STRUCTURED PACKI NG MODULE FOR MASS TRANSFER COLUMN AND PROCESS | NVOLVI NG
SAME BACKGROUND OF THE | NVENTI ON [ 0001] The present invention rel ates
gener al | ywoaoswn3agpar at us and a net hod for facilitatingPcapseeniogusd or
liquid-liquid contact in colums in which mass transfer and/or heat
exchange processes occur. Mire specifically, the present invention rel ates
to structured packing nodules for use in nass transfer or heat exchange

colums and net hods of using such nodules in severe service applications in

whi ch foul SARUCBKREP PALKIEYG MO ke FOIR dbhte TRANSOOR|COWRMMNy pes of
random and structured patKDRROCERSINY OhVENLeRAMIR2Vel oped for use in nass
transfer or heat exchange colums to facilitate contact between fluid
streans flowng within the colum. The packing el enents generally inprove

t he MpgerIcROSMNED ¥ ThgaiNershgoge by providing surfaces onto which the
fluid streans are able to spread to increase the area of contact between

the @gﬁ]di ”Q‘h{:‘j‘%sgﬁ%%ﬁ‘?ﬂoﬂQeifa{ek"eggne%l]ﬁye?d;ﬁ %lﬁrl%?ﬁﬁs] afcﬁ?%@%ﬁo‘i"?@ﬁﬁtﬁﬁﬁg’ e

freq y used’1n severe service applic ere ng, i ng,” and
erosi on of. t.he packi elenents is a proble | deal | king, el enments
used VA0S e Sl et ieORRE i poufeBid Mgk irss Bretf PEFENE ErdBReS o
strength to withstand ergsion and dramati ¢ colum upsets such_ as steam
expl dEPeKEES OFRE- pPders sgcidicalhe 1he piesat iayeabopdiryte Hrustyed prakine gedwet ry
that allows the desired separation efficiency to be achieved At the sane
t i me,fot hee ipacdss ngnekeoeras exnhsngeprabgent arwhoedbdopewsiar eshandluidshesevese be
configured in a manner to avoid fouling and coking due to deposition of
sol i depadd Appliegiodn it WRich Ubdiagecafing,@d erosion are of concern.
[0002] Many types of random and structured packing elements have been developed for use
in mass transfer or heat exchange columns to facilitate contact between fluid streams flowing
within the column. The packing elements generally improve the mass transfer or heat exchange
by providing surfaces onto which the fluid streams are able to spread to increase the area of
contact between the ascending and descending fluid streams.
[0003] Packing elements are frequently used in severe service applications where fouling,
coking, and erosion of the packing elements is a problem. Ideally, packing elements used in
such severe service applications must have sufficient structural strength to withstand erosion and
dramatic column upsets such as steam explosions. The packing elements must also provide a
structural geometry that allows the desired separation efficiency to be achieved. At the same
time, the packing elements must present enough open area and otherwise be configured in a
manner to avoid fouling and coking due to deposition of solid particles on the surface of the
packing elements. Many types of conventional packings possess the necessary strength and

efficiency characteristics, but are prone to fouling and coking in these severe service

applications. Similarly, other types of conventional packings are resistant to fouling and coking



packi ng el ements. Many types of conventional packings possess the necessary
strength and efficiency characteristics, but are prone to fouling and
coki ng i rwohene3se@sere service applications. Simlarly, POTRESROWYPFERS4 Of
conventional packings are resistant to fouling and coki ngbut do not provide
the desired strength or separation efficiency. A need has thus devel oped
for a structured packing nodul e that provides the desired structural
strength and separation efficiency while at the sane tine being resistant
to fdullngoeprdvidokhadysirSUNMRRY @ReFHE oNVENERON {0G0ed hay thuppevelpsodirrent
the present invention is directed to a structured packi ng nodul e conpri sing
a pl viratiuted mwtkiupmighile thpapakidet dexdeeinet stgicticarstiegathedd phatrasnarifieinged w th
the corrugations of adjacent plates extending in a criss-crossing fashion.

Spacehifl £ MRNathealfe MS 1e%@tﬁ?%@ilﬁé1ﬁld3do§1@5 in spaced-apart relationship
with the corrugations of adjacent plates spaced from each other along their

entire length so that the corrugations are free fromcontact with other
corrugations. The spaci ng between the corrugations of adjacent plates is

conp fluids, typically an ascendi ng vapor, and

t he éﬁhﬁé%%ggﬂﬁrﬂﬁébgﬁ%ﬁé§¥h3&emnse prOV|de uni npeded fl ow surfaces for a
fluid pically a descending liquid. In this manner, the plates reS|st

foul il %ﬂfénd dpRnp gmpadimenk ﬂaﬁ)p@sqr% igieglipnis difpstedde |ar58&ct§fqdewgklﬁga pRglule
separation efficiency. [0005] In other enbodinents the invention is

di r ecbeyrisingaa cuhmatity o6 nwmight, ngarehe-estandigu reedrupatedi plggesrouiahgedavdtha ther ocess
in which the structured packing nodule is used for facilitating nass

t r anshahiganms of adjedint Flmt@ argadibe e efissdrbisthpstasidamsSpdcemel agents atehged al um.
In the process, the flow of fluid streanms is substantially uniform al ong

the flQue RRL gislté(soi'h”%c&yaﬁalﬁere@'ﬁfohk’fgﬁt\kﬁ{‘%16' Eb1¥lﬁ‘§t1@ﬂlsaéie§dﬁc%@%§@esoipa5&§

absence of | ow zones t hat woul be caused

from each other along their entire length so that the corrugations are free from contact with other
corrugations. The spacing between the corrugations of adjacent plates is completely open to the
flow of fluids, typically an ascending vapor, and the surfaces of the plates likewise provide
unimpeded flow surfaces for a fluid, typically a descending liquid. In this manner, the plates
resist fouling and coking yet are able to provide the desired strength and separation efficiency.

[0065] In other embodiments, the invention is directed to a column containing the structured
packing module and a process in which the structured packing module is used for facilitating
mass transfer and/or heat exchange between fluid streams flowing in the column. In the process,
the flow of fluid streams is substantially uniform along the flow paths formed by the
corrugatiqns in the plates because of the absence of low flow zones that would be caused by the
corrugations of adjunct plates being in contact with each other or other structural elements. The
process resists fouling and coking because of the absence of these types of low flow zones. The
process can thus be performed under severe service conditions where fouling, coking, and

erosion of the plates would normally be a problem.

g



corrugations of adjunct plates being in contact with each other or other
structural elenents. The process resists fouling and coki ng because of the
absence ovorbhmgs3ésppes of | ow How zones. The process camCThisgodmstees f or med
under severe service conditions where fouling, coking, and erosion of the
pl ates would normally be a probl em BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006]
Fig. 1 is a fragnentary elevation view of a columm with the colum shel
taken in vertical section to show structured packi ng nodul es of the present
i nveBRYF PESIGRIFAIONOFhT HEt PBAYBINGH; [0007] Fig. 2 is a top plan view of
the columm taken along line 2-2 of Fig. 1 in the direction of the arrows;

[ 000§D0dd]G. Big ¢ i8 asirglen@ltevadlévarion ivesw of aaptumt witheths tcolictiusled! pRakimg
nodul es; and [0009] FIG 4 is a fragnentary top plan view show ng two

enbodjcARal §ec%n 4B &R shrtgeAD Rk R %Gﬁod‘tﬁ'&scé‘f &@%ré&@nﬁ%@&mﬂoﬂ poRRioBEd Wethit ed
packi ng modul es. DETAILED DESCRI PTI ON [0010] Turning now to the draw ngs in

greatﬁgGQ&E il and initially to Fig. 1, a columm suitable for use in nass
trans " heat exchange processes is represented generally by the

Cemenhan® s, Finam a ke pA% aise o OR st R Bhin ASUE RS 2t it iy it vl

i ncl udi ng pol ygonal, are possible and are within the scope of the present
i nvertfitlynarrasyfel | 12 is of any suitable diameter and height and is
constructed fromone or nore rigid materials that are desirably inert to.
or ar[@0@]her WGS isarsphtddiagonwich daflvmefolf thedtruaimdedomwkiing inomisilgsy @slent duri ng
operation of the colum 10.

[0009] FIG. 4 is a fragmentary top plan view showing two embodiments of the corrugated

plates which can be used in the structured packing modules.

DETAILED DESCRIPTION

[0010] Turning now to the drawings in greater detail and initially to Fig. 1, a column suitable
for use in mass transfer and heat exchange processes is represented generally by the numeral 10.
Column 10 includes an upright, external shell 12 that is generally cylindrical in configuration,
although other configurations, including polygonal, are possible and are within the scope of the
present invention. Shell 12 is of any suitable diameter and height and is constructed from one or
more rigid materials that are desirably inert to, or are otherwise compatible with the fluids and
conditions present during operation of the column 10.

[0011] Column 10 is of a type used for processing fluid streams, typically liquid and vapor
streams, to obtain fractionation products and/or to otherwise cause mass transfer and/or heat
exchange between the fluid streams. For example, column 10 can be one in which crude

atmospheric, lube vacuum, crude vacuum, fluid or thermal cracking fractionating, coker or



[0011] Columm 10 is of a type used for processing fluid streans, typically
| iquid and vapor streans, to obtain fractionation products and/or to

ot herwi sewoaora3s@ss transfer and/ or heat exchange bet weem/ush@9ofsus4
streans. For exanple, colum 10 can be one in which crude atnospheric, |ube
vacuum crude vacuum fluid or thermal cracking fractionating, coker

orvi sbreaker fractionating, coke scrubbing, reactor off-gas scrubbing, gas
guenchi ng, edible oil deodorizalion, pollution control scrubbing, and other
severastgealei dacprotiegseskeoweuhbing, 0ekr)r affrgashelbbin®, pfs gueackiobuedibleoil
defines an open internal region 14 in which the desired nmass transfer

and/ atecb&tdatiexgladingen baitwd esrublbiag fandiothes ke race prosessdlosarat.| y, the fluid
streans conprise one or nore ascendi ng vapor streans and one or nore
descqpping | irfuiikiStY SARE colbhdneron@link@hy opdnhBtctAalt kit 1£RMBhIORYheCRIPE] S
bot h ‘ascendi ng and descending liquid streans or an ascendi ng gas stream and

a de%’ﬁ&%gﬁ@ﬁféri -yoq b 68 earnéggo%ﬁ&éee f:fiJlLHji c%1;1’% L6 YLBu S eNg{T{leﬁ%gge g]?li& he

col um rough any nu e I'nes (not shown) pos

appropriate | ocations along the. height of the colum 10. e or. mgre.yapor
oF P e enER GOHPLRE 58° J8 BT BUCHITh PSS aUR i S PalHEs CPTRaRUog Hgd

i ntroduced into the colum 10 through the feed lines. The colum 10 w |

al so HigpnealAliernatiyelyd heafuig\adiepaa dnay eraniristbodth asesnding ring glesrenAgediavibor
product or byproduct and a bottom stream takeoff |ine (not shown) for

r enostregms ot argascehdinpgasctrean apyt prdesheodingdigmdtdveamol uim 10. Ot her col um
conponents that are typically present, such as reflux streamli nes,

reboijpery, condenrERamyaRAlirdddns thd dolivhel 1 diisbidoatyafisnbeabdfdetiginkd (vet are
not illustrated in the drawi ngs because they are conventional in nature and

32 dia:'sglggl%é?géig&%&f attetbg?cg)rﬁmﬁﬂﬁmssal&% nRUhRel BMBE bRinke 108A8RS B hotdr an
g o t he present invention.

vapor streams can also be generated within the column 10 rather than being introduced into the
column 10 through the feed lines. The column 10 will also typically include an overhead line
{not shown) for removing a vapor product or byproduct and a bottom stream takeoff line (not
shown) for removing a liquid product or byproduct from the column 10. Other column
components that are typically present, such as reflux stream lines, reboilers, condensers, vapor
horns, liquid distributors, and the like, are not illustrated in the drawings because they are
conventional in nature and an illustration of these components is not believed to be necessary for
an understanding of the present invention.

[0014] In accordance with the present invention, one or more layers 15a-d of structured
packing modules 16 are positioned within the open internal region 14 of the column 10. Turning
additionally to Figs. 2-4, each structured packing module 16 comprises a plurality of upright,
parallel-extending, corrugated plates 18 constructed from a suitably rigid material, such as any of

various metals, plastics, or ceramics, having sufficient strength and thickness to withstand

erosion and other conditions experienced within the column 10.



[0014] In accordance with the present invention one or nore |ayers 15a-d of
structured packing nodul es 16 are positioned wthin the open internal
regi on 14wof20toms3€6l uim 10. Turning additionally to Fi g®CRAS2000061234
structured packing nodule 16 conprises a plurality of upright,

paral | el -extendi ng, corrugated plates 18 constructed froma suitably rigid
material, such as any of various netals, plastics, or ceramcs, having
sufficient strength and thickness to withstand erosion and ot her conditions
exper[D@Hded wistchn bestiie scol undiigl 6. ho@L5 zaions axieheglonpéhasemie swirem!l the t he
corrugations extend along the entire surface of the plates 18 and are
generghtey 18fand dreig@agullarofal usdnguoiodaingsidsiscidectécoion. The: cotudigand ans in
adj acent plates 18 of each structured packing nodule 16 extending in a

Cri SSel-eSHAgs 98 o?%@ﬁﬁﬁfcf&gcﬁbﬂiﬁ%a&lahfﬂ@-16?@9&?&@9@“@ aoérliésfé?éﬁsﬁhéter@%sgf the

corrugations in relation to the vertical axis of the colum 10 can

selected for . .the r ir A . j apl j.cat.i: .

! (s SRes T BN R RaRER! e bRla8l: IRA0RT sllen RAREr
be used. [001 | f the corr tions, of adjacent plates 18 within eac

ot T URecalTE LR o IS A SRIPORBY o PO PP LRS! HOF XABpoi n s
of contact would provide | ow flow regions where solids are nore likely to
accurin¢linagon aoglenefsy, faurndg dsereeslas mgl! avither angles. ewyrhggaed-ons of adj acent
plates 18 within each structured packing nodule 16 are mai ntained in spaced
apar t[0888]at i dihdhidorrabaitgs tof eidjacemntt plates |1 8 ngititin leycls pactured lpeveng sndd@lewhi ch
are joined to the plates 18. The spacer elenents 20 are designed to

Mai Nt\adrd 286Rad & éffadpeiesierd IR REHEeEBIntRh MRS JBvleang fidietdgi@Rtilice:
| ength and width to provide uninpeded flow paths for a fluid, typically a
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The Ca%jre{clé a}%liat%gsl SO‘INH%%] & nsttrugtlu%de 8ac:l'(§ngf I%romllienf;é iarrc]ferg}aifnka%\{\c/fd in spaced apart
relationship along their entire length by spacer elements 20 which are joined to the plates 18.
The spacer elements 20 are designed to maintain separation between the adjacent plates 18 along
their entire length and width to provide unimpeded flow paths for a fluid, typically a liquid,
descending along all of the surfaces of the plates and a fluid, typically a vapor, ascending in the
open spacing between the plates 18. The corrugations of adjacent plates 18 form inclined flow
channels for this descending vapor. Because the corrugations of adjacent plates 18 do not
contact each other or other structures, the flow of the liquid and vapor along the plates 18 is
generally uniform without the presence of low flow regions that could cause the accumulation of
solids on the plates 18 and resulting coking or fouling of the plates 18.
[0017] The spacer clements 20 may take any of various suitable forms. In the illustrated
embodiment, the spacer elements 20 are a series of smooth rods 22 that extend along the top and

bottom edges of the structured packing modules 16 in a generally perpendicular direction to the

plates 18. The rods 22 are secured to the plates 18 by welding or other means. The rods 22 may



channels for this descendi ng vapor. Because the corrugations of adjacent

pl ates 18 do not contact each other or other structures, the flow of the

i qui d amnslovapas3@ong the plates 18 is general |y unif oPETRIS2V005728he
presence of low flow regions that could cause the accumul ati on of solids on
the plates 18 and resulting coking or fouling of the plates 18. [0017] The
spacer elenents 20 nay take any of various suitable forns. In the
illustrated enbodi nent, the spacer elenents 20 are a series of snpoth rods
22 t Hatendxhengh &1 gy behecessp dbaerigmsedglosmed it te edgesiel e adptgrabkihg
nodul es 16 in a generally perpendicular direction to the plates 18. The
rods th@ dee deemiliimgedeocdniret peowees thd tdpyedget df piptor | birhene seamsed Phekinpds 22
mayext end t hrough or may be recessed within apertures 24 forned in the
edgesmedult he apd lca®itdth @iged bBplakhey it saklvidpeadeneanpatinghpéheens.t fig: t op
edges of plates 18 in one structured packing nodule 16 and the bottom edges

of plahes? 1éniHAvan 18%{1?& | bR EHRIUELGHBAG:RE ARIUL&ioHS- Tf[@@pé&ﬁje% Z¢ can
have a round, triangul ar, square or other desired cross section.

aper tlc"!{:eﬁfé n%?lin(e £4E b’ycan %ﬁ)?me&) gls? ngt%l s ) cgmﬁ:fe rln;?lgs A% quet\z\?& ancfﬁve d u% te

hol es ave ‘a roun ar,” square 't ed
shape Th spacer el ene fun ion to secur ether the plates 18

i t i AR SR B f% i ﬁﬂ@ i e e&%@l{ﬁ%&%ﬁﬂ%{l% P faquredaggthed dhe
spaci ng between the corrugations of the adjacent plates 18. It is to be
underieiedpdd whkin @tchétrruety@gsm@lﬁmg prcilegl betndlrie mragntam the dptied spadeg Petwaey be
used to performthese functions, This is contenplated by and within the
scopehofotrhentipne sénite hdyuemt ipbates Desiltr abloyhe inalves@rd thhhethspages oflspaemt s 20
are constructed and attached to the plates 18 in a nanner to reduce the

oppordiairty 26 ®esis@ ods 20 anBCE B3EdaAb §efdrh Meess Pactions | FRRNE %o&@n@fat@lt byt heir
points of attachnment to the plates 18. [0018] The crinp angle F (Fig. 4)

and tha 0aligte fbopEiof theétpreSint HRhlibH B eSiati N SRV EL AR LRBS elements 20 are

constructed and attached to the plates 18 in a manner to reduce the opportunity for solids to
accumulate on the spacer elements 20 or at their points of attachment to the plates 18.

[0018] The erimp angle @ (Fig. 4) and the height hy (Fig. 4} or amplitude of the corrugations
in each plate 18, as well as the spacing between adjacent plates 18 within each structured
packing module 16, can be varied for particular applications. As the crimp height of the
corrugations increases, the number of plates 18 that may be positioned within the cross section of
the column 10 decreases. Likewise, as the spacing between the plates 18 increases, the number
of plates 18 that may be positioned across the cross-sectional area of the column 10 decreases.
In general, as the number, or surface area, of the plates 18 increases, the efficiency of the mass
transfer or heat exchange process likewise increases. At the same time, however, the pressure
drop between the top and bottom edges of the structured packing modules 16 increases and the

fluid flow capacity of the structured packing modules 16 decreases.



in each plate 18, as well as the spacing between adjacent plates 18 within
each structured packing nodule 16, can be varied for particular

appl i cat iwA2010A83¢5Be crinp hei ght of the corrugati ons | RCTA®BI@S/0512B€ nunber
of plates 38 that may be positioned within the cross section of the colum
10 decreases. Likew se, as the spacing between the plates 18 increases, the
nunber of plates 18 that may be positioned across the cross-sectional area
of the colum 10 decreases. In general, as the nunber, or surface area, of
the d0AtYs 18hé likebhenssthat selids Milkiaspopulate eheharawdaces o sthe rplajes A8 aglso
exchange process |ikew se increases. At the sane tine, however, the

pr essidtreasds ap thetbwading tridiug op tien dodbwtatiom pedigedecoasth e Thuis, uiat aeved gadéd ng
nodul es 16 increases and the fluid flow capacity of the structured packing

nodul %1}@@109?%1@% ﬁiﬂ:&@%&] coﬂﬂ% hiekg Edieadl, ihat geh@lalld detirdtle &€ GeHE Ak ON
the surfaces of the plates 18 al so increases as the endlng radi us of the

corr ur%ﬂﬁfnﬁ&acﬂﬁi%? th%gﬁétg??@%o re-Eané the' (ﬂ)pﬁﬁ\ﬁ% e}ﬁio‘? %F}l}(ﬂscﬁ "Q:QB ?etc'np iR éﬁ‘ﬂ@sr €

fouling a concern, I'S g era eS|ra e to reduce the

accur aee Lﬁ%ﬁ%&%?it&?%%csur\%ﬁ h%"r&?pd‘f’lﬁé S L 3 T e

angl e and hei ght of the corrugations and the spaci ng between adjacent

pl at épadips PevsED afideent piiepely %ew edha desred gpesane diqnangt fﬂtrlé\ﬂoe\aﬁ@é?lﬂy for
the structured packi ng nodul e 16. [0020] Each | ayer 15a-d of structured
packifogthestuttessd paclmy nodnkil$t of a single structured packing nodule 16
that extends conpletely across the cross section of the colum 10 and is

SUPPAUOEY ONEAcEMPAOra-d bNGruc@td sy mbduiedl 8 May Bengxlof mingedtuchized an
under | yi ng packi ng nodul e 16, or another suitable support structure.

A _terlgal@l Eg%é(dul@mltmtaéx'térﬁﬂs Qfmﬂp'IEi‘éiy'fQH%E 15 EAdGS %'éc%@nﬂﬁctlﬁé @gitﬁ’ﬁ?ﬂ% @816 in a

bri ck- ormmay be assenb formone or nore of

supported on a support ring (not shown) fixed to the column shell 12, an underlying packing
module 16, or another suitable support structure. Alternatively, a plurality of individual
structured packing modules 16 in a brick-like form may be assemble to form one or more of the
layers 15a-d. Each structured packing modules 16 is normally stacked directly on the adjacent
underlying structured packing module 16 and is typically rotated so that the corrugated plates 18
in one layer are positioned in vertical planes that are angled with respect to the vertical planes
defined by the corrugated plates 18 in adjacent layers. This angle of rotation is typically 45 or 90
degrees, but can be other angles if desired.

[0021} The entire surfaces of the plates 18 are generally smooth and free of surface texturing
and apertures (other than the apertures 24 used to secure the rods 22 to the plates 18) that may
allow solids to accumulate on the plates 18. Spray nozzles (not shown) may be positioned above
and/or below the modules 16 to direct a spray wash onto the surfaces of the plates 18 to dislodge
or prevent the accumulation of solids on the plates 18. In order to allow the spray wash to reach

all surfaces of the plates 18, the modules 16 may be constructed with a vertical height of as little



| ayers 15a-d. Each structured packing nodules 16 is normally stacked
directly on the adjacent underlying structured packing nodule 16 and is
typi cal | ywoavawmssesso t hat the corrugated plates 18 i n ORETIUS@E9/08T284
positioned in vertical planes that are angled with respect to the verti cal
pl anes defined by the corrugated plates 18 in adjacent |ayers. This angle
of rotation is typically 45 or 90 degrees, but can be other angles if
desired. [0021] The entire surfaces of the plates 18 are generally snooth
and fSEBPBRIBHENEand dig uinebs- alﬁopih%ewmfégme o SHUETHERE Raﬁblnap@@c{téﬁelsé 24
used to secure the rods 22 to the plates 18) that may allow solids to
accumiybayvesrhdigia op hatte or gRateSpraayappozrhasly(hochssh dwappheyiobe whesisblidned
above and/or below the nodules 16 to direct a spray wash onto the surfaces

of tHhe i AbidSedBsticandivedudd g@use pluppaisedttthé Birap@czRs @tdoaer@fonslokdiads- t?lﬁb t he
plates 18. In order to allow the spray wash to reach all surfaces of th

pl at gf;id QistdhigoriRgikes e ﬂm%ﬁ/tobcﬁe GRAR S qetf?%w&oﬁgﬁ LR ﬁq&@hlgnﬁju@é}tlﬁgf as

littleas approximately 2 and 7/8th inches. In oth appl f cat1ons
st rugl.yres packi ng nodul es 16 may have a height of up to or greater than
appr oXi nma er 6 inches. In applications where solids in the fluid feed

stre cause plu the s nozzl.es or conventiqQna
troudloaype. M Gidons Of FRBLEOHE HHETrsOat PR b 3 R IOt tin dhe o

weir trough-type liquid distributor may be used. [0022] In use, one or nore
of t megtlmte@ﬂﬁr%prpé‘t RyIHEn Hhsdenlemn 16 for aisp b Facilinién wWiash iranstereandfrerheat
internal region 14 within the colum 10 for use in facilitating nass

t r anskellangndketrechdhtid etcedran flewhet vemrerfurtndy stitldanse Edlaminn). As the fluid
countercurrently within the colum 10. As the fluid streans encounter the

pl at ggedifls ieAcduffer QRE pRitesTH e Bier si6d o BRbrd SIS gﬁ@iluhgsn&eﬁmest T thd duth

streans spread over the surfaces of the plates 18 to 1 ncrease the area of

cont %ﬁ%arﬁ@gpleﬁchH%r thBQurfaces of the plates 18 to increase the area of contact and, thus, the
mass transfer and/or heat exchange between the fluid streams. Because the corrugations of
adjacent plates 18 are spaced apart from each other, a fluid stream, typically a liquid stream, is
able to descend along the inclined surface of the corrugations in a generally uniform manner
without being impeded by low flow zones that typically occur when the corrugations are in
contact with each other or other structure elements along their length. Another fluid stream,
typically a vapor stream, is likewise able to ascend in the open spacing between the plates 18 ina
substantially uniform manner without being impeded by areas of low flow that would result if
the corrugations were in contact with each other or other structural elements along their length.
In this manner, the structured packing modules 16 provide the desired structural strength and
separation efficiency while being resistant to fouling and coking.
[0023] From the foregoing, it will be seen that this invention is one well adapted to attain all

the ends and objectives hereinabove set forth together with other advantages that are inherent to

the structure.



mass transfer and/or heat exchange between the fluid streans. Because the
corrugations of adjacent plates 18 are spaced apart from each other, a
fluid strearpioopiseal |y a liquid stream is able to deseemdsadoongzthe
inclined surface of the corrugations in a generally uniform manner w thout
bei ng i npeded by | ow fl ow zones that typically occur when the corrugations
are in contact with each other or other structure elenents along their

| ength. Another fluid stream typically a vapor stream is |ikewi se able to
ascenf034] t h& wipdi wseiad thatcgeain fesureppad sebcopbingtignsys Hf #HHEYAY YN f or m
manner w t hout being inpeded by areas of low flow that would result if the
cor r Ugatmgngedweitkoit nelcomtact otbiet Feagmeharst hbcowbinatidrer Thisriscontemplagdderment s
along their length. In this manner, the structured packi ng nodul es 16
provigha if Rahilasé E@fe S thedhwtn@bnst rengt h and separation efficiency while
being resistant to fouling and coking. [0023] Fromthe foregoing, it wll
be s hat L Snd i I ; i 3 and
obj oar s her R o A L R ol Rl WS,

i nherent .1o the structure. [,0024 Al e rsto t i

feat 10t e st BEBHRRE HEEone Gersodiri) R SrA R SHEUTRE bR BRIl
reference to,o%ﬂer.features and subconbi nations. .This is contenpl ated by
and i3CUPPHIYHIEG HBWVEES FelodF R RY B YEFRIVEFRS BP! 183 RIIRR A Bossi bl e
enbodi ments nay be nmade of the invention wi thout departing fromthe scope
thereof, it is to be understood that all matter herein set forth or shown
in the acconpanying drawings is to be interpreted as illustrative and not
inalimting sense. CLAIMS What is clainmed is: 1. A structured packing
nmodul e conpri si ng:



a plurality of upright, parallel-extending plates having corrugations the
pl ates being arranged with the corrugations of adjacent plates extending in
a criss-cwvoseimgsdsashi on; and spacer el ements whi ch secBCe&/Ush@9psases in
spaced-apart relationship with the corrugations of adjacent plates spaced
fromeach other along substantially an entire length of the corrugations to
formgeneral |y uni npeded fl ow paths for fluids along a surface of the

pl ates_and in an open spaci hg between the plates. 2. The structured packing
nodul €-8#M& ai m 1, wherein the corrugations extend along an entire surface
of each plate. 3. The structured packing nodule of claim1, wherein the

sur f a¥bsl ivtlaithesd is] at es are snooth and generally free of texturing. 4. The
structured packing nodule of claim1, wherein the spacer el enents conprise
rods extendi ng A biausgled hhekipd mbesle compibiggst ruct ured packi ng nodul e of
claim4, wherein the plates have a top and a bottom edge and sai d rods

ext end thre@FHﬁ’alﬁgicﬁ* L }ﬁi@llﬁ-']ﬁreﬁl_eklghteﬁ)dm:@,dﬁﬁ@s Hving I[QRrShiisiat @Ftiepgi%kgelﬁ%
nodul e of claimb, wherein said plate$ have apertures at said top an

bot t %Waﬁg%ﬁ\%‘tﬁﬂ% c%?liug?tgﬁ% ,%f g\ﬁ%géﬁq Hfa@s.%g%gdi%gihg a %gg-%rﬁges%% %ltslgé-lt{lﬁanﬁt ructure

packi ng ulé of ¢ erein said surfa i's free of

apertures exce at sai.d to d pott.om edges. 8. The .str.yctured packing
TodUl o of BRGT RIeTEnaHEH HFADE (C POGS 18 PR CaBHA LHIPTGND PO e £ G hors
section. 9. The structured packing nodule of claim7, wherein said rods are
wel ded afigceiyindptes spaced from each other along substantially an entire length of the corrugations
to form generally unimpeded flow paths for {luids along a surface of the plates and in an open
spacing between the plates.
2. The structured packing module of claim 1, wherein the corrugations extend along
an entire surface of each plate.
3. The structured packing module of claim 1, wherein the surfaces of the plates are
smooth and generally free of texturing.
4, The structured packing module of claim 1, wherein the spacer elements comprise
rods extending through the piatcs.
5. The structured packing module of claim 4, wherein the plates have a top and a
bottom edge and said rods extend through said top and a bottom edges.
6. The structure packing module of claim 5, wherein said plates have apertures at
said top and bottom edges and said rods extend through said apertures.
7. The structure packing module of claim 6, wherein said surface of the plates is free
of apertures except at said top and bottom edges.

8. The structured packing module of claim 7, wherein said rods are smooth and of

round cross section.
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plates. 10. A mass transfer or heat exchange columm conprising: a shel
defining an open internal region; and a structured packing nodul e

posi ti onaowntan3sessai d open i nternal region, said structaras2@Eanki2ag nodul e
conprising: a plurality of upright, parallel-extending, plates having
corrugations, the plates being arranged with the corrugati ons of adjacent

pl ates extending in a criss-crossing fashion; and spacer el enents which
secure the plates in spaced-apart relatlonshl with the corruqations,of

adj acent pl-at esIhpapstired prakargcmodulged chivng “él‘t%%tl aidiTafs greawcldedt jo @id engt h
of the corrugations to formgenerally uninpeded fl ow paths for Wi ds al ong
a surflaee of the plates and in an open spaci ng between the plates. 11. The
colum of claim 10, wherein the surfaces of the plates are snpooth and

general |y fg.ee Qmdsexhnsfémng hedizxcldige ¢ohmneoaipeingt m 10, wherein the spacer
el ements conprise rods extending through the plates. 13. The col um of

claim12, M@ﬁﬂ%&ﬂn%Q%n%bé§ﬁﬁaﬂﬁW€1€n%&8 and a bottom edge and said rods
ext end throug sald top and a on1edges 14. The colum of claim 13,

mg;egg t Zﬁhg{tﬁq%u{§ﬁ’\cg@ly%m%g%lﬁposﬁlone w?l in Sal(.P ch%nl%tel?gwtl rgépor?,dsgaef Sir ucgurgc? id

packing module comprising:

a plurality of upright, parallel-extending, plates having corrugations, the plates
being arranged with the corrugations of adjacent plates extending in a criss-crossing
fashion; and

spacer elements which secure the plates in spaced-apart relationship with the
corrugations of adjacent plates spaced from each other along substantially an entire
length of the corrugations to form generaily unimpeded flow paths for fluids along a
surface of the plates and in an open spacing between the plates.

11.  The column of claim 10, wherein the surfaces of the plates are smooth and
generally free of texturing.

12, The column of claim 10, wherein the spacer elements comprise rods extending
through the plates.

13.  The column of claim 12, wherein the plates have a top and a bottom edge and said
rods extend through said top and a bottom edges.

14.  The column of claim 13, wherein said plates have apertures at said top and bottom
edges and said rods extend through said apertures.

15. The column of claim 14, wherein said surface of the plates is free of apertures

except at said top and bottom edges.
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15. The columm of claim 14, wherein said surface of the plates is free of
apertures except at said top and bottom edges. 16. The col um of cl ai m 15.
wher ei n sWDA0roa3365ar e smoot h and of round cross secti onPCIUS2000M57264 umm  of
claim15, wherein said rods are welded to said plates. 18. A process for
causi ng mass transfer and/or heat exchange between fluid streans fl ow ng
within a mass transfer columm havi ng structured packi ng nodul es positioned
with an open internal region formed a shell of the colum, said structured
packi ng nolful eslleoeprng phejaian pf.uvker¢in yaidrodspne gheotpand bl wlung grash sichign.

pl ates having corrugations the plates being arranged with the corrugations
of adj acent7. pl aflescobxtienfitlnign i i veheoein sEd codysst ngldedshsadpland. bei ng spaced
apart along their entire |l engths, said process conprising the step of

passi ng sajgd flAigbRty RAMBULAY aUGH BRI e§1¥1fdﬂ%feh'tr@Qhﬂ?g%meﬂgeém%ﬁ‘sﬁeeﬁh@ng
fIOM/paths formed by said corrugations to cause said mass transfer and/or

heat il {lﬂﬁnﬁ”&l AT BGERy QbLAR ga\% S8 tu3e8 d;r#lgﬁﬁg Rh&uFesSy tlo‘h!e@ »ﬂhlﬁ«l

inclu e step of causing su tla ow oF sa

streans al ong, sai d t 0. .The ces claim19, wherein said

St ep B HERTHG B R Bl B PR E R P IR ERTR tl es
conprising passing a descending |iquid streamand an ascendi ng vapor, stream
t hr OL@W alilyi of wrighic Parlel- e@{é@;@p}gg plﬁ.&g&mp@gg corrugations, the plates being arranged with

the corrugations of adjacent plates extending in a criss-crossing fashion and being spaced apart
along their entire lengths, said process comprising the step of passing said fluid streams through
said structured packing modules along flow paths formed by said corrugations to cause said mass
transfer and/or heat exchange on surfaces of said plates.

19.  The process of claim 18, including the step of causing substantially uniform flow
of said fluid streams along said flow paths.

20.  The process of claim 19, wherein said step of passing said fluid streams through
said structured packing modules comprising passing a descending liquid stream and an ascending

vapor stream through said structured packing modules.



