﬁ%] B@ggfieqoqg of {fe at least one

wstivéteredopacking hbrrfan: SB’( tr:m’ﬂmgllmﬂtls Qiodifl@@ Wﬁ@ﬂﬁé ¥t lédst one edge
e cture

VAR08 B4 YL BRI, 5 L SSD et crance

corruga
ﬁrawcnagtoa appler alsetrgticar, an apemgat arahan S%apétgcc&mg@rmt I ng

peaks tro St a
| east [@r?g] sur #ﬁ%c@m%? (’ﬁ"’gw S {’"335%‘88‘“9{’?"&6‘3 H&Ea aﬁ%?dﬁ‘?')‘rdhe second
layenehstructured paskingnig ratétedtatian armle edlative,to ahe hfstlrdyep Bestructured

d f t
gé]celérfbgtll;l%&%&l?e ‘?%lg&?n%'&g' {gﬁﬁblee:ﬁ ggwlgepl thgtaqtg 5\9& ra%pgt 90°. In yet
ahenvadaisn, atieastgneaof ﬂ1eaﬂd|fmuezdgels}ef at el dnieca tHeQsfructured packing

B8RRI i St 1By haLR AN LU eii Rnich L iSSln Bl aggut 15% o a

corrug
*afi’é%whboftaﬁatrmtursamape@etemanugat|on 10 [0025] In

anot h 28]3[ 'hgi %@nG%nﬁB&rﬁén‘i g thg EF%?’M]E Vis &lr?)ll% iahtﬁa fifst embodiment

assenbly,
B ingluslgs athigHayergf str uczﬁulrad packinglocdted vertisdily hdieent tHe second layer of

ﬁﬁkﬂﬁé&é&%ndﬁ‘é‘féd&ﬂon 5;?}) jted g'&' zay%[)oft EH.@B@Q E:'Fié?lr'%pmerem atleast

t he a@g e 1S between
aRR1 ke upRgr edgesnd the 'qvéiﬁ@dg@ iremodifiethon mbleasi @e stghsed packing

eMménit |h¢l¢éihu@lr18yé?f whé‘r% n@?ﬁ He egf 8@5 ?ﬁ%’dﬁﬁpdﬁk (';[ﬁ)'ﬂ'éf ebd and the

the first |ayer
“A‘Hlﬂ?ff'eé Jowey %6 9{1 ﬂlei%leﬁst @ne afhe sirw,qtura@ p@mngcﬁlemamzts in the second

@ex tecAapiit B¢ b1 1 nilMERUdgeb HARBInif g oNd embodi ent

of tt‘llﬁ ﬁsen‘ol is simlar to I'rst enbodi nent
but PR3 desAdhird prigogisest isoan Ssaeaﬂllwﬁfajplpmtswf@eneralfy vertically

abfacéﬁﬁa&e‘@éftdtr@@!u'réﬁ &é&kﬁi@e%cﬁ Bg eriRARNRY ! ﬁ‘J¥ bener?lly horizontally

acking at a“locati on opposi

fruct
afliagent %WC&F&%@%W%e!ﬂ@@MSngacmmmcmrm aacl«rmslemeoﬂmwfg an upper

etifeanPp Rivee 686 Gifdshdtel fedged g 2?4‘ &{}pﬁ'
} ast one st r%ect ured aclﬁpﬁ eog% Fbl'?la 2 a?%: }scpgaplurallty
t@f‘h@mﬁfﬁ?@goﬁ plurgdity o MDWeeeﬁgeppé' he assembly

lnetdlyeS azmﬁrst lager df Bﬂ%i’dihrfeti ckify¥&h

H? 8 he gt ruct ured %gc 'I e e%n?@pw&lg%e né@?eélh\geredgeare
moaifie on at ieast one structured packmg element in the first layer; a second layer of
structured packing located below and vertically adjacent the first layer of structured packing,
wherein the upper edges and the lower edges are unmodified on substantially ali of the
structured packing elements in the second layer; and a third layer of structured packing

located below and vertically adjacent the second layer of structured packing, wherein the
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| ayer is adjacent one of the nodified edges in the

third layer. [0027] A third enbodinent is an assenbly

of a plurality of generally vertically adjacent

| ayers of structured packing. Each layer includes a
plurality of generally horizontally 25 adjacent

structured packing el enents, each structured packi ng

el enent haV|ng an upper edge and a | ower edge opposite

t he upper edge. Each layer has a top conprising a
$iPREBEdGaANdS eiqw_er@gg@ Aregigdifechonl ablebgttone stractomed sicking element in
hd %q\éyepy of the I ower edges. The assenbly

includes: a first |ayer of structured packing, wherein

t he ufP@d8ledgéneather aspect ofvibe mdg'mrafsean emdarigeecblarnn #dr exchanging

| h
AR S A A 000 SRR L ol L coam s
IRash RNa FHUGturad Radking wtlan@nmptltmeg fait lestst loay erssedbly of a piural:ty of

ey N T
§F\b9€mﬂﬂg&1|0friﬁ@ RESEINKY envatiationsntheteef.second | ayer; and a

vor | RS oY eaidtion AERCRER the dven BT ey grc%{cggvseg&dcmgemc ai
peraalny, Cmﬁmwonhetlng\apapwIlqauﬂg:euatedcmrfmtly vt feaeti@®@ distiliation

SO 4450 ! 9800 AL AREC, G, gy comac

el enment
efiablishod by aﬁﬁastgnaatmtma ngeking$antion temprsingatiershone assembly of a

blaﬁmm $éﬁ?éralﬁa§e°rhé%‘ﬁ§ éﬁ‘?gernﬂ l{})efsséf sﬂﬂéﬁﬁ%%k@ﬂé%?r?&% of the above-

he exc

@%ﬁ%ﬁg%ﬁ@aogmtmg the-assegblycenariatiansghereol. east one
assenfpogoprf &t 'yle’tr #MotHeY aQﬁecg@*Tﬁé ﬁbb%ﬂo\‘l% 4 Pr%%%gél for exchanging mass

adj acent 1ayers of structure
éleaé%wese dwo Buige apmenising mntatrt@gaamefmwmcm least one exchange

otRirhivhert 4 MAE-A6H coﬁﬁ@@@ bstX?fsh@El‘ Bf Qﬁéasﬂ%ﬂ& gttru&ureh gSCklng section

|nventk$n is a process

rayfp&qt aﬁbor@(ﬁpg@ply,qba p’alfﬁjlﬁy qggnerauw\raytlcauy adjacent Iayers of structured
paekHinG &ls MUSHEBE the aBbvalddseMsdd @RBodiiahis J)f%b%seﬂwgly or variations

ﬁﬂl ugn contai ning at | east one mass transfer
n |iquid-vapor contact is established by at

I east[oomﬁ st lTHélteUél@& a@ﬁ’@n?gan%rhé’rﬁ? %Wainétc?}% 8t the method for

f) one F% ural it enera
e\?é‘?’{‘ ing @%Peaﬁy 8d'?vqﬂa9fér & 5Bt empoimentle qoavemcmdgfoagssembhng an

assembly of Agl@bity ef gslrRsaily Jéﬁ%amﬂg%éméo f%l’&oéf %ﬂtﬂ:@tured packing. Each

.%%gﬁﬁgpg%g Bw%oqa} tgﬁﬁé’gl';ﬂr}g'rﬁgfﬁg'w gliacantsiryetared PRgking elements, each
stmmihmdglangnga%menﬂr&m“gcﬂrﬁfppbﬁédge%ijmrfeﬁﬁe Bﬂ)dﬁsﬁéthe lower edge.

A 59 s PR AT RRLA eI e wpsr a0gemansba bpiom comprising a
plesdl@bdfitsd mVéD}zédQés |'ﬁ%§‘hetﬂ6@ fci?ta‘sé@lﬁbll’n%qnél@(fé@ rﬂ?ltuﬁl@%iép%” The first
%@X ﬂangrqa )pq/ag(f ?S#cggr?gee}p% J@%sﬂcg&@&gg [g;ﬁo Iglp%n inthe exchange column
a fiest layerg;faﬂucntured@@cl@iﬁg Wﬂ@ré)ﬁ&M@aéﬁ B8Aé& bf the tpsaraage BRAHR lower edge
IS%OC}IPGG on gﬁeast Xne strt}/c%jreg packlng element in the first layer. The third step is to
install in the exchange column a second layer of structured packing located vertically
adjacent the first layer of structured packing, wherein the upper edges and the lower edges
are unmaodified on substantially all of the structured packing elements in the second layer,
whereby one of the unmodified upper edge and the unmodified lower edge on at least one of
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t hereof. 20 [0031] There al so are many enbodi nents and
variations of the nethod for assenbling aspect of the
invention. A first enbodinment is a nethod for
assenbling an assenbly of a plurality of generally
vertically adjacent |ayers of structured packing. Each
| ayer includes a plurality of generally horizontally
adj acent structured packing el enents, each structured

packi ng el ement havi ng an upper edge and a | ower edge

Jbep%iétl (wed packingRipmengdn theseensHayejsadideest enetad the modified edges in
Gt |lerg a plurality of the upper edges and a bottom
Conprl%gﬁﬂ ﬁlurallty of the | ower edges. The net hod

for adQ@3ling Gfﬁcafadéénmrtaﬁpn&eofstl'epfsst dhbodimest of the method for
ab@inbimgt %Mé)\ydrﬁﬁ At REENAHRIR CHtM ured@q%@wﬁ efe st,%fcorrugated

is to install 1N thE exc ange c
§??%€Qrﬂi@cﬂe%§t@mﬂﬁgd Pabking element he\am a phealiy o!t doerugptiaTs for forming

gRSRaf pbde ér?d‘%u@@ﬁcro%? amt%'h c{h ?#a feg&.r%rgengurface of the

struct ured packi ng
terrygRtag éfﬁuqt'sreﬂ@agbmg reieragnt. iim atuaeaeb(mfnauaqarrammanleast one of the

a@ﬁé;éégigtb%r@ghé’fov%rreﬁgé \OF 6 & BAe LG r‘ég LP\é‘rc:ﬁlﬁb ERnleht in the first

ér first er of structure
I8 Medifigd by BB@FQ ébfg@@ OHA édgfhmodl&ommn eelg@ted frema group consisting of

& reaudicl 'cﬂﬁhpq{él S | nﬁﬂtgealéo}’ruﬁécﬂop‘gng s s\%f}rﬁﬁ&t%%ﬁgnurfe and an S-

ackln el eren seco
HP4tBd upper edge and the unmodi f i ed Iovver

edge [MSEI | Glﬁ%ho%? vé’rfla'tlon &t ﬁﬂ@mﬁg{og g&ﬁ‘%&gnﬂﬁ@( tﬁ'eggecond layer of

(is In the second |ayer a
ﬁwﬂg? § retatedi g an ﬂﬂ@'g relativede the[fwikﬂl}?r afrsduetugacepacking. Ina
vamiayt Mﬁﬂ'ﬂ@béﬁ&ﬁ‘én thet ayld id B&w@@ﬁ%bﬂ?ﬂi afd abbist é@t hI[:iﬂ/et another

I n one variation, | east "one

f
Vﬁ'?‘h‘?!'{ fPﬁ%ﬁé’é‘% ofgthe rBedifigd edgescofr atulgastsme ofsthea&trwctured packing

ebememsa’c #d trdtnayek Haes nimléh%gs 'n@@ﬂgmgﬁ{égﬁg%% Joabout 15% of a

: ality. of corrugations for
‘gtég glg,pthergWe pRgking ﬂﬁm@bst a portion of at

| east[oomq su mfmsn@émbbﬁmeﬁ%ffth{%bﬁl@g$§/r;ar§|§%d+6|ﬁ@ is smlarto the first

ckin a variant o
‘ﬁ%&é{m%ﬂ fi'!f;m ‘EB‘HéPC'%%Geafhﬁed't'w' sieReqf l@&i@lmm thaexchange
caMrﬂreasltlrd)laee!Sderﬁmbwl’r@ﬂpmg 108ated 98RiBAIlY/ da,atc'éﬁt fhersekond layer of

n .l east oné e
shBSecBeRBH =L Fahotibosii e i o s RBIcsPdgacsingsahersin atleas
one o tedupper m:lgda ang{tﬁe lowveE b@g@@dn&ﬁﬁéd&ﬁ%t' l@ébt%ﬂglst?ruct@red packing

aperture ed corrugation
Fﬁ%@fﬁ B 408, kst BTt aieedi 1ok Nomoed Unper edge and the
uamsdifibd lomgr edg\eomm@m &ahfof'@of :11‘9 sttr‘ﬁ:bfu]'tr’é"d pa;cﬁﬁg I@i%‘?r'férﬁ&m'tﬁe second
r ive e firs ayer of
la&?ﬁlgtca g‘ cgﬁt %&cﬁqﬁ% Pﬁeged%ﬁ'f‘g'?ﬁ thisd 13vRT.s vari ati on,
t he 00358 i sA hﬂﬁ\mmdaﬁemis Dembd f@%@éﬁmtﬂﬂﬁ an'a@séfﬁély of a plurality
Eﬁg&ié/lﬁggatlo Jﬁ(irastoeoftem)l
gtafly verically @ye(ﬁ ofstructur blpng?ﬁﬁweﬁ @cludes a plurality of
generally horizontally adjacent structured packing elements, each structured packing
element having an upper edge and a lower edge opposite the upper edge. Each layerhasa
top comprising a plurality of the upper edges and a bottom comprising a piurality of the lower
edges. The third embodiment of the method includes multiple steps. The first step is to
provide an exchange column. The second step is to install in the exchange column a first
layer of structured packing, wherein the upper edge and the lower edge are modified on at
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elements in the first layer has a nodified edge hei ght
which is about 5% to about 15% of a total height of
the structured packing el enent. [0034] A second

enbodi nent of the nethod for assenbling is simlar to
the first enbodi nent of the nmethod but includes an
additional step of installing in the exchange 20
colum a third layer of structured packing |ocated
vertically adjacent the second | ayer of structured

daasktlar@ ﬁtucwré@patklmgl eRPRPS I Betther hydrr Sthel tﬁbf@ %te%fls to install in the
cHﬁﬁr eo? acki n wher n at |least™ one o uppe

BT A S F%“’ Yetied packingrocated !@%@w armh\«;ertlcally adjacent

sthe viicst Uayesd qmaﬂ’actﬁﬂad Qé(ﬂ(mgnbvh'el‘élﬁ h% tipHer abay Ghd éhe foweoll' edges are

the t e unnodit1ed upper e
V}ﬂﬁﬁoﬁﬁﬁe g&éﬁ OZH@étrHﬁthqqsoa&Nng@@gmerﬁﬁ@ tiee seapad layer. The
dourtrc step é@ltcpastlall frothelex d r
} %ﬂ} e of t ath gﬁrltg%(g oéhg‘irheg ti;ﬁﬁﬁltgﬂéjr of %ﬁu%}ﬂ?é% dcﬁlng located

%@E A layer r?é?tﬂzfﬁlfetbﬁa%Wewmrpwghe upper edge

almdalsaeslew’er @dgefara nrddukalohwleaﬁfong Sfektated ah‘lﬁﬁ# bieAkhdin the third layer.
adj acent | ayers of structured packing. ayer
includes a plurality of generally horizontally

adj acent structured packing el ements, each structured

packi ng el enent r ed e and a | ower edge

opposite the up é‘ggdﬂﬁaﬂgﬁfgﬁﬁéf E%WW$op

conpr (60363 a Whelmallamttoyn wu]g b? E@sc?ﬁﬁ@@by ﬂﬂgéﬁe)@ﬁﬁ?plé‘mﬂm’é@@nce to the
rali 0 e lower” edges hir

5?}%&@5@&@5 @?‘Blf]ﬁ Héfad i ncl udes nul ti gl e steps. The

first [003&D i sFigare 108 a\scmnémd%fd?ﬁmgﬁra@ﬁéb'%}?veﬁ%al packed section

?eﬁﬁrb‘}cﬁérfg%r &%y%ﬁﬁsﬁiqt ‘E‘#@vgng thﬂq&%%&%ﬁ?%r@%pﬁgn stpysired packing

elagentsrin eatleol tbwadjaeelmeawr@omKd:khg@rﬁitr@fba%ked Ise7ct10||1e asth
ayer e

k t
One, SHoo88 1 FpBBEIL RS TE Bk Wit Sheihalsorienionalpacked
sastion dn aa;aschang@maimnmmeugmkem@nhmgs espde) paciang wherein each

HGCerE Ao orde G eiudes Bobe it dRmupted siuregageting elemens
rao@f-emaw theddp end thedsattent;i al |y al | of the structured

Ki | he 5 f th
T T SRR CMIT R R LM
Sestjen inodn sxehange cetimraosing gohantibreal hldlﬁtbapdcmndackm wherein each
a‘dﬁcbh@%bér\yl\%@ﬁdcﬁ&ﬁr]ﬁc[w& %rfoq e‘?{q&l’ aéﬁradfe};g:%h@&é rcogug@ed structured

packi n%m
péP'é’”% qn&&umgﬁlfla@ at imibthednp asd thecthottoed packi ng

| El
THE Eoas nas” Byt € 8 Rias dadfely Ystata e sepipgt of the
W”b'ﬂ"@%@ﬁp@@wth reference to the acconpanying
dr aW| , ur e mat i )
di ag ram 1) us?ﬂ%ﬁ] 'Sa(gcq‘%%vgﬂ%ﬂmr'uﬁ%waé@ﬁﬁ F’@ﬁc’d'mﬁ"m of the
p%eéwﬂm@e col um usi ng conventional unnodified
corrugated structured packing

DETAILED DESCRIPTION OF THE INVENTION
[0042] The present invention uses alternating layers of conventional structured
packing (“unmodified” structured packing) and edge modified structured packing within the
same section of an exchange column. While increased capacity is obtained from the edge
modified structured packing, the presence of the conventional structured packing ensures
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15 el enents in each of the adjacent |ayers of packing

in the packed section; [00381 Figure 2 is a schematic
diagramillustrating another conventional packed

section in an exchange col umm using conventi onal

hi gh- capaci ty packi ng wherein each adjacent |ayer of

packi ng i ncl udes edge nodified corrugated structured

packi ng el enents nodified at both the top and the

bottom 20 [0039] Figure 3 is a schematic diagram

i MRIDAINRG poed BMe6s Hensieopertimaoes lespeadllydn irlestriastaleiarge diameter
adkch 9! um using conventional high-capacity

packi 2[8 wherel n each adjacent |ayer of packing

i ncl ud@843Hnot Weplicantse fadetiigt edpelimadifitations logatradured packing can

Srﬁdré'ﬁéémgo r%ﬁf?é‘ eg%&@* &Ee;ﬂ{figggg tagnegg§ %c%@il Rlae Bgegayr%rﬂrop can be

and
i ﬁqiliﬁsﬁﬂr%ttthﬁQamﬁeﬂwm@odmmrﬂlbwcﬁantlt&eputﬂﬁrqmgafaeltﬁe same pressure drap,

[ r chemati c di agram
.°PV‘E§¥%°§?.CRSV§H{89%'%@%§ T ARBE” s en
i nventlPedf] DEVany BDeDERRRIePTOARCa@bNnsTtdn BAWWENT AN tA& the good mass

fh@ﬂé‘f%} cﬂ_:nﬁcl%ﬁr%@gf rtf&%‘rﬁ& f%ﬂrht}dgﬁx?%oap% ?{ﬂ%n% gﬁt)émed in laboratory

convent | on
§? MIEE hich peccusually saadl i dipenatendi Biteslichtadgetmodified packings do not

awéyblbgrfwn% Fé el MPlar lesc?&ﬁrhﬁé‘tyﬁ cafl} §¢ﬁ§g " HBrlications. While the

col um. el ncrea capacl
%’ét'omﬁ’oﬂfﬁﬁ%ﬂe ﬂqmsﬁa&&er@apm Ithemq:y giving thectaegeceolarhng thee expected

R g 0o SRSB4 oS s e
F“% hioRd U} ﬁ?%lIW@c@lSeUﬂCéﬁg'@w exslne packing keiphinmestcse adeesd to industrial

£A10ARY, WHIGH hdd ot IMBdydibal edge nodifications of

struc ured packi ng can "I ncrease the hydraulic
capac W al [isaplesentsia¥ention. adgprasies itiialdreblemhlsy employing packed
woﬁaﬁs? P@ﬂggﬁ ggélfng@ tﬁr %ﬁdﬂ%v?ﬁh&g?sﬁﬁdﬁea %:e/klna (“unmodified”
%&’8@"‘9" Baﬁ'ﬂ%@e@f‘qg %?fmfeqd{iﬁguctummd(md Istanecermbediment, such
lpymk larg usddP4dict MREMalidP 92, ¥he STSIRoIH "fréﬁ?%r‘g‘v%rycé’dbe “modified”

! made such that the good mass trans
racteristics of the nodified structured packi ng can

be ot[DGdG]Ed I!maﬂ\cﬂﬁ@fe%bb@fnerﬁcﬁrf*ﬂﬂﬁo % Cﬂ?@) if%%!: u}O’ed packing is

pac

%Ug e But such
uf?g? pf6°‘1{F )}'gﬁ\!fb? Fﬁ?twpaﬁé“’mqt thensqcae@ cheas ene dhnmtbfled" layer of
strypiucsl padkingnfb svefyatwoddthideabd ) "%nodﬂﬂ-;‘c# Je'f&ﬁof St{)uctured packing.

Fr&?%#ﬁélkﬁﬁgl QQ$ 5'3 ﬁ%&%ﬁﬁ%@z%tppé%gzy{ez gmbpﬁlme@mq qanatlons thereof
arg possithie byampacditiyrent m&@ b AR RmdAR SOMEBNG Sifferent types of
Ia\f/@Fé &Spa'cQInS ?m gl?g gﬁé unmodmed)

[0047] Referring to the drawings, Figures 1-3 illustrate prior art packed sections
in exchange columns, and Figures 4-5 illustrate two embodiments of the present invention.
With regard to the prior an, Figure 1 illustrates a packed column section using conventional
packing, and Figures 2 and 3 illustrate packed column sections using two different types of
conventional high-capacity packing, which are discussed below. A comparison of the
arrangements of the layers in the prior art packed sections (Figures 1-3) to the arrangements
of the layers in the prior art packed sections (Figures 4-5) is useful in
explaining/understanding the present invention.
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fashion. To deal with this uncertainty, extra packing
hei ght nust be added to industrial colums, which
adds cost to the system 15 [00451 The present

i nvention addresses this problem by enpl oyi ng packed
sections which use alternating |ayers of conventiona
structured packing ("unnodified" structured packing)
and edge "nodified" structured packing. In one

enbodi pent such | ayers are used in strict
al t er ni%48h, iThe prighart packedi sectian shayer inf Sigue dr yses unmodified

eﬁgmglaﬁftfu%ﬁed S%énlﬁngé ele%gan[tﬁopﬂegc rg? tﬁ’?%@ %:gtlﬁeé% of packing in the
p%?&%?ﬂae‘ﬁ@” dsegrpeniavsdil ti thy sa\ﬁne as thedowedayeor 1s Tislmiddle layer 117
tig#ie &die 8€ He RtHed thBIMAES 1 PB&! is V&QBQ tS{(]Jb ?eqatn)gét‘é’ fHos@} layers.

structured packi ng for every ree
" modi f50848] | aﬁ—@le§r‘@fa'§h'ﬂﬂ|@ﬂu&1@w Dpd(ﬂdlseg!mn uﬁ’Elgemszes multiple layers

f Ie|db6 thdditickt® rrﬁbéte&‘sirbctﬁ%‘&%ﬁf&b@g F‘Mnt%@ég@@ F‘EB‘HQ the top and the

j%qowrents and variations the ar e
R fithe sfatments.equelidaespankedsecing Bustrated, e adge miodtication is in the

dod @tf #I8- sha\/pf&ﬁco?rfuga% Mﬂé’ﬁﬁﬁns%w?ﬁﬁh% A& GRGhLh! F@ﬁ?lglgs that pass

gh I‘l ed 00471 Referr raw ngs,
8 ugh r\?sS@P%R'b Asrshgwnin F'QH@@(&@ @@@ﬁ&cbe@esnﬁ aw(ail’mtﬁgbe top and the

GottomTes cainek thé Ops&Sayer Bo kah{j1 H%lé@éﬁa)%é/i@ge KPRdiMERLS &S ¥t the middie

prior ar

t t
ﬁﬂy& D@Eh &e rblpplﬁg'\é?egtalég r"]‘ﬂfh HeciRwar |@Yﬂ"dhﬁ moglified @dgem 2igf the middle layer
ad |
sl OB G Ty 1 2 <
et Fong YUAREHRDE QMRE lawfsg’é’cw isgrotaked 90F ralative to those layers.
di scugaosd] bel Iﬂ\»l.\he ﬁld?@?ﬂ?ﬁl‘i—&éb‘écﬂf eégh@d s@étlﬁﬁgﬂcﬁ&?ﬂtﬁ%l% 3, the upper

I rior art section
%9% ‘13:? ?ﬁ'ée p? ﬁlﬁ?llaée t"l?fsat'ﬂfé ap g desmidalet laygerdd” except that it is
wtateg Sﬁ%edatlseﬂ:tth@ Bhet ﬁtﬂéyeﬁ@ Badh layet |é%§§3é*!)f éoﬁe mOéjmed corrugated
Hh’% /un er%t a{z a@ &&?sent I nventi o
%@f Pomegis{mg R%E'ffg Iy an disein Figurei2) whishiare modified
atdoth thnertmlarﬁd ihe boﬂomg hw@ﬂteadteﬁ&é?&’lfth@ ﬁﬁhc@élffé érrWiLh the upper layer and
e.adj gcent |ayers o
tﬁﬁ%f@ c%kéfghg @’E@ql%hy Fygith &Jﬁg%w?q %Xthg Inngmgmgggﬁ%@ efghe middle
laygs alrﬁaaﬁacérmngmddﬂedTé@eﬁﬁd@f@ae'umﬁ@rf anhlower'l SH‘:?Sl 3ﬁ{él:‘modlflcat|on
I r t ed relativ
Fid Raes ' ing inoPSislops wihaged orPe Potchosg shewpas epales) atthe

t@@éﬂ@ﬂ\eslmﬂonwt gach ef gwrtfppér HSERWEY Ia%d%':ﬂ ih ﬂg@l?é3 of
ng el ene

edge fie r a st ryuctured
o 1098 ey “h R R BRnCOrhe piFseqt Pvemiontinusatod i Figure 4, he
neifdigdayes 111 of thdfmrp@ateekttmememckinb jSthe %hl@r@ asthemrRayer 11” of

R earlvehfinehBadihd ol FioBla) deiooRs BLMB Fleaantsyn th middiefayer

corrugati on
af m@‘fﬂwﬁl@s Hdveavep Sesuppehiagergt? df berregéd Ql‘bctuﬁ’éd ﬁeféﬂmﬂ ah8the lower

ld:y'egﬂé ﬁf &rrJgQFedrE?r%{u'reeadpacﬂ% %g m%rd(?legtedggs 12, t'Ihr%ee mteﬁ)'race between
the upper layer 22 and the middle layer 11° has an unmodified edge at the top of the middle
layer 11 adjacent the modified edge 12 at the bottom of the upper layer 22. Similarly, at the
interface between the middle layer 11’ and the lower layer 22, there is an unmodified edge at
the bottom of the midale layer 11° adjacent the modified edge 12 at the top of the lower layer
22.

[0062] in the present invention, the modified edges atthe top of a layer comprise
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10 bottom of each of the upper |ayer 22 and the | ower

| ayer 22. At the interfaces of the mddle Ilayer with

the upper layer and with the lower |ayer, the nodified

edges 12 of the mddle |ayer are adjacent the

nodi fi ed edges 12 of the upper and | ower |ayers 22.

The mddle |ayer 22" is the sane as the upper and

| ower layers 22 but is rotated 909 relative to those
prior art high-capacity packed

0050 In the
s%“it gr? s/h%Wie Halteight @f tB¢ layhie ang fermodified eqges aS&ec’umtom of a layer
tdmndrle‘é/%bohﬁélﬁ?fa%%?ﬁ%rt@tﬂ Hb‘?%lﬁ 3i'th ?aeﬁ/é 2 %gg}sreel% p\/aéfe{ having modified

er 33' exce
EH@%@EB?W% gt kpttopm the rmagléed pdgesambenmise @abget 10-30% of the total

nw)grﬁloemeq?yerrugat ed structured packing el enents
(nodified differently than those in Figure 2) which

are mddP93led Imthesmidodimentilugtratad it Figutaot, tl'umdgétmdsdlﬁcatlon is in the
iiothesf eRamdd dhgBlidd! & ch)g@ & pdfshik él{]ﬁd%ﬁ@%r | ali(%rcogr?lze that there

thelnterface of “the m fayer "W
2%% thery Hﬂnﬁ@alepgﬁdn@dﬁy@éloll%aﬁmah@enmsmﬂl e @fet amebdlments of the

&Hv@nﬁ@ﬁ aﬁéei‘?(gln%%t Hﬁtqlnfn’ceglq%) %f%dl&'"ﬁ h% H@t gﬁ%ﬁgsedl c‘grrulgatlon angle,

| ower
e’ﬂ%wsotmg%@ t segations, apertures.@de.r at ed by the not ches
(showpoasu]t ri pRalESiIy ds?rtatésrh%o r{e?Qué'SH%%ﬁ E&g&ﬁwg piesent invention. In

ach of the upper an ovveraer
ﬁ%%"i'?oq“ﬂ‘eﬂh g’eéiﬂ%bl'ﬁh%'@ Oécommtqﬁ s&eusmred packitigiangd the lower layer 33
fd fldedr
bq é‘;ﬁggt % Sutbirmlzé;c{ %@g‘i‘mvﬁ H‘%dlfl@h gghgs L’f"yﬁ{e r%i%gﬁgéyerw in Figure 5
i Faye @I‘VS'F“O”E@Q’WGQ@Q rW @ﬁure@rmlcklpadayenm ‘shown in Figure 1.
Imthélegmtroﬁlrﬂent'laﬁ-‘ugiﬂé €S aﬁhnﬁﬂ@rﬂ@ﬁ %Hﬁé‘ta'? tHentlogrbf %%gag#e layer 11° is

%@%&%ﬂé 3{'&& fnﬁ?‘i?{gﬁﬂ‘ ke Wgﬁ'ﬁvqef rgheawer ket mnso |aemmaizied edge at
thE botiomwgthieanidglenayet ¥ 9sladiadat Q%oﬁﬁl\éﬁ eH@@“l ] é@qg ﬁog%ﬁﬁvéa lower layer

. The interface between  the up
m'ddl e | ayer 11 ' has an unrmdlfl ed edge at the top of

t he njodase uaym dckedash !

ﬁ%ﬁqngﬁ%%w \ﬁb pa egr |°g§'?9“"é§zt%§frﬁn‘d hfe %ﬁb&ﬁr?@nt%%f%e present
FEE RERHN LH‘P% Aad f5a§/t!!T"teHLnlamert(meel) ofieyers are shown
tb djustraz2thet Jheerlmonswai&htmtm frécﬁﬁﬁ'teﬁ‘iﬂﬂ o la& d(QoéghQQ?ltE)nal layer
ayer cent the

Backfifa 'WO% 1 YR o %ﬂgeeét the tastape phtheleo layers). Persons

shilled e*nthe ammli irenognizbehowslich, gk &?ﬂ@k‘ecﬁ&eétﬁﬁ e{glﬁélo ho ﬂ}e present
-10 about. 5-15% of the tota el ght™ o

R L ) AR S o e e
illugtyated lrtﬁlgpress%am*bﬁ)ut 5- 15% of the total height of the

| aye er efQr. f,0 er .having nodified ed

at bEGwasEFhe %‘g ﬁ‘ﬂ??&e%o‘ﬁ?&i‘%fﬂaﬂ@ﬁé i thegsesygaging of, “the layers of
cerveptionsd paticng (ubModitied pécktrlg?witmméﬁal lelféﬁié tﬁirbgtcﬁﬁaéltv Backing (modified

t
P%:mﬁ) ai%&ﬁgﬁéagggn (ﬂt \“’F@aff% n,egmqogmems iysiratedana/or discussed
hegeln dsettatedy mnegmraaﬁmsis tobhaatfict aREMANEIS(i2K bhé Gshridlifidt® layer for

e} edftd mddiRPRVET. AN Shertidtie%s to have one “unmodified" layer of packing for
every two or three edge “modified” layers of packing. However, the sequencing and
arrangement of layers within a section or column need not be uniform or symmetrical, as
many other arrangements are possible, so long as every interface of a conventional layer of
packing with an adjacent high-capacity layer of packing includes an unmodified edge (of the
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are other fornms of edge nodification that nmay be used
in other enbodi nents of the invention, including but
not limted to reduced crinp hei ght, changed
corrugation angle, various types of serrations,
apertures, etc. 10 [00541 Figure 5 illustrates another
such enbodi nent of the present invention. In this
enbodi ment, the upper |ayer 33 of corrugated
structured packing and the | ower |ayer 33 of
WW%@W@H%W é@lﬁgf?fédi rpediketheddesiobthedg - cmcmlgpm 13.
The m | a ne as
convore onal - far e Ste I S i bchlBE D i inbodiments and
VEFABURNSi % e igygndion are passibiee Fém’emm;althoaﬁnge@nroetlﬁ layas illustrated
UM FRfddd £
S acem apoarr darillefoteRnllel oSl i Hiedeppdpens ofne
"é‘ﬂ?é‘F' B$oMY aiAll efithe faysts mabdawgy&e@m heiplets irobthenembodiments and
tvaBatind & thd idV&itioh. Vi s adj acent a nodified edge 13 at
t he to& of the lower |layer 33. [00551 In the packed
sect i dB58]| | udeedivglyi althogh dlbisatedand desdfribbt beirewigmieference to
cBNaN Spatifislenbdiféns Wb bt ihfch & AllrRgSy got intended to be
i'mrtﬁ%tortaﬁ eefﬁn%sl?qvvb rﬁaﬂaﬁf, variolis mosiificatidnsynaydgunadasin tmd details within
thescopy ahe rdriye | {4
Wéerphav. e AP L3 2L e 3 R (BdHifd forEthe spirtof e
Uyers). Persons skilled in the art will
recogni ze, however, that a packed section enpl oyi ng
the present invention in an exchange col um may
i nclude many nore | ayers above and bel ow the | ayers
illustrated in Figures 4 and 5. 25 [0056] As
indicated, the alternation of, or the sequencing of,
the layers of conventional packing (unnodified
packing) with the |ayers of high-capacity packing
(nmodi fied packing) may vary in many different ways f
romthe enbodi nents illustrated and/or discussed
herein. As stated, one variation is to have strict
alternation (i.e., one "unnodified" |ayer for every
edge "nodified" layer). An alternative is to have one
“unnodi fied" |ayer of packing for 30 every two or
three edge "nodified" |ayers of packing. However, the
sequenci ng and arrangenent of layers within a section
or columm need not be uniformor symmetrical, as many
ot her arrangenents are possible, so long as every
interface of a conventional |ayer of packing with an
adj acent hi gh-capacity | ayer of packing includes an
unnodi fi ed edge (of the conventional |ayer) adjacent a
nodi fi ed edge (of the high-capacity |ayer), [0057]
Persons skilled in the art will recognize that many
ot her enbodi ments and variations of the invention are
possi bl e. For exanple, although each of the | ayers
illustrated in Figures 4 and 5 are of substantially
equal height for those illustrated enbodi nents of the
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5 invention, sonme or all of the |ayers may have
different heights in other enbodi nents and variations
of the invention. [0058) Accordingly, although
illustrated and described herein with reference to
certain specific enbodi nents, the present invention is
neverthel ess not intended to be I|imted to the
details shown. Rather, various nodifications maybe
made in the details within 10 the scope and range of
equi val ents of the clainms andbAalMBout departing from
the spirit of the invention. -12 CLAIMS 1 An
assenbly of a plurality of generally vertically

adj acent | ayerls A la_ssemitui]jc/ of acbhpafxyiongen@an;h\t/érﬁ?ﬁp adjacent layers of
i ner a orizonta ] ]

%@g?éﬁ BS%P?? 'c%?elé§%acc ”i“%‘%‘”@ %I‘P\hﬁ?l& ok generatly ﬁ@f‘%ﬁ’%'y adjacent
ﬁggﬂu@ rRackingrelements, sgchstrugired pad?]r@g aeﬁhﬁﬁt hdvmgfh"ntﬁﬁﬂ?edge anda
e . r a ayer. having a to .
con’pféidgi@ r(}JTngm%lotﬁr@ gpﬁgr%‘dg{a Q@%ggﬁ(\?\g%@%@&@gg iefe) gorgpr15|ﬁg a plurality of
iR vRRRT @saps aRd sibetfom qompraristng aplutaliey of Erowed 888es, the assembly
bb@,[[()_ﬂgﬁg:nbl y conprising: a first layer of structured

packi ng, wherein at |east one of the upper edge and
the | ower edge iafiratdayeriodstrasturatl packing, vameein tat kabUomsof the upper

packing elsg i first. | .. and second i

| ayer of str g%?‘ E}?etﬁe E)é\@i énJ I%gg@/qiﬁf%%'? e %&H gne structured packing
adj acent t BEEMantinsthe ffiegy layeniandt r uct ur ed packi ng,

wherein the uppgr . e re. .

unnodi fi ed_on subssete gﬁ%&% S&ﬁﬁ%@‘ﬁ#@n@ﬁ&qﬁﬁywcany adjacent the
packi ng el tiskfaver of stryqiered sackidg) aherein thearppey edoes ahd the lower

the unnodi g 449 Gﬁﬁo&?@faﬁ%sﬂ?ﬁigmq %@Lﬁi‘?’ﬁgﬁ% ;5acking elements

edge on at, |l east one o e struc
el enent s i 17 B &econddanerl ayer is adjacent one of the

nodi fi ed edges WwRereB@orhd 6f3ke LM?‘?{E’?C’S‘JH%@@&%?WL ¥inRbaitied lower

claim1l1, further conprising: a
st r uct ur ed®IHEAL A (PastRne A hasdfuctused packingjelaneatts inthe second layer is

second | aysjaceht Sid siGhe hﬁﬂlifi&@%‘&?@gin‘%e grs't Ret I on
St pa |

opposite the first |ayer of ucture ng,
wherein at | east one of the upper edge and the | ower

edge i s malifi etheaddsdinbly@R el Aefupthe acki ng
el enment in the t i.rdI Iaﬁ, wher eby f‘ﬁ@fﬁ“@? one of
the unmodi fi ed LPPErAIRL Sivgtured packing located vertically adjacent the

second layer of structured packing at a location opposite the first layer of
structured packing, wherein at least one of the upper edge and the lower
edge is modified on at least one structured packing element in the third layer,
whereby the other one of the unmodified upper edge and the
unmodified lower edge on the at least one of the structured packing elements
in the second layer is adjacent one of the modified edges in the third layer.

3. The assembly of claim 1, wherein at least one of the structured
packing elements is corrugated, each corrugated structured packing element having 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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unnodi fied | ower edge on the at |east one of the

structured packing elenments in the second layer is

adj acent one of the nodified edges in the third |ayer.

3. The assenbly of claim1l1l, wherein at |east one of

the structured packing el enents is corrugated, each
corrugated structured packing el enent having a

plurality of corrugations form ng alternating peaks

and troughs across at least a portion of at |east one
surface of fhe cEF‘?ag%t?zr@ldyQtd@&t&;%drqnaaikeasgoaéeﬁ‘a@bpperedge and
-tﬂa@id—her'é t.on

ot e 5086 BEOEElots Pnetb{lted bl Eleydt [ A&t BUis modtted by
d??é’ '@t%‘lﬁﬂsu peg| e%@@;morﬂ@tc@mmﬁctedmma gréupsdonissyiey of reduced crimp

gﬁberglta‘;?a?pg?n Bgﬁﬂédr%lggtag%lﬁgfé rﬁlgn ?Tga}eﬁﬁgeuagtﬁgﬁ H@ped corrugation.

hei ght, a changed corrugati on angle, a serration,

apert ure, aS‘d anTis ab y OPl \’rﬁalt 'M@rqr? the g%o%?zayer of structured

wherein t secon ayer
;5’38'&'[‘9\& fPEa‘%?faquﬂngi@ r%l@flvgﬁg the firel layteir obstructurbe phékirsg.
| ayer of structured packing. 6. The assenbly of claim
5, wherein the angle is between about 00 and about
900. 7. Thé& asselif 3ssemblyiiciain 5, witeseinitine anglé isdstwesmeabout 0° and
abodtte®°nodi fi ed edges of at |east one of the
structured packing elenments in the first |ayer has a
nodi fi ed edge height which is about 5% to about 15%

of a total 7hei ghﬂwe%sévﬂ@lyéidléfﬁzﬁufvﬁé’remI@PQ!% glofﬂgﬁchvled edges of

rality of genera Ve
gﬂ?@%@ﬂ? q?ﬂ%e%wcwed qukm@m%@nt@ &%Re fitgt 'aﬁé‘dwslaayedlfred edge height
wbichiis athouy 58 1ol avoat 14% Pk t&ﬁﬂ%@h 'oYthB%‘h‘uEt‘ﬁEﬁoaﬂa{cXm glement.

adj acent structured packing elenents, each struc
packing el ement having an upper edge and a |ower edge

opposite tBe Upp«ﬂraseéﬂﬁl,y o’#@:dpl@l%ﬁ@ o @&ﬁ%{ar‘f‘%rﬁ% '2 afRent layers of

%@%ﬁ@gﬁjﬂﬁ%ﬁéﬁi E‘V%P/ Ef?'ﬁ?'é‘i"iQ§ Rilffaiﬂhé)flgmeiallbdﬁge@ntally adjacent

sthustuzed padking elemmﬁts j sdch @truaufédgﬁgﬁhew%eﬂf haili:{g% Jg{g%gedge anda

'Qﬁéﬂ‘é .qpvﬂté%teo eélppﬁ[e%‘gqp Ae Gg?h Bu%fmaé@g@a@n |cﬁ@1pnsmg a plurality of

the oppertedges tahd a totioat cdrﬂpi@husarfrg & proedel orane Fowé? edges, the assembly
Cg p‘t‘l@fﬁHred packi ng | ocated bel ow and vertically
acent the first layer of structured packing,

vvher ein the upmflrsemgesofaatmcttiéwpédkmr RHBRM ﬁhbfhpper edge and the

unnodi fi e Sz*r%'?rﬁ(hﬁ gy of the struc ed

packi ng eme %ﬂdeqs&ygg strgﬁared packlng element in the
flrst layer;

a second fayer of structured packing located below and vertically
adjacent the first layer of structured packing, wherein the upper edges and
the lower edges are unmodified on substantially all of the structured packing
elements in the second layer; and

a third layer of structured packing located below and vertically
adjacent the second layer of structured packing, wherein the upper edge and

the lower edge are modified on at least one structured packing element in the
third layer.
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a third layer of structured packing | ocated bel ow and
vertically adjacent the second | ayerof structured

packi ng, wherein the upperedge and the |ower edge are

nodi fied on at |east one structured packing element in

the third layer. -14 9. An exchange columm for

exchangi ng heat and/or mass between a first phase and

a second phase, the exchange colum having at |east

one structured packing section conprising at |east

one assenbl § of AN BrliaADE EYUBH fejeneanying heatandimirags between a first

aﬂla@@ &Rt o é@é@hé ph&de, $hd %HHQ@C&%H'H&QI@%}} 'Iéég%r‘?e% g}ﬂ#&ured packing

Focess yogeni ¢ al r separat

é&ﬁt’%{b&%’l%ﬂeasaw agsgobly of e@htr@ﬂy ofigenerally yemcallaiadjacent layers

lotasiictone glickihglakat bigi §0! uMm containing at |east one
mass transfer zone wherein |iquid-vapor contact is

established by at |east one structured packing

secti on CO“W | Si AGrRbsd %@%Fyo@@ﬁfz %ﬁ%gp% ggonfr:?rﬂensu%g cqptacting vapor

enerally vert
§Pﬁ dﬂ't"g rcél‘:!”tﬁég%"r?{‘é'yé&aﬁ lpast joap ﬁHSI atipm columpy eandaising at least one mass

eranfiengirRoviErsin Ilaﬁld-’vgboh%ﬁfacpﬁ gﬁ%ﬁsﬂe‘gfb leJé ?gg?%nﬁestructured packing

sal

rising contacti
éﬁgﬁ’ﬂﬁﬁ@pg'ﬁ'lng ﬁﬁ'eﬁlﬁ‘é’r"glaﬁsﬁ’nmb’ af &iplpralityef geraralorertically adjacent layers

ebstelzituret pdchinyg aé inl kagmt1.one structured packing section
having at |east one assenbly of a plurality of

generally vertically adjacent |ayers of structured
packi ng as1itn Clﬁapmceés forléiechén gt st Ha/GSR %t\ngen two fluids
%Q@sen‘glrﬁ of a%#dﬁ allt enerally vertica

W CPlpetng Hidg dn gt &?Sgae%eﬁ@af@amlurmwerem a fluid-fluid
wrtapml |S|e$gaerméde§a|alt leastlongefiRiciirdd pabigngd seRtich ha‘(vmg ] gt least one

tu ckln el epents, each struct
pac ?}’”&&Diwéﬁv {w%ﬁﬂe%@ b’p"gfacs%@%w SHU@@Rﬁépa@la@qeas in claim
bpp03|te t he upper edge, and each | ayer having a top
conprising a plurality of the upper edges and a bottom
conprom sing a plurality of the [ower edges,

corrprl si ngl2.he Atmgthodffor m@mbdn@gnaassemnams blHW&f generally
i rst | ayer

chan ol um
oty ik b3 SR Brciing SheleyersRinnshhg Retspiseat generally
hefigentaiadiaoent simturexﬂg&kmg elmdedis ehch Btradtured %@ékm@@l@ment having

he f
T 450 DB, SOl o e 1 s o nvin a
cempiising ﬁ@dlralﬁmkhen gpperedgesiands thottoat tcompromRned piliffity of the lower
eliges cohipYiSing He StbpdiGH ur ed packi ng,

providing an exchange column;

installing in the exchange column a first layer of structured packing,
wherein at least one of the upper edge and the fower edge is modified on at
least one structured packing element in the first layer; and

installing in the exchange column a second layer of structured
packing located vertically adjacent the first layer of structured packing,
wherein the upper edges and the lower edges are unmodified on
substantially all of the structured packing elements in the second layer,

whereby one of the unmodified upper edge and the unmodified lower
edge on at least one of the structured packing elements in the second layer is
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wherei n the upper edges and the | ower edges are

unnodi fied on substantially all of the structured
packi ng el enents in the second | ayer, whereby one of

t he unnodi fied upper edge and the unnodified | ower
edge on at | east one of the structured packing

el ements in the second |layer is 15 adj acent one of
the nodified edges in the first layer. 13. The nethod
for assenbling of claim 12, further conprising the
further stagiasnt onasf tieimortifiscredges irethelissidayecol um a
third layer of structured packing |ocated vertically
adj acent the second | ayer of structured packing at a
| ocati on ob}aosn Tlee methotliferstssémbling ob tlagw 1 2,dunthes domprising the further

packing, whggehp at |east one of the wupper edge and
the lower eddge 1s nodified on at | east one structured
packi ng el enentingtallingn mhlewd\angpaolunmmwaytehef sttdeetred packing

one of the IH&H@(ﬂ' b e - VL] ed .
| ower edge on Jlérh@éﬁll?’eajg?éngne 0 Bnﬂ'ag’ ﬁ‘@?}?@%pa&'ngatalocaﬂon
packi ng el €PPAsite thenflrﬁh'éy@etlf(mr@cluagcbpacimgadyrmwmat temat one of the

of the nodijghere {Iomﬁe&#@é%o\aﬁlw bn at I&r{ls‘% lon%%fuctured packing

nmet hod for assenb er el
one of the %&m%ﬂmﬂ@ hihlekeéig el ements is corrugat ed,

each corrugat ed ywHgrdifit Weeg AN NG th 1! na{)dm&?\é@ggr 3dge and the

plurality of corru?atlons rmn ' ng
and t r ough&NEHiied loyrer edagen the apteasii e O(f)ﬂ'lezstructewsln)aolneg elements

surface of jd g s@@éﬁdiﬂ?éﬁ?a ]EEéJrﬁ%)Hé %?’trl%arqéﬂd F%q&d qe third layer.

15. The nmethod for assenbli'ng of clarm
| east one of the upper edge and the | ower edge of t he

at |east ong, st "m@tmk!tﬁéh Wﬁgéé?ﬁblﬁg%‘f@ﬁh‘lﬁ \kﬁlé?eﬁ'e{t?éast one of the
i,S nmodified % havi-n st one

%F{)‘{Vf’%fr PR ZAPHRO Slarper is *quWE?dg paiceminatest $tﬂg3tléff~‘d packing element
hadhe gluealityrpf d:tm@honsafoﬁﬁlﬁﬁ %anﬁﬁrﬁ%ﬂ&éﬁs' dMd 'h§ 'ac%ss at least a

n_apertur nd an S- corrual
RS e Bad Biteced mofimgalsd stbgiordipacktament he
second | ayer of structured packl ng is rotated at an
angle relative th rst of structured
packi ng. i% Tt@ H{?ﬁf%‘]dof ﬁseﬁﬁ’g%ﬁf ¢t whessinat gast one of the
umer edge ahnétmmlggver eﬁg&ﬁtr:bmieameamf lst@l@n%djpé’@mgtm cl&MBnt in the first
r i of .C erein at

B A Y oy B i ot SoleCtestTognaaaige consising of
& tedueed crinp height acdhiangedt@rraation angle esdrtdtivh, Arxgertiésand an S-
sfaped corrugation.

16. The method for assembling of claim 12, wherein the second layer of
structured packing is rotated at an angle relative to the first layer of structured packing.

17.  The method for assembiing of claim 16, wherein the angle is between
about 0° and about 90°.

18. The method for assembling of claim 12, wherein at least one of the
modified edges of at least one of the structured packing elements in the first layer has a
medified edge height which is about 5% to about 15% of a total height of the structured
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nodi fi ed edge hei ght which is about 5% to about 15% of
a total height of the structured -16 packing el enent.
19. A nethod for assenbling an assenbly of a plurality
of generally vertically adjacent |ayers of structured
packi ng, each layer conprising a plurality of
generally horizontally adjacent structured packing

el enents, each structured packing el ement having an
upper edge and a | ower edge opposite the upper edge,
Hgkieg@ementer having a top conprising a plurality of
t he upper edges and a bottom conprom sing a plurality
of the | ower edges, conprising the steps of:

provi di ng atP.exchangtbod dbruasseniblisg anl assgm'bry ofhe plurallty of generally

AR Bl BN MG B B s
&Qflmnwlblzﬁsilac@nesm@twed:mnkm gherokits, gaaeh strecitired patkieg element having

ol 84 k11 00, 1S SO S84 IR, o

Fempriging B phualjtaeidhe uppeas eﬁgessand alysttonoformsproosing eplurality of the lower
RAG&d Rem ngﬁggﬁ]mgﬁ? offpper edges and the |ower edges
S

are unno ubstantially all of the structured
packi ng el ement $rovidingen sycmangeicalpem; and installing

in the exchange; ﬁél%ﬂ%é Q*th !TJ (ﬁpmﬂfa alﬁ'gtr Iéfﬁtr% gtguctured packing,

packi ng |ocate and vert
second | ay#herin e venaiedgde padikhe gzwerwhlge @irs noldified Emeat feast one

TR s L T
installing in the exchange column a second layer of structured
packing located below and vertically adjacent the first layer of structured
packing, wherein the upper edges and the iower edges are unmodified on
substantially all of the structured packing elements in the second layer; and
installing in the exchange column a third layer of structured packing
located below and vertically adjacent the second layer of structured packing,
wherein the upper edge and the lower edge are modified on at least one
structured packing element in the third layer.
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