15 Septenber 2003 TI TLE OF THE | NVENTI ON: OPTI MAL CORRUGATED STRUCTURED
PACKI NG BACKGROUND OF THE | NVENTI ON The present invenq%qﬂatg% Bfhok0
corrugat ed structured packing' and nmethods for installing such packing in
an exchange columm to provide optinum performance.' The structured packing
has particul ar application in exchange columms, especially in cryogenic air
separation processes, although it also may be used in other heat and/or nass
transfer processes that can utilize structured packing. The term "colum",
as used herein, nmeans a distillation or fractionation colum or zone, i.e.,
a colum or zone wherein liquid and vapor phases are countercurrently
contacted to effect separation of a fluid m xture, such as by contacting of
the vapor and |liquid phases on packing elenents or on a series of '
vertically-spaced trays or plates nmounted within the colum. -1 15

Sept enber 2003 The term "col uMTLELOFITHE INENTIO®EtI on") nmeans a zone in a-
colum filling the colum dianeter. The top or bottomof a particul ar
section or zone end®ratiMAleCIORRUGATED \@RUCTYREN MACRIRG espectively. The
term "packi ng" neans solid or hollow bodi es of predeterm ned size, shape,
and configuration used as colum internals to provide surface area for the
liquid to all ow mass transfer at the |iquid-vapor interface during
countercurrent flow of two phases. Two broad classes of packings are
"random and "structured”. "Random packi ng” means packi ng wherein individual
menbers do not have any particular orientation relative to each other or to
the columm axis. Random packi ngs are

BACKGRQUND OF THE INVENTION

The present invention relates to corrugated structured packing and methods fc':(
installing such packing in an exchange celumn to provide optimum performance.” Thé
structured packing has particular application in exchange columns, especially in cryogenic
air separation processes, although it also may be used in other hea;t and/or mass transfer
processes that can utilize structured packing.

The term, "column”, as used herein, means a distillation or fractionation column or
zone, i.e., a column or zone wherein liquid and vapor phases are countercurrently contacted
to effect separation of a fluid mixture, such as by contacting of the vapor and liquid phases
on packing elements or on a series of vertically-spaced trays or plates mounted within the

calumn.



small, hollow structures with |large surface area per unit volume that are

| oaded at random into a colum. "Structured packing"1gqgﬂﬁaﬂﬁ&%kﬁg wher ei n
i ndi vi dual nenbers have specific orientation relative to each other and to
the columm axis. Structured packings usually are nade of thin netal foil,
expanded nmetal or woven wire screen stacked in layers or as spiral

w ndings. The term"surface area density" neans the surface area of the
structured paqﬁj per unit .valune of the structured packing, .and usually
s expressed | WU ETIESBIEAE P PREOM)ATRAE SR N BEOBT  HECEERTHEN | n
processes, such ai distillation or djrect contact coolin it 1s advant ageous
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counter-flowing liquid and vapor streans. Structured packing, when conpared
with ran&%ﬂ%%ﬁ RiTREPSHVeYays, offers the benefits of higher efficiency for
heat and nmass transfer with |ower pressure drop. It also has nore
predi ct abl e perEdemneskingamepanerith 9 Aelawnbpdiey sigedaternirgsheiza.isbarafangi r i s
carried out by passing liquid and vapor in countercurrent contact through a
di sti | | ateafiguretamised Ascapom ipteasals tf prokide shkacs ercadercthddiquiz ta BllGepraasber
2003 with an ever increasing concentration of the nore volatile conponents
(e.g., nittangigen)thetiglid-vapol intgdfede phrdrrecamidrharrernt Xibwrd tde pbeses Twae bremd ever
i ncreasi ng concentration of the less volatile conmponents (e.g., oxygen).
Vari ous paskengbpaikingsays "mmayomd and stricourbd'i ng the |iquid and gaseous
phases of the mi xture into contact to acconplish mass transfer between the
phases. Ther e "®=zadomnyacRingt esses faeking Mehesepamditid o roémBers day et yavgedniyc
distillation into its conponents (i.e., nitrogen, oxygen, argon, etc.). A
typi cal craythgenicicAiatios eglanial iosacinitherld) to the column axis. Random packings are
small, hallow structures with iarge surface area per unit volume that are loaded at random
into a column.
"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 spirat‘
windings.
The term “surface area density” means the surface area of the structured packing
per unit volume of the structured packing, and usually is expressed in terms of m¥m® of the
volume occupied by the packing.
In processes such as distillation or direct contact cooling, 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 pressure drop. It also
has more predictable performance than random packing.

Cryogenic separation of air is carried out by passing liquid and vapor in

countercurrent contact through a distillation column. A vapor phase of the mixture ascends
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is shown schematically in Figure 1. H gh pressure feed air 1 is fed into the
base of a high pressure colum 2. Wthin the high pregstdfesgbisons the air
is separated into nitrogen- enriched vapor and oxygen-enri c?led l'iquid, The
oxygen-enriched liquid 3 is fed fromthe high pressure colum 2 into a | ow
pressure colum 4. Nitrogen-enriched vapor 5 is passed into a condenser 6
where it is condensed against boiling oxygen which provides reboil to the

| ow pres ' - iched liquid 7 is rtly tapped 8 and
o part o s et P Bl R0 STE STE e cOmbatsf P iroBRR W [ow
pressure - S, (3,9 re.separated by cryogenic distillation

i nto oxy&i&%ﬂa%ehn% th:gﬁi' étatg%g?%c(?ﬁgig’ e?ﬁeé.’”Crg/sﬂ%%/%céﬂ"rﬁmwﬁ@eﬁssrmy be
used to brj into.contact the |Ijiquid and gaseous phases of the oxygen and
ni trogen%g@igee&%r@m%e .'Q'Tﬂ’éyqfﬁnk'rg@@?lusri’%q%”’@ér%é‘ﬁéﬁtmﬁysb& epes tbdrg e vapor
12, and .hedoxg en-rich congfonent_ is renoved as a vapor 13. Alternatively,

t he oxyéiSH'- ANEFRETHANaRES dhe Bidtrreipie caneridmascomsplishiroassitransfes betwasn
surroundi n reboil er/ condenser 6 as a liquid. A waste stream 14 also is

r enoved ﬁ‘?%ﬂ??fr?é- | ow pressure colum. The | ow pressure colum can be
divided into nultiple sections. Three such sections with structured packing
11 are shown i Hers 8ireany ppcesses 6or by aapiretiompieainostryogemiodisyillateadnto its
structured packing consists of corrugated sheets of netal or plastic foils

(or corr G§EPEBEHE §Ie. dlitbades) oxtgeokerdow,ate. ). cAltypjcal Thyegenit airlsepamiionawe 10ar i ous
forns of apertures and/or surface texture features ained at inproving the
heat and 'S8RV schesagieplyeiniegur 00 Biighr pressiee fedd aici anfey,intdnheKsas®bea afght hi s
type of structured packing is disclosed in U S. Pat. No. 4,296,050 (Meier).
It al so iPsesRETe ClinovrR. i Withiretherhigh paesturehalurmm® she YIS spBsrkicadnitehipsgerspr ead
liquid efficiently and gives good mass transfer perfornmance, but nesh type
packi ng enschragtirpopeed exymmsénzhtd dquitd The foxiyfed-¥pecrRadikiing is FBE rsaP@eat i on
performance of structured packing often is given in terns of height

high pressure column 2 into a low pressure column 4. Nitrogen-enriched vapor 5 is passed

into a condenser 6 where it is condensed against boiling oxygen which provides reboil to

the low pressure column. The nitrogen-enriched liquid 7 is partly tapped 8 and is partly fed'

8 into the low pressure column as liguid reflux. in the low pressure column, the feeds (3.9)

are separated by cryogenic distiilation into oxygen-rich and nitrogen-rich components.

Structured packing 11 may be used to bring into contact the liquid and gaseous phases of

the oxygen and nitrogen to be separated. The nitrogen-rich component is removed as a

vapor 12, and the oxygen-rich component is removed as a vaper 13. Alternatively, the

oxygen-rich component can be removed from a location in the sump surrounding

reboiler/condenser 6 as a liquid. A waste stream 14 also is removed from the low pressure

column. The low pressure column can be divided into multiple sections. Three such

sections with structured packing 11 are shown in Figure 1 by way of exampie.

The most commanly used structured packing consists of corrugated sheets of metal

or plastic foils (or corrugated mesh cloths) stacked vertically. These foils may have various

forms of apertures and/or surface texture features aimed at improving the heat and mass
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equivalent to a theoretical plate (HETP). The term "HETP"'neans the hei ght of

packi ng over which a conposition change is achieved vx(@%mjeﬁ g%o\éal ent to
t he conposition-change achieved by a theoretical plate. e Per m :
"theoretical plate” nmeans a contact process between vapor and |iquid such
that the existing vapor and liquid streans are in equilibrium The smaller
the HETP of a particul ar packing for a specific separation, the nore
efficient ' t hej f i.hg. being ,utili

decr oases HEE PRE CAEY AR BREABL R Eeq 5Bl iaRndl Tt hTE.BRbs (e
use of stnyct Lng in, cryogenic distillati wher.ej n_t he .power
benefits re 'gﬁg\%go%%ﬁeégugeal%? '%Yeiﬂf PR ero&@gﬂﬂgt mﬁ@@ﬁ%?@ﬁ?ﬁa’ﬁ%ps

t eachi ngs this. patent can be applied to gll of the packed sections of an
air separ aS?D.F%#]HUEn%ﬁC'%{Wefﬁ&ﬁ@ﬁ’emggﬁe S St oo, Gt B PpgPacking
separat i ng_ar En and ox%_{gen. U.S. Pat. No. 5,613,374 (Rohde et a!.) teaches
t he use ofsﬁﬁ‘g MY SRPENSVEiRn 2eest folltuee BR&% y greater than 1,000 n2/n8 as
optimal for the_ | ow tenperature separation of air wusing at |east one
rectification cOIHaParaign PeromeanssSf S EeRWEAIPRCKva RaD isediser detmseef heightki ngs
have a surface area density in the broad range of 125 - 750 n2/nB, Rohde et
al .t eacHE®iIvRleN & artheqretical glatafHEDO0 ThesleomPEAR" means hwitgiokt ofurackingd
packi ng of such high surface area density could provide an advantage of

hi gh mass IFEWBERR cempiogitiemelyanoeditaiipved whithieeudvdlen té thetchephsitioittsangs
distillation colums, there also are several disadvantages. First, the

addi t i onalacsigveddy athepretingl glaterc Toaderm Hbewettal gfistthmepas lei coptacdecoseds t he
high pressure drop associated with the high surface area density would | ead
to a redudishween yapod andliddgpserntbat tRE @S strapsapivt gnd iruic strasms ate iresqulilibrium.a
significant increase in the dianmeter of the distillation colums used for

t hi s separfte Imzallastihe REWBWG fartitharpachioy darsespdutficagiaraibn e rsyretedfient
Finally, the increased dianeter, together with the high surface area
density, dhespavong Heddusktthe height of packing being utilized decreases with the HETP.

U.S. Pat. No 4,836,836 (Bennett et al.) teaches the use of structured packing in
cryogenic distillation wherein the power benefits relative to the use of distillation trays is
discussed. The teachings of this patent can be applied to all of the packed sections of an
air separation plant, although it is most useful in those sections separating argon and
oxygen. | |

U.S. Pat. No. 5,613,374 (Rohde et al.) teaches the use of packing with a surface
area density greater than 1,000 m*m?® as optimal for the low temperature separation of air
using at least one rectification column. While the mest commonly available structured
packings have a surface area density in the broad range of 125 - 750 m¥m?®, Rohde ef al,
teaches a preferred range of 1000 -1500 m¥m® . Although structured packing of such high
surface area density could provide an advantage of high mass transfer efficiency leading
to a reduction in the heights of distillation columns, there also are several disadvantages. .
First, the additional surface area would increase the cost of the packing. Second, the high

pressure drop assaciated with the high surface area density would lead to a reduction in
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severely the ability of distillation colums to operate in a turndown node

because of the wunavailability of enough liquid duringsg keep t he
| arge surface area of the packing well wetted. The agllslﬁd}g?%%@r?dom t he
production capacity of a plant without losing efficiency is a critical
requi renent of nost nodern distillation plants. U. S. Pat. No. 5,100, 448
(Lockett et al.) teaches the use of variable surface area density packing

i t hi ' ; St [ ] i ter., Di ! ect i
wi thi Zd?;Pﬂ%;ﬁ' i oal 3uE R éfg?#?cgﬁﬁ&%‘f%égi :%g?gdbﬁe{ﬁ‘?‘gi 8&%% _ﬁ@%'e?ﬁgr fm
vapor an 5q i, v i qui
or IOf eeds icﬁ-l%%%eﬁoﬁgﬁ'%ggﬁ?rgﬁéa ‘W'gh E’%é"dsfﬁftpg"cg'crﬁaéﬁ t@%ﬁ@?‘t?f tg?%ﬁ’ﬁ@m-
sections . is, th be unevenly

packi ng uﬁ%. I sa then the colum will e\
| oaded rel a |”¥/'gh$h1 CfeRE S R ?&ﬁ&@ff" N ihe Nt sHrace eresrdensibn Alooveiid imits
t he abili ts%v%r%l o&er t;? t‘hg ﬁ%ﬁnt i n turndown npde can be severely limted.
The suggested ™™ ﬁe%&'}'ﬁ'g BilEHam galLmAs e GPeiata Ing Bindryis mogle Srecaie pftbRri ng
within vari ous] gﬁcti ons (or ~wthin one section) of the colum while
mai nt ai ni MGAYHECHY HhEPHINIIGHGBIHNS tspdeweloferp Sedargsisugdptannsamgthemackinm
| oadi ng w te@i n a colum. The purpose is not to optim ze the packing, but to
obt ai n_ uni'fdr WEiterhdiThg aaiity e teaRewn thepsesiuction caraciy|alren pénamitbet losing
changed between sections, as is frequently the case, then there is no need
to do thatt™@RMEH is & critayrrauirsnenbelveest mederadistilation prertts. No. 5, 419, 135
(McKei gue) teaches an anal ogue of Lockett et al. MKeigue addresses the
sane situation YBE- il tNpl%! Phesdt-oskett pbals terthesrihausonsvaitble dirdaet ®ea
colum which have very different |oadings if the same packing is used in all
sect i ons. 9eRsityHiaskisg withini osingle dstialidri tojurof of benstart diamdter. Apifeanesédtions
turndown node will be limted as in Lockett et al. MKeigue's remedy is to
vary the "Wthinmpcalugh ean ke uhder e tifferest icdadihg cBepitiendierte 2003f wipdl ahd WhdiBi n
subsections of a section. [The term"crinp angle" as defined in MKeigue is
velocities, especially if there are vapor or liquid draws or feeds in between the sections. K
the surface area density of the packing used in all sections is the same, then the column
will be unevenly loaded relative to the maximum capacity in each section. Because of this,
the ability to operate the plant in turndown mode can be severely limited. The suggested
remedy is to change the surface area density of the packing within various sections (or
within one section) of the column while maintaining the diameter constant for the purpose
of obtaining uniform loading within a column. The purpose is not to optimize the packing,
but to obtain uniform loading in the column. Also, if the column diameter is changed
between sections, as is frequently the case, then there is no need to do fhat which is taught
by Lockett, ef a/.
U.S. Pat. No. 5419136 (McKeigue) teaches an analogue of Lockett ef af.
McKeigue addresses the same situation of multiple packed sections within a constant
diameter column which have very different loadings if the same packing is used in all

sections. In this situation, the ability of the column to operate in a turndown mode will be

fimited as in Lockett et a/. McKeigue's remedy is to vary the "crimp angle" within sections
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the angle that the corrugati ons nmake with the vertical This has a sinple

rel ationship to applicants’ "corrugation angle" (cc) |5 eyﬂé?nt(}él'rfoﬁgt
i nvention, wherein the corrugation angle is neasured relative to the

hori zontal. Thus, the "crinp angle” in MKeigue is equal to 90 -c.]

McKei gue's purpose is to obtain uniformloading within a colum, not to
optim ze the packing. Also, when the colum dianeter is changed between
sections,_as is.frequently the case,.. then fhere is no peed ,to do that which
7 C L aughi 2B oNRiLn Sl SEpectRB e 4 AT PR GBS et MR lota hon

t he use of t wo dlff?rent corru i on an | es, and_"crinp anqles" ("incl uded
angl es” | We'e hahihe ceraaatings %@% WihdRe ericalo Dig Resi 2 sipplp sREtipRENIREP o
distillatlon colum, wherein the sections have very different vapor and
l'iquid fl ewlilcalnte’s".coffhgatmwngw‘i(ehiruebicudemjn\lmﬁbhmleereml the icerrsgatidnaandgi® t hat
in Lockett et al. and MKeigue, nanely to design the packings in two

sect i ons. sulhd hal e STkl 990L% SERRCATIE O VERER,BREKLTN) Bo-

approache equal I's en a new ess nete

i ntroduced which is defined as the product of the vapor-l iquid int erfaC| al
stress ant™{ HécKegua sipgrppes islie oRivseNIIvilerdindyitiing calumacw! tensimizedhet he
liquid. This 's' paraneter needs to be maintained within a narrow range.

ol ai e EESngt (SO A Co B bR T8 S Uil BB BRI AP B o
o 2“%%“%%%? LHEERR P e Sl %%C S bR st e that the
of the maj or  VERaBAC ke §%¥§€%‘&$w§w§3 Ph R 1% bre & ot R Srbge of
v oa of 't REMEREACSIE 351 G BIP SRS MR 20618 LBARPUFET S € i SBBBHIE - an
angl e of E\-N5 E)gck%% sre%’lagntsl %gldcte% cEisI}ﬁ"Ia%i/c?nr éél&r%!'i wf?ére%othe%e%t?on%eh%tvgr\rfgg dlfzfgpe?r)wt
vapor and liquid flow rates. The motivation behind Dunbobbin ef al. is similar to that in
Lockett et al. and McKeigue, namely to design the packings in two sections such that the
hydraulic loading capacity of each packing is approached equally. To this end, a nev\lf
dimensionless parameter’s' is introduced which is defined as the product of the vapor-liquid
interfacial stress and the liquid film thickness divided by the surface tension of the liquid.
This 's' parameter needs to be maintained within a narrow range. However, very broad
ranges of the corrugation and includeci angles are claimed to yieia 's' within the narrow
range.
Apertures have been used to improve the efficiency of structured packing. For
example, Meier (U.S. Pat. No. 4,296,050) and Huber (U.S. Pat. No. 4,186,158) both state
that the apertures in their packing elements are approximately 4mm in diameter. Most of
the major vendors make structured packing with apertures in the range of 4-5mm. Their

apertures occupy not more than 5 to 20% of the total surface area of the element or piate.

Also, their corrugations are disposed at an angle of 15° to 60° relative to the vertical, or 30°
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to 75 relative to the horizontal (i.e., a = 300 to 75=). U S. Pat. No.
4,950,430 (Chen et al.) teaches the use of apertures i18 ddigerh c8f 1-2mm
with several other qualifiers in terns of hole spacing, etc. for an inproved
packing relative to Meier or Huber. For exanple, the spacing between the
apertures is no greater than 5 nm and the apertures occupy not nore than

20% of the ¢t :%fatﬁr\értf:%@héﬁfﬁté?fy_éhé _ée;g\gi .!eL ment or plate. In the may be

preferred from the apertures aré toun €%,/ but nor-round hol es

used, including ovals, oblongs, elliptical holes, and triangul ar holes,
rectangul ar  h&l-2satnbior 6\581430-(Cype ehel jasacruadhehae diddedrsy iRk radRScs
5,730, 000 (Sunder, et al.) and 5,876,638 (Sunder, eta!.) disclose a -~

cor r ugat ed2sim ueitisee rf atidraga@eampnerhb ol Ps ef &F : Lural i ty- of
apertures throughout the el ement. The open arga o?’béttﬁ'e%gégﬁrrgﬁ{%ﬁéfaﬁénﬁn
the rangesiefivdid BeRP% Mifler PEST SI ho <k 96.0f 8 1o 12% of the total
area of the el enent. The Sur?ﬁi%{#@r%éhgé’é%g?é?Qbfc‘trhtgee‘-lf@nréﬁfs SGR8EEr abl y
in the rangesqh,290- 8, W nost, preferr range of 500-1000

m2/ n8. The apergﬁrgg%gggpg&é'gglogé%%aaﬁﬁvg *Bgaﬁbr@g&eﬁﬁ@l Ferfremgeact tha - 5
mm wth fer eg e fF2-§1 Alternatively,_the holes in the

packi ng Sfeg?%{gtorp[?i“r'c{fflatgg?rsg?ﬁe%é‘&@x B 2PEGUTSPATR RELT hotes ét npoabaoul fatleg as
four tinmes the arﬁa, di vi ded by the peri mater? wi thin the stated ranges of
the di anE@PRHSERINEFIDGIQ1a'sapblangeesliptinabholesr ang didrguiargliss, (Edtahgulan t he.
range of 204- 70, with a preferred range of 300-60, and is nost preferably
45.  Thes®lBate#Tey siidipe hhigsusrd tife ikebi directional surface texture in the
formof fine gj{ooves in crisscrossing relation applied on the surface of the

corrugat ed pl BiSsPalf Nohies, pane0m (S eidenaiter,) BT S CXNARLe( WP PLLISE0)

(Kreis) discloses a corrugated structured packing having a surface. area

densi ty domrugaesd atrgetuedd FRkiAGS8eMenl Wiich ARd=arprhtace area. density up to
1200 n2/ B8 or hi gher for certgi n apSI i Cé.q[i gns. Ag}ejh Sr%ﬁ’f%ﬁr_/hgpéﬁ‘%jagt ed

e[ _errent_Shrlmghcut the element. The open araz of the element may be in the range of 5 to 20% and
. preferably in the range of 8 to 12% of the total area of the elemeant. The surface-are-a“
density of the e!ément is preferab.ly.in the rangé of 250-1500 m?m’, with a most preférred
. range of 500-1000 m¥/m?. The aperiures are cir;u!ar and have a diameter in the range of
1-5 mm, with a preferred range of 2-4 mm. Alternatively, the holes in the packing arernot

circuiar, but have an “equivaient diameter’ {calculated as four times_ the area divided by the
o peﬁmeter) within the stated ranges of the diameter of the circular apértures. The
corruéation angie (ac) is in the range oféO’» .70", with a preférred range of 30°-60°, and is
most preferably 45°, Thesz patents teach the vse of 2 bidirectional surface fegture in thé
form of fine groovss in cfisscrossing relaticr appiied on the surface of the corrugated plates
of the packing element.
PCT/EP 83/00€22 (WO §3/18335) (Kreis) discloses a corrugated structured packing
having a surface ar=a density in the range of 350-750 m¥/m*, and a surface area density up

2 - N - - * . .
to 1200 m¥m? or higher for certain appiications. Apertures in the corrugated elements may




-7 15 Septenber 2003 be holes, slits or slots. The apertures occupy 5 to
40% and preferably around 15 to 20% of the total sur{sgggpt@h%grgéog he

el enent or plate. Different surface textures al so have been used to inprove
the efficiency of structured packing. For exanple, as U S. Pat.

No. 5, 454, 988 (Maeda) di scloses a packing elenent having plural continuous,
adj acent, neandering, concavel convex channels formed on the surface of a

heet - | i ke Jaase; = Qfo f d i
he pri g T el B fhe Bhefirs SHATRY 3o Abred A BEfert Y St el 0 :

_ h°as in° €70 7337 ERELEIS 1 “CONErase T6"The
packed- <oeltERPBbt 17 Ql? BRrEon 0P aR Ly 'si mil tancously varying &

plurality of .independent r anet rs%q(ve. .,_at least four par ters). in
order to ni ni%ﬁ%&e h%‘r%(:/%rtgﬁl’"re@oéﬁo etﬁ%é%ﬁf‘érﬁ’ WW‘PI‘&JF"P E%EE‘E‘FW ocus’ on
a single,criterion. su as height or loading, |t is desired to have a
struct ur%w%é%i?%m@h ©r sYRIREnigH S ERE 8&%@%5‘&398@ Wiraga)sisclasee @ paKing
cryogeni (f appl.i cat ms, such as those used in air separation, and for other
heat and?oF ng §'f"€F‘t”&M§‘Fi digseshdneandefing. copeayercopey shaanels fermas a
structured packing of the corrugated type which will be optimal for
cr yogeni ¥ e stTaqeAliagheckifsesal Npmemussafricaemalysoh gufassi iexturmgrerieund
conponents of air, such as oxygen, nitrogen and argon. It is still further
desi r ed PR ait. stetuas ireld OpEdki 99 bfLockett)cor rugat ed type which overcones
many of the difficulties and di sadvantages of the prior art to provide
better and niBreentiest anthegeionsrtrtbe matigatidntbehindghé klrrénirinveetiondssb roptimtze have
an optinmal design of a structured packing that operates in an optinal
manner , taipdckad| seatiesulldf @ distilation e anatsiroutapeoccss svanying & fflimlignof
and/ or | ess expensive per unit quantity of product produced. :
independent parameters (e.g., at least four parameters) in order to minimize the overall cost
of the system, without 2 narrow focus on a single criterion such as height or loading.
It is 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.
It is further desired to have a structured packing of the corrugated type which will be
optimal for cryogenic distillation, especially for separating and purifying the components of
air, such as oxygen, nitrogen and argan.
[t is still further desired to have a structured packing of the corrugated type which
overcomes many of the difficulties and disadvantages of the prior art to provide better and
 more advantageous results.
It is still further desired to have an optimal design of a structured packing that
operates in an optimal manner, which will result in an air separation process more efficient
and/or less expensive per unit quantity of product produced.

It is still further desired to have a more efficient air separation process utilizing an

optimal structured packing which is more compact and efficient than the prior art.
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It is still further desired to have a nore efficient air separation process
utilizing an optimal structured packing which is nor ef ficient
than the prior art. -8 15 Septenber 2003 It also is fﬁﬁﬁﬁgﬁéﬁégfggg to have
a nmethod of installing a structured packing in an exchange col um which
affords better performance than the prior art, and which also auk : y: of
the difficulties and di sadvantages of the prior to provide better and nore
advant ageous results. BRI EF SUMVARY OF THE | NVENTI ON The present invention
is an opti nmal &@#%@dk‘@&efﬁeﬁw th vep methag ofvipstelingra tiseturassiearking B or
nore sections of an exchange col unm for exchangi ng heat and/or nmass between
a first pP¥dengsEolnyrwbifd Fiesdse belterapgsiresses thanciearsior rafo godi whigh ralso
separation. - The invention al so provides nethods for installing such a

packi ng, i AUaERDRERe iImgrycefdbe difficulties ancovisatlvaoisgeswitipepfartomnedde batterdatid i on,
the invention includes processes wherein |iquid-vapor contact or

l'i qui d-1 i fareladwentagtovarasultst abl i shed by at | east one structured packing of
the type taught herein. In one enbodinment, the structured packing has a
surface area density in the range of about 350 n2/n8 to about 800 r /r |,
and includes a plurality of corrugated plates disposed in vertically

paral l el relation. Each plprRIEFTGSMMAR AR THHRENAPETION e and a plurality of
regul arly spaced and substantially parallel corrugations disposed. in
Crisscrossing ek arésnt irvenidieis @ardpteal comnsg=Rdd %@@e@%@k]n?} whieh mEYepe
apertures have an equi val ent dianeter |l ess than about 4 mTllinmeters but

greater tbed mbsHe o2mitd sdd¥BhE6Fan ERENARE IR A B RANRIR heAr it e8s angl e
(-) relative to horizontal in the range of about 35 to about 65. Each

ConsSes PRUSATARRARNITL 00 9.8 PUBRLIR LA K 800 ey
corrugat i ofe indehtitf JI@NHRvREs ARMEasEBr Qa8 %lich a packing in an exchange column
to provide optimum performance. In addition, the invention includes brocesses wherein
liquid-vapor contact or liquid-liquid contact are established by at least one structured
packing of the type taught herein.
in one embodiment, the structured packing has a surface area density in the- range
of about 350 m*¥m® to about 800 m /i, and includes a plurality of corrugated plates
disposed in vertically parallel relation. Each plate has at least one aperture and a plurality
of regularly spaced and substantially parallel corrugations disposed.in crisscrossing relation

to the corrugations of an adjacent plate. The apertures have an equivalent diameter less

than about 4 millimeters but greater than about 2 millimeters. The corrugations have a
corrugation angle (=) relative to horizontal in the range of about 35° to about 65°. Each
corrugation, when approximated to be a substantially triangular cross-section, has an

included angle (B) defined by two sides of the corrugation in the range of about 80° to about

110°.



110. -9 15 Septenber 2003 In one variation, the structured packing al so

i ncludes a surface texture applied on at |east a portj i face of
at | east one corrugated plate. The surface texture nay{é)g'g&% ﬁe or m of
hori zontal striations. Alternately, the surface texture may be a
bidirectional surface texture in the formof fine grooves in crisscrossing
relation. In another variation, the apertures create open area in each plate

inth f 5% t_20%of the total he plate.
Wiernatoly, ¢ neop PR SRBRhed Rt A0S il n Y e ede bolidin. o

about 8% u 2%af the total area of the te. 1n yet another

vari ati on%Plte %%Oacéorrﬁ%%fﬁp%ﬁgﬁﬁfv%faaé'%g?”? ﬁﬂf%t% éa‘aten .'Er}?egl%ﬁﬁée’ﬁ‘ﬁred'ﬁ%t

0.1 milli peters 1o afg_g,ut 3{ Omllinmgters. Alternately, the root radius my
be in the mé& U o wgERte siatens Mareately the sudrne textoramay beratbidirectigpal

anot her enbaodi nent, the structured packing has a surface area density of
about 508 xX{uge B7Be frPhe fingioryes| it gBsscEossingrralatioy. of corrugated pl at es
di sposed in vertically parallel relation. Each plate has at |east one
aperture and albPUPAET yariavpn ribg@PErIsESSherie @PeratEsinEschipiatalin thepange 06|
corrugations disposed in crisscrossing relation to the corrugations of an
adj acent pheut&% calh29% of the thiaverearnt teuilatal Alernaielytecpettoss drémea cpbout 4
mllimeters but greater than about 2 mllineters. The corrugations have a
corrugat i 8ifdanglaeh p(aty irrtbk adrgecoftabohb8¥zombalt 12% bhikertatagereafof sropitted00 t 0
about 60. Each corrugation, when approximted to be a substantially
triangul ar cr odsygecpihenyarfatisn,ahe colgatieds gl 2ropBladiidefiimets faygd voatsiudes of
the corrugation in the range of about 90 to about 100. In one variation, the
st ruct ur e8. Ipadkiatgrsad about 3ol millesetarss Aiatsely,aké tyce raipd mad benn trad rahgask a

portion of the surface of at |east one corrugated plate. The surface texture
may be i abtltd.3 orimeferhiter dikuint @l mBitmdtat i ons. Al ternately, the surface
texture may be a bidirectional _
In another embodiment, the structured packing has a surface area density of about
500 m*/m® to 675 m¥m? and includes a plurality of corrugated plates disposed in vertically
parallel refation. Each plate has at least one aperture and a plurality of regularly spaced
and substantially paraliel corrugations disposed in crisscrossing relation to the corrugations

of an adjacent plate. The aperiures have an equivalent diameter less than about 4

millimeters but greater than about 2 millimeters. The corrugatidns have a corrugation angle
() relative to horizontal in the range of about 40° to about 60°. Each corrugation, when

approximated to be a substantially triangular cross-seﬁﬁoh, has an included angle (B)
defined by two sides of the carrugation in the range of about 90° to about 100°.

In one variation, the structured packing als¢ includes a surface texture applied on
at least a portion of the surface of at least one corrugated plate. The surface texture may
be in the form of horizontal striations. Alternately, the surface texture may be a bidirectional

surface texture in the form of fine grooves in crisscrossing relation.
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surface texture in the formof fine grooves in crisscrossing relation. -10
15 Septenber 2003 In another variation, the apertures 8 t%nTBQ?QO(?Sr ea in
each plate in the range of about 5% to about 20% of the total area of the
plate. Alternately, the apertures create open area in each plate in the
range of about 8% to about 12% of the total area of the plate. In yet

anot her variation, the corrugations have a‘root radius (r) in the range of

about 0.1 mlLi ers to.abqut 3.0 mllimeters. Al ternately, the root
radi us may be lll’namﬁheerryaﬂ@téonoﬂ”e ?ﬂﬁf&re‘b?@a PREMRER M SRS BRI the gange of
mllinmeter,. t he ct_of the present invention is an exchange col umm
for exchaltg Fﬁ%%ﬁgﬁgmﬁéﬁ%i ?;ﬁh?rﬁ%ag ab%i el Plater jAlternaiendbe aperiuies eEgircyiase,
t he exchange. col m? having at |east one structured packing as in any one of
t he errbocﬁr%%m%a%'rp & His GRae QbaRpytiSerto alruy d2%viitheiintaliesea abhediatef t he
present invention is a process for cryogenic air separation conprising
contacting vapBreh#ptieryariatiorethetaarrusationsmary airpotaedive &3 in tbeeangiestfidbloat i on
colum containing at | east one mass transfer zone wherein a |iquid-vapor
cont act %1 Edtaplersiocapobt3.Oailimetess. Slternatelutieuretiradasihagbas the range ohe.  of
t he enbodi nents and variations described above. Still yet another aspect of
t he preseaoul Bdenilinateisdo abputoc@ ssllifneterexchangi ng mass and/ or heat between
two |iquids, conprising contacting said liquids in at |east one exchange
col unm wher ei PAdatipriadpédt@iithe wesdradiventtores alekérangd chymat fol &a%kngIRg heat
structured packing as in any of the enbodi nents and vari ati ons descri bed
above. | rengdfe mass bdtivean affirsthihasaspé et seebnd phesd, IneBkdreRge EbRMA Kalists af | ow
co-currently in the exchange colum. In another variation, the |Iliquids flow
count er - demstemiel structured @acNeNABGE 260 lonaTof tHd eHBBHINASRESE vaiatioRs REEHIH
invention is a packed section in an exchange col um,
above.

Yet ancther aspect of the present invention is a process for cryogenic air separation
comprising contacting vapor and liquid counter-currently in at least one distiilation column
containing at least one mass transfer zone wherein a liquid-vapor contact is established by
at least one structured packing as in any one.of the embodiments and variations described
above.

Still yet another aspect of the present invention is a process for exchahging mass

| andfor heat between two liquids, comprising contacting said liquids in at least one exchange
column wherein liquid-liquid contact is established by at least one structured packing as in
any of the embodiments and variations described above. In one variation of this aspect of
the invention, the liquids flow co-currently in the exchange column. In ancther variation, the
liquids flow counter-currently in the exchange column.

Another aspect of the present invention is a packed section in an exchange column,
which includes: a first layer of structured packing; and a second layer of structured packing
located below the first layer of structured packing, wherein the second layer is rotated at an

angle relative to the first layer. The structured packing in the first and second layers may

-1



whi ch includes: a first |ayer of structured packing; and a second | ayer of

structured packing |located below the first |ayer of s I @@ki ng,
wherein the second layer is rotated at an angle rel atﬁlgg ts f%%re I rst

| ayer. The structured packing in the first and second layers may -11 15
Sept enber 2003 be any one of the enbodi nents and variations descri bed above.
In one variation of this aspect of the invention, the angle is between

about 0 @&Qnngne -EP%epénqgf?d?%ehﬁva%%tdaﬂgticﬂ'lss shﬁﬁéc}‘gﬁcﬁﬁe@.lﬁ%%@‘%g i H&%{w@' | ing

t he structured packing rn an exchange columm conprising nmu I pﬂe steps. The
first st i rovi.de.an_exchange colum. T second step is to provide
a struct%%gaﬁ%fggﬁrwan %iﬂﬁega%&%{ﬁa?egvgge%?%%&@eﬁgpt “in the range of about
350 n2/nB to about 800 n2/nB, conprisin lural ity of corrugated plates
di sposed i n vt PESFIYYZANG PP Metidss pavethebetngplied ety Prekg Pone
aperture and,k a plurality of regularly spaced and substantially parall el

corr ugat%%%ﬂggée@m HFMRISIREEHYBIS $i8PT el it IT81sten i IRPreyie ag&eFAgeof an
adj acent plate, wherein the apertures have an equival ent dianmeter of |ess
than 4 nfAYTielBe SeHE SRIGLRPIOVINER Sl6lHeDPFRKING hAving & SUTaTE 2raRdRRSTH t he
corrugations have a corrugation angle (-) relative to horizontal in the
range ofin tBp&Ngesy abgubaBlm’/es tamioelal? oM wepmamsing aalereligpeirexiugatedd to be
a substantially triangular cross-section, has an included angle (0) defined
by two spldtes dispashe ineerticajatnzoailel iefatiohecaenpjetedfavirigoaitie80 one aabdune aB0. The
final step is to install the structured packing in the exchange col um.
Anot her 2nbodiityenf refulbtie spechddarsf substeatidly nparatielscoirlgation® dismoserdt imod
descri bed above, except that the second step utilizes a structured packing
such as ¢risatrodgsg rdldtied to the ¢dreugetorno andatjatieme piate|, ‘Winecdim dre Erdrde sTEIE" )
above, rather than the structured packing of the first enbodi nent ("one
enbodi nmeart quivdént SEptetenees2003n 4 millimeters but greater than about 2 millimeters, and

wherein the corrugations have a corrugation angle (=) relative to horizontal in the range of

about 35° to about 65° and each corrugation, when approximated to be a substantially
triangular cross-section, has an included angie {B) defined by two sides of the corrugation
in the range of about 80° to about 110°. The final step is to install the structured paékﬁng
in the exchange column.

Another embodiment of the method of installing is similar to the method described
above, except that the second step utilizes a structured packing such as that described in
the second embodiment ("'another embodiment”) above, rather than the structured packing

of the first embodiment (“one embediment”).
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BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will now be descri bed by way

of exanple with reference to the acconpanying draw ngrstsé eWBEPﬂiOSFi gure 1
is a schematic illustration of an air separation unit; |gl§}re I's a

perspective view of a conventional structured packing element; Figure 2Ais
a sectional view of the elenent in Figure 2 taken along line 2A-2A; Figure
3 is a schematic diagramillustrating the crisscrossing arrangenent of

adj acent elenents in coggpif b@@@lRlﬁjﬂWb?rﬁ% p%%%1%8 Figure 4 is a
wa

schematic diagramillustrating the use o W pers in a packed colum;
Figure 5A is c | Ga0LAagr lLan vi of an arrangenent Fbricks
of structur e'gje;grﬁ’%ﬁﬁ%ﬂ g”tﬂphﬁ‘g btaaelng%% ril%gﬁ b Vg gggf‘?@ﬁ%l WW é@n\;gfegﬁSAOg 8ng l'ine
5A-5A i nacléi %érg iSB; . I?ri1 ur e FB is a schematic diagram of an el evation view
of an ardEAGEREAEY BFWEY (FWPICRy of Tayers of structured packings between
l'i quid and vapor djstributors in a section of a distillation colum; Figure
6 is a graph i PHEst B FHgMAE "iﬁépf’w&@e&ﬁep@ﬁé‘%t%ﬁct ured packing of the
current invention in conparison to that of a commerci al I% avai |l abl e
structured pacRHEe ISP PREPFRIVEMEMepigheonvgoians! eirictyrgd packadriemansl pl ate
(HETP) versus_vapor velocity (K') under the conditions noted above the
graph; and Figare 2A iss sardehadvigyy apiheictatant inlbicHe-2 lkepalanering 20e24f t he
structured packing of the current invention in conparison to the
per f or mance of ISH e 8nifed EFa@Mtica digioram|ibustreting $reu cBeBopREskiongrangearesmisoiof
pressure drop (dP/ft) versus va&?tr vel ocity (KV) under the conditions noted
above t RIigfeaphlemens inFogegntiondlestrzdoed packing;
Figure 4 is a schematic diagram illustrating the use of wall wipers in a packed
column;
Figure BA is a schematic diagram of a plan view of an arrangement of bricks of
structured packing at one elevation at a sectional view taken along line 5A-5A in Figure 5B;
Figure 5B is a schematic diagram of an elevation view of an arrangement of a
plurality of layers of structured packings between liquid and vapor distributors in a section
of a distillation column;
Figure € is a graph illustrating the performance cof the structured packing of the
current invention in comparison to that of a commercially available structured packing in
terms of height equivalent to a theoretical plate (HETP) versus vapor velocity (K,) under the
conditions noted above the graph; and
Figure 7 is another graph illustrating the performance of the structured packing of
the current invention in comparison to the performance of a commercially available.

structured packing in terms of bressure drop (dP/ft) versus vapor velccity (K,) under the

conditions noted above the graph.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The cost of cryogenic processes for
separating m xtures such as air depends on the effici ntacti ng
devices used. Wiile distillation trays have been in us§§$§W%&$%P§0§fghty
years, structured packing has been introduced and enpl oyed i ncreasingly
during the |last fifteen years because of the advantage it offers in terns
of very |low pressure drops relative to trays. Al though various types of

packi ng have been avaj i i i the comrercially

avai | abl e packi ngs h%?ﬁLgoﬁé%e%ﬁﬁﬁlégﬁgul@%@@ packi ngs were

devel oped foii, separ gti ng hydrocar b?n m xt ures, whi ch have very c(i“ fferent

physi cal and'f gorye PEES8SS Iof BEPF BINATRKIW RS U ESIATAISHF )% 87 Nfsi ng
structured packi ng has been described in_ various patents pertaining to

st r uct upliepRYithiycatirating gryiestedred:. SVhipdistilptiondraysdiage ree My §or oWel ch
descri bes corrugated structured packing and its applications. A basic

convent ¢ignslyeats; steuoiured ppelking s keesrmiradured ard emplaved incriagingly drringdh
packing elenment is nade of thin netal foil or other suitable material which
i s corriaghatiftatn yead$ secdusatdf tre edlamtage i Offgradi émai afvegolowepressiraldraps uct ur ed
packing is illustrated in Figures 5A and 5B, A typical structured packing
enpl oysrelaiveite &y - Athaghedrioos typgabédagkiakhag isteeatvailaie detisgrinie 8M20 such
as that in Figure 2 wherein the corrugati ons are arranged at an angle(-) to
t he hor mzopnt&l the Eamhmetotaiteg dvailsblp gsckingaddive uth itdemt optirsalclosvaugatthese
direction is reversed fromthe corrugation direction of its adjacent

packi ngpsdidrets, ware devkldptd sdredpamtingihgdroeadon(mikrrsolvhidh dizag oaal differezes
represent the corrugations of one packing el enent, and the broken di agonal

l'i nes rppyseseahd tragsmer srapatieons of an adj acent packing elenent.) Wen
placed in the vertical for use in a distillation colum the corrugations

form an angl gnhe cohvatitbRalt tBeniMdyzRPtahg stitcRelH podkihgt adsddioderibegat ed, the
el enents or sheets may have surface texture 30 (e.g., lateral or horizontal
striati ofddus PRERS HAEY tERSctaRd fhdHEhat fdibwed U.S. Pat No. 4,296,050

(Meier), which describes corrugated structured packing and its applications.' A basic

conventional structured packing element 20 is shown in Figure 2. Each packing element

is made of thin metal foil or other suitable material which is corrugated. A distiliation column

40 packed with conventional structured packing is illustrated in Figures 5A and 5B,

A typical structured packing employs vertically-oriented corrugated packing sheets
or elements 20 such as that in Figure 2 wherein the corrugations are arranged at an
angle(=) to the horizontal. Each element is positioned such that its corrugation direction
is reversed from the corrugation direction of its adiacent packing sheet, as illustrated in
Figure 3. (The solid diagonal lines represent the corrugations of one packing element, and

the broken diagonal lines represent the corrugations of an adjacent packing element.)

When placed in the verticai for use in a distillation column the corrugations form an angle

{=<) with the horizontal. In addition to being corrugated, the elements or sheets may have

surface texture 30 (e.g., lateral or horizontal striations), holes or apertures 28, dimples,

14



15 Sept enber 2003 grooves, or other features which can enhance the
performance of the basic element 20. The corrugati onsls %pté%bé‘rsid@t ed |n

the sectional view of figure 2A, are fornmed in a wavelik pattern. The t
alternating sloping sides of the corrugations form an angle (0), referred
to as the "included angle"”. It is nost conmmon for the waves of the

corrugations to be nearly triangular in shape, although sone finite radius

of cur valdygs (of ahlr fga@r&s gr.csrc;{q AnPAESEL ok Brrnbhi &ghg%m@%@n Megd.n

Fi gure I'us he ranges Irne ersis
preferr preferr t 0. hay, t di us h nge of
0’3 to 1% C%Jﬁ‘?%ta&%“”?r%éﬁdaa%seuc%f el PV ielre 28 arkdiib > AT 2
of structured ckln e ssenplin enent s about
20 Lo seerE iR MsaerTatBR e Be Tr o e po femons sos B} é%%ﬂ%d
el enent arr din the crijsscros fashi gqn_shown i.n iqure 3. (The
means. udete g @33@39% '%H’é’ﬁi%ori"ﬁ%ﬁjég'ge WP S RS s Rt Y b1 cies
24 are pl aced within a cylindrical colum 22, the edges of t he bricks near
the wal Faggeler inigRe aHdop ey sene fE‘F"eEftdi%g"f@HB@t”r?é r?edae'esr Qi Bra5§pass,
W pers 26 typically are used as shown in Fi g_lure 4. Structured packing
bri cks @iﬂ% aashgwaineriggtsetbl 8dortipdup &y &t Bie(apge 480y to 3.GmilEeeEn's of a
distillation colum 40 as shown in Figures 5A and 5B. Figure 5A is a plan
vi ew whiPEsfershowsile feis anpetngfefasiad 1of hausoatropweadius by ineksenga &t0.8nfe &levat i on
as a sectional viewat 5A-5A in Figure 5B. Figure 5B shows an el evation
vi ew of miligetgisi re arrangement of a structured packing colum 40 having a
plurality of layers (48, 48') in a section between a liquid distributor 44
and a vapor dising $ushttesic4@cking eteeients B8 ce Skiiaké 20 of eirgct(28, pagBing infmadsacki ng
(typically about 8 inches high per layer) are rotated relative to each other
at ri ghtoy amsghdsing itheeelen@®d}s (thhicslyi sbcuha0 im S0 edonmemia per banigesushtthabine ot her
rotation patterns can be used (e.g., where successive |ayers are rotated at
an angl eobegaiesn cfhmijdcedt atharitoate arranged in the crisscrossing fashion shown in

Figure 3. (The means used to secure the elements in place are not shewn.), When the

bricks 24 are placed within a cylindrical column 22, the edges of the bricks near the wall are

rough and jagged, creating gaps. To reduce liquid bypass, wipers 26 typically are used as

shown in Figure 4.

Structured packing bricks 24 typically are assembled into fayers (48, 48'} in a section

of a distillation cclumn 40 as shown in Figures 5A and 5B. Figure 5A is a plan view which

shows the arrangement of about twelve bricks 24 at one elevation as a sectioné[ view at

5A-5A in Figure 5B. Figure 5B shows an elevation view of the entire arrangement of a

structured packing column 40 having a plurality of layers (48, 48°) in a section between a

liguid distributor 44 and a vapor distributor 46, wherein successive layers (48, 48') of

packing {typically about 8 inches high per layer) are rotated relative to each other at right

angles (i.e., 80°). This is the most commeoen arrangement, but other rotation patterns can

be used (e.g., where successive layers are rotated at an angle between about 0° and about

30°).
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90). -15 15 Septenber 2003 The current invention works by sinultaneously
varying at least four parameters which define the aeofpgLVead, f§yf or mance
of a corrugated structured packing, as opposed to varyi nga(one physi cal
parameter or one calcul ated paraneter at a tine as taught in the prior art.
The paraneters varied in the current invention are surface area density (A),
the <corrugation angle(-), the included angle (0), aperture size (equival ent

diameter), anfhe SULLACH, SRIANGGHERY JRBIIHCRR-F YaRIAS aPRELE HLF apacLag and

surface texture. tares are Vi y inthe

prior arg,. ' rtan of . the included angl.e i,S._not r.ecogni zed or
Bl o rreq VoSBT G ARERy FstaeM huialios 75 ol eee Fnuttiveg Ror kG 78 Sopoced?
paraneter in .Dunbobbin et al). In fact, it i,s a commbn practice in the prior
Bt 1o, ol velEY 87 ARuslel cearbet P ot et Satash PR & HAP 5 8r9'dh 6 of
structured packing in terns of just A and " wthout specifically accounting
for the Y& HJ&PQF{%%’“F%? YRS 'éﬁfgﬁ BUTERRL IMYRNEID 31§ SyrREy arqsfensly &M the t he
current invention. Al so, the ranges of the above-identified paranmeters for

t he optieerugtirocingtedd), thadkilndedBnglhd L Laneante siregerbiivalear siasnatgn,i sichg and
unexpect ed because the conbined effects of these paraneters are conpl ex and

not Coméﬁa%g%nﬂér%éin%n@%?ﬁ:rﬁg gb& éssa&%Pé’ﬁ%cﬁgré‘?{desut%c@t&wrgp erinléttﬁ%éét:t | on

anong t hese par aneters etermnes t Ow <characteristics he

vapor angd_ljguid dié&ﬂséé‘ﬁ]' Nodi ?n{:rf.[eg:gior Bﬁrqhgrirggﬁﬁg%cgoftthgin%{urdgﬁtaﬂhﬁﬂ%n have

packi ng. The surprising unexpe results current 1nve

been 1 degtidiretbe kW ONIN L EASLYS (XRERLAENLAl oL oL ued by, bheqr ot T cal

nodel i n yogeni € cat’i ons, nge

i ncl uded I s hi.gher, than 90. degrees according,.to the curren
| vent | oReroiteres T DOl & o1 Elegt S D R R RuLi o o R SRR a
packi ngsth‘ésrggssf t%ns?érya%%epnrlegsu?le rcirospea%rrgétéa‘?sr’EicQ ac gtr&:rt]urleg %lalé%gg inatrclaﬁ;’rlﬂ(sa of just

A and = without specifically accounting for the effect of the included angle B, which is a key

parameter in the current invention.

Aiso, the ranges of the above-identified parameters for the optimal structured
packing of the current invention are surprising and unexpected because the combined
effects of these parameters are complex and not completely predictable. This is because
there is a strong interaction among these parameters which determines the flow
characteristics:.of‘thle vapor and liquid, and thereby the final perforfnance of the structured
packing. The surprising and unexpected results of the current invention have been identified
through extensive experimental work followed by theoretical modeling work.

For cryogenic applications, the most optimal range of the included angle B is higher
than 80 degrees according to the current invention. This is especially surprising because
maost of the commercial packings used for cryogenic air separation have an included angle
B less than 80 degrees. Also, contrary to the teachings of Rohde et al., the most optimal

surface area density A is much lower than 1000-1500 m¥m?. Thus, considerable material
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R I ess than 90 degrees. Also, contrary to the teachings of Rohde et al., the
nost optinmal surface area density Ais nmuch | ower thaﬂsé@ﬁ%n&é@@o / n8.
Thus, considerable naterial -16 15 Septenber 2003 cost savings can be
realized by the current invention. According to the present invention,
optimal performance in cryogenic applications is achieved by using
corrugat ed packings with surface enhancing features such as apertures and

surface tc@xtddvihgshen &h@mmg\écg-thg%n;rggetir@%ng%;) paranmeters are in the

following ranges. For surfacé area a range of 350 - 800 nR/nB8
is preferred, I r . . = is nost _preferred. .For the
corrugation- an’égygl'(?@o th gensgg{ E‘? Q@éo . gé@“%?@%&f% lﬁl;:@{%g?pg&pp&ﬁnpas a
range of i4%-cﬁ% gggtga,eﬁanésco %t e@r e%q(rred..rlforﬁt he i ncl udeg%a a%I e 0% a
range of BG L't e§P'BR SO LIRS BRRAgS Yl PHTACT SREENURY RANVTESOSWIgPRes i s
nost pref EaFtSr%‘saF r gert res,, it is pref err%ﬂ{to have an equi val ent,

di anet er S’r eat er n@ﬁﬂ'ﬁ °‘~‘ée’§\+ﬁ%’m9rﬁfagéb WeaHeTfInRR{our RRaMPIATR AR BF%&@Y’”Q s

cal cul at g as f ur ,%FI mesethe gr&g of thefﬁg(ﬁréourezdiayi ded by the perineter
of the ag THTr €. SYHRPIRE HILSEY Hoa® Langs i et 804 medm BHEPeIreVHES T@Pee ul ar .
However, various other shapes of apertures can be used, including but not

limted toS80al®5 wbmimymostpiefartad afordoé esrrugatian agten =g haparhehai 35 6Hhar r ow
slit-type holes, triangular holes, rectangul ar holes, and holes in the

shape of fRihak iPRFAGPLS wHIBS SHEE «aﬂa?.:aa\sgggeegﬁ 8, ?fﬁq‘%@' iF%Mé“m%pxa

different ways to mnimze the dvera ion separation and

ifi in A istddEreb el |6 nge of 80 - Lor..a
Penchi ngor Ok 154 e ARCEOIRAMCLO S iftenbll LR S0t o0l 18R RERRs TR or s
ithin t f ._F i.NsSt it ible t
i i ze TR PETEE & ARARGRTh ] Gl BN KEe S Eal DA pelel glaatanan ' © 1
di ter, AT it / i ght . iLe it i t i fi
oby et 1 v T i ESAg ) o | VBB e bter Ketllaed Bivcls kinesdng ipaol dhmmet er

contai ni %%etq@r%ydigﬁgg %Cgi/ t%gcgérﬁnneﬁelﬁ of %haeu hetrtulrogl.) L]%Ctl}%gt;;[rei?etrre%lergggdiment, the
apertures are circular. However, various other shapes of apertures can be used, includih‘g
but not limited to ovals, oblongs, elliptical holes, tear-drop shaped holes, narrow slit-type
holes, triangular holes, rectangular holes, and holes in the shape of other polygons.

The current invention can be applied in many different ways to minimize the overall
cost of distillation separation and purification systems, as compared to the jimited ways of
the prior art teachings. This is accomplished by varying the four independent parameters

- within the preferred ranges set forth above. For instance, it is possiblé to minimize the
height of a distillation column, or limit its maximum diameter, or minimize its velume and/or
weight. While it is not a specific objective of the prese.nt invention td obtain a column of
constant diameter containing many packed sections as taught by Lockett ef a/ and
McKeigue, such a result may be obtained by simultaneously varying at least the four
parameters discussed above. Persons skilled in the art will recognize that the present

invention also may be used for additional applications, such as extraction or absorption.
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McKei gue, such a result nmay be obtained by sinultaneously varying at |east

the four paraneters discussed above. Persons skilled 4 ol |
recogni ze that the present invention also may be use(}51r%%d?§ggﬁzldggal

applications, such as extraction or absorption. -17 15 Septenber 2003 Al so,
when trying to mnimze the cost of a distillation colum system the cost
of manufacturing should be considered. Thus, it nmay be advantageous to vary

o1 O e O PRAARLELS e PR Aefly SHEPBELATEL S8 SRR

whi | e varying only one WO ofr
Ki t a t-ant .val f | | t :
A tor nat A Bl PR onBioRRES T 18 Poarueiartirovan Jop e e
ter, h f density A the ci ti le ,
Wi e hari e b PR R Veral Sl bRt e Bl Varesiaot opspeLer < of

surface ﬁrreafg_(faﬁnsit A C rr_rtﬂgati on angle c, included angle O, and aperture
size (edUitva &P é?js-n'%vl angea AhRRFKINgrMaheeprpdyted & 4 aonsiantoliuenef
section while maintaining the surface texture constant. Alternatively,

sur f ace ¥'RaBMESSF s A\tRERIMRY nBiffETant @agkongst Berlbefirestidsid whigh ivanoptly drzat i on

of performance. The results achieved by the current invention are

sur pri sinapregtdr, snex petieetirface dreatdeesinos si ke oeogdiichahpens, wHietHdfidPie
paranmeters within the preferred ranges can lead to nuch nore optinal

solutio i rt. [As_.indicated by the - exanples
di scuss(r;b(‘?lhél:;reﬁlgi)évf/p,i a?;ﬁgbg%{%ﬁtéﬂ%’ ?%?8_ {ésa%s'ﬂgtve\r}.; e Pﬁ%‘?‘@\fe FEHt9FY s
transfer_apd pressure drop per theoretical stage w thout giving up any
 capaci tﬁ”ggnca' (‘qudﬁd 2886, 5 ANdnRpaivretize deadivales dtnetes may beaihanged fdre
overal | height and dianeter of a packed section and while retaining the

mass tr avsherdisiation esfmie sHiBn PRRIONABREMIA] thEeBuHSR 1ekBNE! SnstEhE
magni t ude of these inprovenents (i.e., 15% i nprovenent in performnce and

gE:MI) Isg\éiﬁimgrriaﬁvem Stk teRftitd aRbemay bR hakifl ARdoaNaXRERYSH optHEIAR Rersons
performance.

The results achieved by the current invention are surprising and unexpected, and
the possibie combinations of the four parameters within the preferred ranges can lead to
much more optimal solutions than that taught by the prior art. As indicated by the
examples discussed below, the achieved results show: (1) 2 15% improvement in mass
transfer and pressure drop per theoretical stage without giving up any capacity; and (2) a
35% saving in material cost while maintaining the overall height and diameter of a packed
section and while retaining the mass transfer and pre.ssure drop performance at identical
levels. The magnitude of these improvements {i.e., 15% improvement in performance and
35% saving in materiai cost) are surprising and unexpected. Whereas persons skilled in
the art might expect some (i.e., a few percent) improvement in performance and/or saving
in material cost, the results achieved by the current invention far exceed those expectations.

In other words, persons skilled in the art would have expected something much less than

the results actually achieved by the current invention.
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the art m ght expect sone (i.e., a few percent) inprovenent in performance
and/or saving in material cost, the results achieved1gysédﬂ§n5égzgﬁgt
invention far exceed those expectations. |In other words, persons skilled in
the art woul d have expected sonething much | ess than the results actually
achieved by the current invention. -18 15 Septenber 2003 The exanpl es

di scussed bel ow are provided to illustrate possible uses of the current

| nventi on. Q‘l“}f%rext‘%ﬁﬁg%'t 'szcu% 15%‘1"0\«?9&;{?'\Rﬁ'eeiﬂotﬂbﬁsﬁg{eﬁ:%gé?lﬁ‘ﬂsleé Sﬂhle’&uﬁrgﬁt art.

Exanple 1 shows acking o e curren ventlron out performns the
"Mel | ap ' Kin which i a.og i.hant _str r. aki)gg in the
air sepz'lr]&’aet%ggﬁ icﬁﬁgrs% 'plfs %rﬁlbgp%l\f'& %g]\rhy NS %érr‘ﬁgrl’(ggﬁ U zﬂﬁgq
Chent ech é Bas g%on | abor.atory results, there is 15%, i nent. LN mass
r anst o "RHG (iR S erT o g e Bpein ot Pefory Giei Wlero ARG Penkhy
capacity. Exanple 2 shows a co rison petween a structured pa &t‘e clgsi gned
at the &H‘a 'Sng(%@@”%’ft YHE A aﬁ*l@j?s“%ﬁCP mﬁ'gamwaflwaﬂwﬁta@ (q} E%%a ne
which is optimzed according to the current invention. The exanple
denmonst r3808s is A&radamepeet uzecshamtecha Bassfpal BEomRYY rputtsoieim s 3F%a hi gh
surface area density packing at the outer edges of the preferred ranges to
a packi fgpPtdygmentingpagsiianster and PrRspyreician rrs thersetinabstage withew Sy Wraght by
the current invention. The exanple shows that there is a 35%saving in
mat er i alca@@sty-whi l e maintaining the overall height and diameter of a packed
section, and while retaining the nass transfer and pressure drop
perf or mance afxangeialisbals Bevripariscriieiwesaapirectyrowschking degignasad thaiowenef i t
inrelation to the prior art teachings of Rohde at al., which teaches that
t he opt igriges slithedeactingsaf tensirtgnt ngentonyegrisi aeavhicts speptiatizashacsordicg to ed
packing is much higher than the prior art. Rohde et al. teaches that
sur f ace tae earremtrisicnyiony et examiplade MG atasRharBnaxpeoiptiireaut thahedrepdree tipr i or
art packings fall in the range of 125-700 n2/nB. Rohde :

performance of a high surface area density packing at the outer edges of the preferred

ranges to a packing that is optimized and well inside the preferred ranges taught by the

current invention. The example shows that there is a 35% saving in material cost while

maintaining the overall height and diameter of a packed section, and while retaining the

mass transfer and pressure drop performance at identical levels. This example shows an

unexpected benefit in relation to the pricr art teachings of Rohde et af., which teaches that

the optimum surface area density for cryogenic air separation structured packing is much

higher than the prior art. Rohde ef al. teaches that surface area density greater than 1000

m?/m?® is optimum, while the prior art packings fall in the range of 125-700 m?/m®. Rohde

et al. also states that if the low pressure column is already at 100C m?*m?® and specifically

750 m¥m?, the argon column may be in the range of 700-90C nt /m? and specifically 750

m2/m®. In contrast, the current invention demonstrates how a packing with 80 m*m

surface area can be out performed by an optimal packing which has only 520 m¥m?®, a clear

but unexpected benefit according to the teachings of the current invention.
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at al. also states that if the | ow pressure colum is already at 1000 n®/n8
and specifically 750 n2/m, the argon columm nay be i 700- 900
n2/ m8 and specifically 750 n2/rn3. In contrast, the cﬂ§§§ﬁFR§E€§ﬁ%{on
denonstrates how a packing with 800 nB/m surface area can be out perforned
by an optimal packing which has only 520 n2/n8, a clear but unexpected
benefit according to the teachings of the current invention. -19 15
SeptenberE%QQ eElxarrple 1 Figure 6 and the table bel ow show how
sinultanecugdg—varying the four paraneters as taught by the current

i nvention.l eads t n timpl structured packi in.cryogenic air
separ at i oﬁ‘%!ﬁrﬁéf‘gdﬁ? égtﬁ%lbgglﬁ"aﬁh%gw %BIPWOPag VADARY teniRBhPgramsaters as
structured ackings in the industry. Cryogenic experinents were perfornmed
inal aboﬁa&EJE? §Y &?%quf%ttmwﬂoed%ﬁﬁﬂo 2 GRIMBlCHHieT Bpekiag inppicesnigeifel y
eight (8) inches irediameter and hei ght each, were placed on top of each
ot her i nsTRREMBHRD é@ﬂ”ﬂﬁﬁ?dvﬁeﬂ\é‘?[}@@&c@gé’sp()@ of dhe mesheemmathateed streftaradve to
each other at 900. The overall packed section had a di aneter of about eight,
(8) i ncheackiisg imthedrdstie Carnoenic sxpeimenss wege periasmed ) a jaboratery diftidaiiml um
was operated to perform separation of a binary argon/oxygen m xture at a
pressure ©#urg0. pighhpasikihalavkrs, apwpsimataly eightal8) nclies inErsetemarel hdightldaghi d t o
vapor flow ratio within the colum, commonly referred to as the Wratio,
equal to wereAfleed ardap bi ezrhsiteardysids hkeohtmrawhvareinetycaskive [lapers weredbtatans,
the data were reduced for each packing as follows. The total separation
obt ai ned wdive & eadhadtber 4t196fM The ocenmib psiked actin hrdxd disetatof bbeuttaiphtdad
bottom of the colum. This was converted to the nunber of theoretical
st ages obinahemednd Astotdidetght af abbeti gly-fius gel5)washesi. XTe tbenn( 953 ochaciesto a
value for the height equivalent to a theoretical plate (HETP) was obtai ned.
The dat a pefent egerites ofid finagsPeet/ok@yehhfixepat a vedsRoid of 36 paliagb unbisr
defined as follows: _

total internal flux. This made the liquid to vapor flow ratic within the column, commonly

referred to as the L/V ratio, equal to 1. After reaching steady state at a variety of flow
conditions, the data were reduced for each packing as follows. The total_ separation
obtained was calculated from the compasition of mixtures at the top and bottom of the -
column. This was converted to the number of theoretical stages obtained. As the totai
height used was sixty-five (65) inches, a value for the height equivalent to a theoretical piate
(HETP) was obtained. The data were reported with respect to the vapor velocity K, which

is defined as follows:

K, = U, [, / (o - p1°°

Where U, = superficial velocity of the vapor phase in the packed section
P, = density of the vapor phase
o) = density of the liquid phase.

As seen in Figure 6 and the table below, the packing according to the current
invention shows a 15% improvement in mass transfer performance (reduction in HETP)

while maintaining the same pressure drop per foot of packing, within a broad operating K,
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Kv = W [Pv / (Pl - P010.5 Were U = superficial velocity of the vapor
phase in the packed section PV = density of the vapor 4 nsity of
the liquid phase. As seen in Figure 6 and the table bel g\%‘%ﬁﬁ]ngoeégg |§ng
according to the current invention shows a 15% i nprovenent in nmass transfer
performance (reduction in HETP) while maintaining the same pressure drop
per foot of packing, within a broad operating K, -20 15 Septenber 2003 range
of 0.14-0.22 f%{/ SeC g\@tgs oacormermal di stillation colum
appl i cat i 6"9% Hi% 4G4 Mpecy Hrzrel 6 PrBefCighiEd AR FRIUMA ARRNGIPD ST er
and pressure dr%_Pséﬁper theoretical stage while maintaining the colum's
capaci ty. “§4g ig fde eﬂ@i?’vmpfwegﬂ%ma%mns&r@aé@é%psuseeérpp@ﬁr eettigeing t o
the current invention, while using the same dianeter as the prior art, only
needs to H&2gg9bildnaintainingthe calumrecasanity. tStaied diffesentlywihis meansthaba pagieendi ng
decrease in pressure drop over the packed section by 15% because | ess
hei ght i s sgstah 2apdingtd thecutraet iprérdicnawhile Tdiey thectsard dianettirfakdhepdesart,and
simlarities) between the packings are as stated below. The four main
par anet er ssniyomEdado ba 85T asralk pewt a&dhersame timepthpreogili be aacotredpormiirgoieenease over
the prior art. Mellapak 500YCurrent invention Type-of-packing Surface area
density, nRpnEs0063DpGver ttgatdohad aagion tay, 1316 geeasdlbys heightus ededibginpafdd
degrees7597 Aperture dianmeter, mm#2.4 Qpen area, %010

to the prior art. The mechanical differences (and similarities) between the packings are as

stated below. The four main parameters combine in an unexpected manner to preduce a

15% improvement over the prior art.

Type of packing Mellapak 500Y Current invention
Surface area density, m%m? 500 635
Corrugation angie «, degrees 48 87
Included angle B, degrees 75 g7
Aperture diameter, mm 4 2.4
Cpen area, % ' 10 _ 10
'I' Surface texture Lateral striations ~ Lateral striations

Relative capacity 1.0 1.0
Relative dP/ft 1.0 1.0
Relative dP/stage 1.0 0.85
Relative HETP ' 1.0 0.85
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Surf ace texturelLateral striationsLateral striations Relative capacityl.01.0
Rel ative dP/ft1.01.0 Relative dP/stagel. 00.85 Rel ativ Q- sppa- 21 15
Sept enber 2003 Exanple 2 This exanpl e shows anot her sarsbl_%ggﬁg an

unexpected result. As previously discussed, Rohde et al teaches high
surface area density as optinmum for structured packing used in cryogenic
air separation. Applicants have found that the performance of high surface

area denggé,.)gglg%cki ng can be matched by nuch | ower surface area density
packi ng w thou osing performance at a considerable material savings.

Based on e ' rl t onducted in the distillation colum
system de?é'trs?e g}g%%nﬁ@%rép@%fgh{%hgﬁnﬁrﬁeg e'ﬁﬁd ﬁ?é'h' ?ﬁmr%‘”f’)‘éﬁ%wsﬁ)é?? de.
Two packi conpared for the separation, . of bi nary m xture of

ar gon/ oxyggﬁdé,\g{agateﬁ#%§ ! s"B{acf@rﬁ%ﬁ%sﬁﬁsé’qu afoﬁféti‘?@zﬁep/%aé IngASEAIDr art
packi ng was considered at the |inmts of the preferred ranges taught by the
current i AVEATTOAT SaRATRUIOY HPRsie ?Vesfﬁﬁ"?éd@ét E"Srp@éfoﬂ'éﬁ‘f&qet%f%@ﬁh BOFCREBB was
chosen. Sinul.taneously, the highest corrugation angle (-) of 65 degrees and
the | owesfeTs¥ PaceS %?%m@wegfcv Soicadyr e Searsyeddrasiymasking withewidesind t o
have a reasqnabl e pressure drop of 0.32 inch of water per foot. The prior
art packi RETHEENCE FRIfenaigetabiematerighedyingse Based PO tensivsy epegmeatal eork
current invention, the performance can be matched by using a packing having
a surf aceCerBistefeingdhe gisgliation spluapeysignimesaihad inhempi ér thp astimetes i ths
shown in the table below. Two distillation colum packed sections of

i denti cal tahepelowwesamadei ght containing these two types of packings and

operating under
Two packings were compared for the separation of a binary mixture of argon/oxygen

at a pressure of 18 psia and a K, of 0.175 fi/sec. A prior art packing was considered at the

limits of the preferred ranges taught by the current invention. Thus, the highest surface

area density of 800 m%m? was chosen. Simultaneously, the highest corrugation angie ()

of 65 degrees and the lowest included angle (B} of 80 degrees alsc were chosen in order
to have a reasonable pressure drop of 0.32 inch of water per foot. The prior art packing had
4mm holes with an open area of 10%. According to the current invention, the performance
can be matched by using a packing having a surface area density of onty 520 m¥m? with
the other parameters as shown in the table below. Two distillation column packed sections
of identicai diameter and height containing these two types of packings and operating under
these conditions will produce identical mass transfer and pressu're drop results. But since
there is a 35% reduction in the amount of metal used, there is a substantial savings in terms
of the packed section weight and the overall system cost. This is a highly unexpected
result. Also, it is known that high surface area density packings have very poor turndown
capabhilities, whereas good turndown capabilities are a significant requirement for modern

air separation plants. The use of proportionately lower surface area densities, as taught by
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these conditions will produce identical mass transfer and pressure drop
results. But since there is a 35%reduction in the angugl.ighnaesds used,
there is a substantial savings in terns of the packed sectl on wel ght and
the overall systemcost. This is a highly unexpected result. Also, it is
known that high surface area density packi ngs have very poor turndown
capabilities, whereas good turndown capabilities are a significant

requir emefMe cfuﬂ'renﬂ'ﬁ@'&rﬁn 18hdis 18 PR rMdaRll |mp"r‘6¢e'8tuFﬁE@wH%@péﬁrlrtPru‘?@@tﬂrﬁé@fb%ﬁ@' y
| ower surface area densities, as taught by - 15 Sept enber 2003 the current

| nvent i oNagldiféifes! aida Raif I £ARL vwbrg.prer\/@&’osfturndom capability, in

addition to the advantages state ler 1n terns of weight and cost. Type
of packi ngfrd 9{% tQurrent Invention e area densi 20
Corrugat i oh ang é%rkn degr ees6546 | ncl %@&%mgl e 0, degrbﬁ’r ! i ure

di anet er . 94010 Surfac exturelLateral stri_ationslLateral
striati ons%éregpc%ﬁg%%mo dap/ ft, mcﬁocéf wat er 0. 320. 32 F&’?bher it is
estimatedthat if t@e §r| or art exarrpl e bas an i ncl uded angl e _(3) of 95

degr ees |%§fr8§?it'°@fa edFYEES which wilP nove it fromthe ed§e of the
preferred r ug |nthe current ipvention to the m ddl e of that
range, an"& aﬁn@% ﬁ%@ﬁ‘?’?g can still b® found which will #3ve a surface
g 600 nm2/ nB, which is still a substantial _ saving over

'€ WM | retain nost Hf the turndown advarfthge. The above

area densi.t
the prior AB\P/‘?U%?

exanples illustrate the benefits of using corrugated structured packing
Open area, % 10 10
Surface texture lLateral striations - Lateral striations
HETP, inch 5.80 580
dP/ft, inch of water 0.32 0.32

Further, it is estimated that if the prior art example has an included angle (8) of 95
degrees instead of 80 degrees, which will move it from the edge cof the preferred ran‘ge
taught in the current invention to the middle of that range, an equivalent packing can stili be
found which will have a surface area density of only 600 m? /m?, which s still a substantial
saving over the prior art and also will retain most of the turndown advantage.

The above examples illustrate the benefits of using corrugated structured packing
having parameters that are within the preferred ranges taught by the current invention. The
examples are not meant to be exclusive or restrictive. Although these examples refer io
argon/oxygen separation near atmospheric pressure, the current invention applies to all
cryogenic systems which can operate in a wide pressure range. This invention will be

particularly useful in all of the distillation column sections gf an air separation plant. This
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havi ng paraneters that are within the preferred ranges taught by the current
i nvention. The exanples are not neant to be excl usi Ve‘]é)éeﬁt‘éﬁ\tbbiﬁéésve-
Al t hough these exanples refer to argon/oxygen separation near atnospheric
pressure, the current invention applies to all cryogenic systens which can
operate in a wde pressure range. This invention will be particularly
useful in all of the distillation colum sections Qf an air separation
pl ant. Thij&iudes iSSRGES i thﬁﬁw ' i are
commonly referre t’o as[ﬁ}ﬁgq%i%‘gﬁggie@sure c%ﬁ?%#nqé#ﬁéethﬁ%rsg%%g}:g col'um,
t he crude d.th re ar cal ..t her variations and

e %%&Qé&g‘gmu% tﬂewg'P?é'gggo% C%ﬂpmtf% %”gqﬂ%P%@n%@%’kF?'P@&- inthe art.

ext ensi ons o ese concepts obVvio

For exanple, vagjations could include.,extraction a apsorption. Thi

gener al ert echn?{)qth% Vaalnggor}?aip beé‘tanBEI”Pé’&%Fae 8?Pfeﬁga"t"wgﬁBBWB%JSOmé%?(E?Péﬁg%ﬁ'@SI um
whi ch has.counter_ flow ng liquid angd r (or gas phases). The present

i ni/enti on [%%oarﬁsf:?foefxavﬁqlr‘%tvéh u‘%’s c(ﬁ“gq ‘\f/’aﬁg‘f F&ﬁ%’%%ﬂ?@%@ﬂﬁp@%i Emﬁ‘»f)q%ﬁr%n

applicatigns.. Various enbodients of the present invention have been

descri bed??ﬁﬁ‘ﬂ“}‘ﬁuﬁé‘ﬁ‘*l BEN BF appligfde éﬂ%éeﬁ"@“ﬁ RASEEXRANES CHIYRTYSEH NasGpenter
However, it should be appreciated that variations and nodifications may be
made to t HOYE%LlBidRRE MEBoRIT BEaRRASE]) wiThe diEsend dpysntiomglserismot fieitsgite t
and scope of the invention as defined in the appended clainms. 15 Septenber
2003 What dssill@tos redyqaenicdigtiligtierharplicationsnst al | i ng a structured packing in
an exchange colum, conprising the steps of: providing an exchange-col um;
provi di ng a st r{fEieYs eabpdigientipfiee pregent i@mia@gaw beeregrsiibyd Mihtpagioutatge of
about 350 n2/nB to about 800 nR/nB, conprising a plurality of corrugated

pl at es di $PGsseita the examples discussed above. However, it should be appreciated that

variations and modifications may be made to those embadiments and examples without

departing from the spirit and scope of the invention as defined in the appended claims.
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vertically parallel relation, each plate having at | east one aperture and a
plurality of regularly spaced and substantially paral|gh Hﬁ@gg&@pns

di sposed in crisscrossing relation to the corrugations o? an adj acent

pl ate, wherein the apertures have an equivalent dianeter |ess than about 4
m 11T mehgLsis jidimeg gater than about 2 mllinmeters, and wherein the
corrugations have a corrugation angle (C, ./- ) relatlve to horizontal in

t he range of about 35 to about 65 and each corrugati on, when approxinated

to be ay SubSA%thgde%sdf Ci) gtéuﬁ{bgalsﬁuctﬁréassacm tuh%ﬂ X3RS A IRh VSR Be( 1 )

defined by two si corrugation I he range of about 80 t 0 about
110; and ingeps ¢ing the structured packing in the exchange colum. 2. A
met hod for [ ﬁd packing in an exchange colum, conprising
the steps Oé]-éh@ing dﬁ%’ﬁgég% ange colum; providing a structured packing

havi ng a surwrawdlnar@atrd@nr@ﬂtgackngth%lnl@g@fme asautensiboim the/apoe 6f abentt 675
T2/ B, COMDIigy fed 1pLUERIAbY A CORPHORD SEIPLRY 8P cothipARASlatl aip8sdd hal | v

paral l el relation, eac pl ate ving at e aperture and a plurality
of regul ar | yertigaig @aralstiroiationt aaeh plateyhainga '@ﬁSthﬂer pture 38d @ BIPEIBIOT n

Cri sscrossi nlggH tasyae taﬂdtélﬁs%fléw ,Jagé]s g@ﬁ%r%dhﬁgéﬁd oY @ﬁ@scrdgg%el n

the apertures LEnd aPserugiv i an about i met érs but
greater t harfeteélonttoztherﬁdfﬂugﬁmrtﬁr of amragiageat éiaﬁﬁ t\eereier V’Gg@ﬁqrﬁﬁgs have a8

corrugat i on aﬁer‘t(allan')et reledt! &ﬁeagbmﬂoﬁ' Fihaterd rbLPthgreraf’é?g%aﬂf aBbgup 40 to

about 60 and corrugati on, appr oxi mat ed a substantially
tri angul ar cmtﬂg\setseclan@rwherma thencormugationsihaveya eorregation eraltetby relakvestodes of

the Co”ugatﬁ&[%ohfa i Gng 38R A a’%:%ﬂvtssgqotébgpﬁsb H0cad dorlGchl itz t he

structured pac int hange col um as In a| m 1
wherein the m@amgwddoltxsrmsutgtamtlalhstnamgui@ﬁ asesscesiotiom hasem inglidedangle (Bast

one mass trangheh KNG UL Fithe bhAYtioN AP He BRGL BFhbdit 80° to about 110°% and

installing the structured packing in the exchange column.

2. A method for installing a structured packing in an exchange column, comprising the
steps of:
providing an exchange column;
providing a structured packing having a surface area density in the range of about
500 m%m?® to about 675 m¥m?, comprising a plurality of corrugated plates disposed in
vertically parallel relation, each plate having at least one aperture and a plurality of
regularly spaced and substantially parallel corrugations disposed in crisscrossing
relation to the corrugations of an adjacent plate, wherein the apertures have an
equivalent diameter less than about 4 milimeters but greater than about 2
millimeters, and wherein the corrugations have a corrugation angle ( DL } relative to
horizontal in the range of about 40° to about 60° and each corrugation, when
approximated to be a substantially triangular cross-section, has an included angle ()
defined by two sides of the corrugation in the range of about 90° to about 100°, and
installing the structured packing in the exchange column.

3. A method as in claim 1, wherein the exchange column is a distillation column

containing at least one mass transfer zone wherein liquid-vapor contact is
established by the structured packing.

25



established by the structured packing. 25 15 Septenber 2003 4_ A nethod as

in claiml, wherein the exchange colum is adapted to \?ﬁ% and/ or
heat between two |iquids contacted in the exchange col‘lg)ns%g ererir%ﬁﬁi qui d-

liquid contact is established by the structured packing. 5. A nethod as in
claim4, wheygj <0 |l S1Hi4d 5 N KR BRESnoLRbem. 6.
A et hgd as%ﬁbc[hogiaé%qﬂ,da\ﬂﬂgf gﬁh%}e?ﬁ“%%’@%’fﬁ%‘#%wc%u t?r(-currerr]ﬁlly In the
exchange ca@hdion heat between Hod linbidscestastadi inghea exchanseusdymp ydiereig liokidan

exchange CO'Iig?”iIri’co %@iﬁié{dﬁ%rﬁegwtﬁé%f?éctﬁ’rfedrp%f:ﬂﬁé.di ng an exchange col umm;

provi ding a uctured pac aving a surface area density in the range of
about 500 n2/nB to about 675 n2/nB, conprising a plurality of corrugated

Pl at es gl SPOSGndl AXSh! LS Uy whareh Bl ighiad i o@8GReril AhCtrRo¥idiangs
pluralitfy of regularly spaced an substantially parallel corrugations

di sposed i ncolumgscrossing relation to the corrugations of an adjacent

pl ate, and wherein the corrugati ons have a corrugation angle (0/,_ )
relative to horizontal in the range of about 40 to about 60 and each

cor r ugt i on A miethedaaspinostairmed evhereinsaidliquidss tiew coantes,curra il gy the exchange
cross-secti%,u"pﬁs an included angle (i3) defined by two sides of the
corrugation 1n the range of about 90 to about 100, and wherein at | east one
corrugation has a root radius (r) is in the range of about 0.1 mllineters

exchande cor ueop ™) ARBiicE e skl ebing ol biefihilp R PIE s B 1

i n the rangeteps afbout 0.3
providing an exchange column;
providing a structured packing having a surface area density in the range of about
500 m%m?® to about 675 m%m?®, comprising a plurality of corrugated plates disposed in
vertically parallel relation, each plate having a plurality of regularly spaced and
substantially parallel corrugations disposed in crisscrossing relation to the
corrugations of an adjacent plate, and wherein the corrugations have a corrugation
angle ( (}( ) relative to horizontal in the range of about 40° to about 60° and each
corrugation, when approximated to be a substantially triangular cross-section, has an
included angle () defined by two sides of the corrugation in the range of about 90° to
about 100°, and wherein at least one corrugation has a root radius (r) is in the range
of about 0.1 millimeters to about 3.0 millimeters; and installing the structured packing

in the exchange column.

8. A method as in claim 7, wherein the root radius (r) is in the range of about 0.3

millimeters to about 1.0 millimeters.

9. A method as in claim 7, wherein the exchange column is adapted to exchange heat
and/or mass between a first phase and a second phase using the structured packing.

10. A method as in claim 7, wherein the exchange column is a distillation column

containing at least one mass transfer zone wherein liquid-vapor contact is
established by the structured packing.
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mllinmeters to about 1.0 mllineters. 9. A nmethod as in claim7, wherein the
exchange colum is adapted to exchange heat and/or nag gegg,ﬂ@earzog;;fl rst
phase and a second phase using the structured packing. 10. A nethod as in
claim7, wherein the exchange colum is a distillation colum containing at

| east qpe NMASHethbd RS e tlafR 7ewhbrRireing éxblﬁ’éﬂ -QORPAH |sCa?lﬁTp&§2£toleﬁcchﬁ‘igeahh$§hed by
the structured packing. 26 15 September 03 11. A nethod as  in clalgﬁ
b

wher ei n t he 2BYEh BABEDLYPEMIVE é‘q‘éiﬁﬁ;ﬁ‘?@@cieg ‘B)@E?\&ﬁﬂ'éanﬁﬁ colurgn, whgreip ldiiop ot ween

two |iquidsjgaatastaeds b&abi’%e@@hﬁ@gﬁu&&bu?ﬁcmﬁ@r ein liquid- liquid contact
is established by the structured packing A nmethod as in claiml11,

wherein said liquids flow co-currently in the exchange colum. 13. A nmet hod

as in Qba' Mal hethACEE M chfthh 1, IvHErElR ddiPViqGiasMoRl ca-diifr@itlyl i The élehasgehange

col umm.
column.

13. A method as in claim 11, wherein said liquids flow counter-currently in the exchange

column.
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