WD 2010/ 033653PCT/ US20091057234 STRUCTURED PACKI NG MODULE FOR MASS
TRANSFER COLUMN AND PROCESS | NVOLVI NG SAME BACKGROUND OF THE

| NVENTI ON YOQOM¥¥63 pr esent i nvention rel ates general | PGraisams/057234
apparatus and a nethod for facilitating vapor-liquid or liquid-liquid
contact in colums in which mass transfer and/or heat exchange
processes occur. Mirre specifically, the present invention relates to

col urms. andShEfodeRER f&é@%@ﬁ PRI MA b BER L RN "0
applications in which fo ,V%hﬁngﬁ;oss"f%ﬁ' are of concern.

[ 0002] Many types of random and structured packing el ements have been
devel oped for use in mass transfer or heat exchange colums to

faci | | BACKGRAUAD OFkHEIN VENKIPNt r eans flowing within the col um.
The packing el enents generally inprove the mass transfer or heat
exchan@80yy pilbypudsant inventicaciekiasgeeerelhi ©hent dpparfilugiadd gtmeshovsloalailding
to spread to increase the area of contact between the ascendi ng and
descendipngliquidiiod ligtiddaydl cdhf@0 31 Paokinndn ehhaniss tansefl neljoreintat yxdbhame
in severe service applications where fouling, coking, and erosion of

t he paakisagsebameMdre ispecifidallplthe presdnfl @dlchtion RRESitH Stredn@BE PhckingSaekhiled
such severe service applications nmust have sufficient structural

st r engbPudeln WasNBARRE o8 heS eQtha dﬂ.ﬁﬁ%ﬁ%&l@d‘d%ﬂuﬂ%ﬁkﬁ rfdHlks 89 severe
st eam expl osi ons. The packing el ements nust al so provide a structura

geomts%ﬁfzé(ﬁ?%l]@z LibWs WHG: i‘aﬁl?ﬂg{]eaaﬁf RAE &bk ﬁ‘az%fotfbﬂc@fﬁcy to be

achi eved the sanme tine e packing el ements nust present enough
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and c due t eposition o so & on the surface o
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cokin goy 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 {requently used in severe service applications where fouling,
coking, and erosion of the packing elements is a problem. ldeally, 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 geometlry 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 1o deposition of solid particles on the surface of the
packing clements. Many types of conventional packings possess the necessary sirength 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



WO 2010/ 033653PCT/ US2009/ 057234 but do not provide the desired
strength or separation efficiency. A need has thus devel oped for a
st ruct ur edW@28KV43865Aodul e t hat provi des the desired st rRQYUR2(19/057234
strength and separation efficiency while at the sane tinme being
resistant to fouling and coking. SUMVARY OF THE | NVENTI ON [ 0004] I n
one enbodi nent, the present invention is directed to a structured
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of adj acent plates, spaced from each other along their entire length
so t hathifes teeosamg diae bsing rasidar (e bulipgadeohingct with ot her
corrugations. The spaci ng between the corrugati ons of adjacent plates
is conpletely open to the flow of fluids, typically an ascending
vapor, and the surfaces of the plates |ikew se provide uni npeded fl ow
sur f aceSMMARY OF TIHE INYBNdAOMNy a descending liquid. In this manner,
the plates resist fouling and coking yet are able to provide the
desi r §0064]r endi bnaaidhsbpeaitatht eresaft inehBncy diredOOREd sthistudddicking module
enbodi nents, the invention is directed to a colum containing the
str uctdéhﬁﬁism?cdsi phékalne dit %pﬁ%’lﬁ, PalEICRERdIE, \Whredatddn Blatek I atfalibéce hith the
a

packi ng nodule is used for cilitating mass transfer and/ or heat
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the flow of fluid streans is substantially uniform along the flow
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[00061Fig. 1. is a fragnent?{y el evation view of a colum with the
col umiingpeqded flgpesyrtapes for a uid, 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
corrugations 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.



vertical section to show structured packi ng nodul es of the present

i nvention positioned within the colum; 100071Fig. 2 is a top plan

vi ew of t hWOBI¥##S8 aken along line 2-2 of Fig. 1 in tRCTHVS05EH of
the arrows; 100081FIG 3 is a side elevation view of one of the
structured packing nodul es; and [00091FIG 4 is a fragnentary top

pl an view showi ng two enbodi nents of the corrugated plates which can

be usegd.,i I | es. DETAI LED DESCRI PTI ON
100101$$ﬁkﬁﬁ§#ﬁbﬁ§9ﬁ@wg§r eater detail and initially to
Fig 1 coluym suitable for use in . mass transfer and heat exchange
pr oces@ggﬂi s }g’@prl d8 arftasregiane Flaratipn niew Hgaﬁﬂ ’aT””i%?e Q%?‘H’Frﬁhei'omﬁe“ m
i ncl udes ;an upri (nght, external shell 12 that is generally cylindrical
i n conYsréaat sgctien [0 BovhEtNsHIt BSkinggRpdudesrdttho Aesent ipvenidmpPsPisned Ytain,
are possible and are within the scope of the present invention. Shell
12 is b¢celmpnsui t abl e di ameter and height and is constructed from one
or nore rigid materials that are desirably inert to, or are otherw se
conpat[0B0H wi Fig. 2 frea fopuyilahsviewm af dwraunirotakenpaieseinte HRof g, dpethatdiroctionf
the colum 10. [00111Colum 10 is of a type used for processing fluid
streandfthdypivsal |y i quid and vapor

[0008] FIG. 3 is a side elevation view of one of the structured packing modules; and

[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

10010} Turning now {o the drawings in greater detail and initially te 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 sireams, 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



streans, to obtain fractionation products and/or to otherw se cause

mass transfer and/or heat exchange between the fluid streans. For
exanpl e, cBPHHB¥52an be one in which crude atnospheriRCT/Y3HL/057234

vacuum crude vacuum fluid or thermal cracking fractionating, coker
or WD 2010/ 033653PCT/ U52009/ 057234 vi sbreaker fractionating, coke
scrubbi ng, reactor off-gas scrubbing, gas quenching, edible oi

deodorj - Lon..poll ution,. ol scrubbij and..ot her vere Service
pr oces SeaeHiE ittty J9eh auhde S0 bR EeRS B AERRES S,
intern i.on 1 desir@d mass transfer and/ or heat

| re i.n whjich the,
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strea onprise one_or. nore ascendi ng vapor. streans and ope. or re
descempﬁa | iEﬁ? shelliiz g sie cofiymiy %Qﬁlﬂsgm o Ariernpl fegor ¢ dmwiichifle desied
conpri se both_ ascending and descending |iquid streans or an ascendi ng
gas stPesnrasBr andes hefarnehange quheest ‘%@aﬂﬂld FOeRIs qerarss | dogmallys dhgrluid
are directed to the colum 10 through any nunber of feed |ines (not
shown) stisa®b (CoBREEE ale ahprodp RN oepari Wieemalanhgne v thet glescending Higuid
colum 10. One or nore vapor streans can al so be generated within the
col unmstitdms.atAhernatihey theiflugd streamo duayechmmise bvtheascaidingnandiGiesdending Higtide
feed lines. The colum 10 will ‘al so typically include an overhead

| i ne (swetmsbomigscdndingroammivdanoand awkpendipp tiguid ktirenn. by pr oduct and a
bottom stream takeoff line (not shown) for renmoving a liquid product

or byppojct ThoMit BReme anmirdlad 14RO} LTMrcg RN Ser LD Rled BH& (not
typically present, such as reflux streamlines, reboilers,

condenggig) pysdifed RO bPSroprididl i cdishsSAIs| Ot Nefeht BN thet dfurhh KB, GHeCoQbre
illustrated in the drawi ngs because they are conventional in nature

and ar\ra-?!;;l %ﬂ%ﬁa&@%ﬁrpﬂs@f)e Egé}ﬁgﬁeucﬁmﬂ Eotuth® 1@%114?%&@%2% HRoBRed into the

necessa an under st andi ng of the pr esent 1 nventli .
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 siream 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 distributers, and the like, are not illustrated in the drawings because they are
conventional in nature and an illusiration of these components is not believed to be nceessary for
an understanding of the present invention.

[0014] In accordance with the present invention, one or more layers 13a-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] I n accordance with the present invention, one or nore |ayers
15a-d of structured packing nodul es 16 are positioned within the open
i nternal r¥§i280/08%5%f the col unm 10. Turni ng addi t i onalBGI/4S3008{051234
2-4, each structured packing nodule 16 conprises a plurality of
upright, parallel-extending, corrugated plates 18 constructed froma
suitably rigid material, such as any of various netals, plastics, or

ceram haviing sufficient. strength and thickness to wthstand .

o oot offOLSla oPRGPS Hishhf H01R Tik o e GREBEFHAI AT ECGF EIHIE HTece fthe
2010/ 033653PCT/ . US2009/ 057234 [.0015] As can .hest be seen ipn Fig. 4, the
cor r ugeFdns %Qt%ﬁ&e%fgg’gofﬁé‘[‘@ﬂ‘a e ww@% EpsstREHBt altrg% ¢ ’%”%‘Hansa’ﬂ’e
generally of a triangular or sinusoidal cross section. The

cor r ugishidcenisplates b phessh strptaeed padangpmodiye 46 exiending red CHECKPHHE M GLASE
16 extending in a criss-crossing or cross-corrugated fashion. The
angl e ekrugaed fashivhobhoingaef isdmetigae] e sorugatiensar rdwiondo theevevinat xaad!
axis of the colum 10 can be selected for the requirenents of

parti cthe @pluappl( cat boedeciddofor shanguaemenis bi paticdar sppcgmnef B0 exdbple,
and 60 degrees, as well as other angles, may be used. [0016]If the
cor r ugatlisansn afgladfaoeist apl 6t &grekf agmiel iap othaccthghes kot beedd. packi ng
nodul e 16 were allowed to contact each other, the points of contact

woul d qonmqi derfl tRVehinati bRl foifacaites fes 08 ahiERh FRt@ulel KatRing éhodule 16

accunul ate and cause fouling or coking. Thus, the corrugations of

adj acepie Rl1ALESto B nik ALIN o BAC MhcSTdiME bHEREhPREHIU b R LAN WP redi s where
mai ntai ned i n spaced apart relationship along their entire I ength by

space rsoﬁh% DRNLSe ﬁe%ioc%c%ﬁlaiepﬁae&ug@ f&lhﬁ%ﬂl' @&Sﬁ% 1&usd NRe SRAGATons of

el enent's are desi'gned to nalntaln separation tween the adj acent
'€

pl at es I B[ e, | . ' uni
Pl ow a8 1Rty B Gk fRROF Bechllg, bl 16 S ROMAGAMY SREE G
t he surfaces. of th | a.es,_a a fluid, typigall.y a_vapark, ascend
-t neeaRERRiz el feBeRliERR 19 sphttk DentstB Hovidh Bre /8RR 1o BETAREL 78
adj acent plates 18 formjnclined flow channels for this descendin
Tabor TiseBacis Eepfas of PR AsREtHS Torn Gk Seemin P atees Mo e ke
each other or other structures, _ the fl of the liquid, and vapor . .
al ong e epiirgtlength gnd é\ﬂf@ér\%w&rw wmnﬂnem v mati fomn flyide SaHdY oF liguidy
flow regions that could cause the accunul ation of solids on the
pl at esles@nding aloag all of Hiy sworsas §f dic Hlaas islp Brids tpicy|yaa vapor.gscqnding 7 thse
spacer el enents 20 naz take any of various suitable forns. In the
i | | ustapae ephcengdstiveranbe platee 18 pdbe comigwiont of @ircent @laessHr fory inflingdrfowh
rods 22 that extend along the top and

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 elements 20 may take any of various suitable forms. In the illustrated
embodiment, the spacer elements 20 are a series of smeoth 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



bott om edges of the structured packing nodules 16 in a generally
perpendi cular direction to the plates 18. The rods 22 are secured to
t he pl at esWPSOHNP3HSP di ng or ot her means. The rods 22 neRET/GARN09/057234
20101033653PCT1US20091057234 extend through or may be recessed

Wi thin apertures 24 formed in the edges of the plates 18 so that they
do not inpede contact between the top edges of plates |I 8-in one
struct 1 I : t i

over | yy oo s BT B oADK frorsa ait SRRk PRI ERE0R 1Y oBePRER I oD
triangyl u r,.other, desir ross section..The apertures 24
Fecer oo ien 208 Enghe Bhel SRRl B AR SRR G e SRR L Badhe
| i kew se.can, ha oun tri ar, square or other desir e.
The spRESc df Rk v Sobn Filrsof BRI SRR g8 SR H@C*%gdmcﬁﬁel@?aﬂw
mﬁthin.gaéh structured papkiqg nodul e 1% and to nmaintain the desired
spaci nNgoDet iBR AR 'UBHr iFR8Y nsdusre ehetheafesicesherof seetan. 1 ghe pperjugest’d
be understood that_ other types of spacing el ements 20 besides rods 22
may bereeiviag ths 1pds 3o7ambe Haded g netchasps complets holes aph likayysataadiapya mvad,
w thin the scope of the present invention. Desirably, however, the
spacerrighgiarnsapaz@r ather desied shape.e Thasmdeateteashs@ Otfondtion ipbeatrwdogeher thea
manner to reduce the opportunity for solids to accunul ate on the
spacerplake withinZ@closinaturedymickinp oiadtie 16fand ttd meinmdnthe tdesi ted epgdiad leswdsd.
10018) The crinp angle 11) (Fig. 4) and the height h2 (Fig. 4) or

anpl i ttheleopligatibes eO1he gpiérn pdatésn] R adthis pb ak @nd&stodd e btheASydeh @f spacing
spaci ng between adjacent plates 18 within each structured packing

nodul eeldfent 20 biddey 26dsexd hey boasedi 16 WeAbrnd ebd HALRIDBS ThAASis fcbﬁe&PiaféB by
hei ght of the corrugations increases, the nunber of plates 18 that

may benBagittih aRedopd §ihihe plddgnt GHRBR0S e BERABYO holdier, GRE WBerl@ements 20 are
decreases. Likew se, as the spacing between the plates 18 increases,

the nuglercRli pliakEsheto ttﬂﬁf)lélo[%yl gb8 epﬁlgjéﬁeir eehuBe P%SG} Bnﬁni}y fog Ssoltirﬁ;eto

cross-sectional area of t um 10 Creases. nera

0 2 oo RuBidbh R8I Bonlis b S: B 5oid8 ot ELEARE e wh BRSSO 2"

of the mass transf C'p eW Sé“incCreases. At
e S0P T s 4P 08 B bR AL R
Lo SRHEEL bl Ie ShrSh o0, backlng, Il o0, 18 deCipasesy 0.
accum;)lac tilei\g ?1?odtupee1aucra];18§ee$ar?gd ‘ot‘]epaptlic%}a? Sap%i?ca%tlnfs(.) 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.



increases as the bending radius of the corrugation peaks decreases.
Thus, in severe service applications where fouling and coking are of
concern, iYVOiX1¥BHEPal |y desirable to reduce the bendi rﬁTf%&l?@BW

t he plates 18 to reduce the opportunity for solids to accurnul ate on
the plates 18, while at the same tinme selecting the crinp angle and
hei ght of the corrugations and the spaci ng between adjacent plates 18

to pro th S | Ui a I

st uct D08 padhf ARHAESALAT G ol ORelRat Gt the s BMARTRPEE Mg 18
packin nodul e nS| of a si.ngle st uct ur e ackln nodul. e
ot hafoBReE A8 G GRS S Sofw@liny sl Jabfeish oRERE SdrEaie
and is s orted on_.a .su rin ot shown) fix e col um
shel | sBRiEdions her fpulige 5&@ RPKAE ﬁ%daf] nggn, s &ﬁl&ﬁfﬁgf 3%‘-*5? blg g geduce the
support structure, Alternatlvely, plurality of individual

st r uct Remesading plgthepiiasds tegeduge éhetﬁﬁpe%uw ar sdidmigrasrupalaiesao g pdteso
formone or nore of the layers 15a-d. Each structured packing nodul es
16 i s Horwhilel 3 the sredngi seeeting thererintie asgly avdk heizhinelet e yonyeationsignd thed
packi ng nodule 16 and is typically rotated so that the corrugated

pl at esspa@ng hetomen hdiguent pletes pd &I provide the desvat pressate drbaaeblnil dlowarapacity
angled with respect to the vertical planes defined by the corrugated
pl at esfoll theistuaaied pasking mydils16. Thi s angl e of rotation is typically 45
or 90 degrees, but can be other angles if desired. 100211The entire

surf acjgez®@f t Behnhyl @5a-2 31 afRnged ficRingnsiimetl B naythohsigarafsing shac@red
texturing and apertures (other than the apertures 24 used to secure

the rogskidg mAluldhes MadbendsSontdiadiy %ﬁbsﬂﬂe%s%%btﬂfm $OthR e Bf §ndPR
the plates 18. Spray nozzles (not shown) nay be positioned above

and/ Orsugf‘dr%\ﬁ’ &he r@gwm Bt ERdwhh TRES 1A uRRLRY @R PNGA utnﬂfr }21‘6’%' F%gﬁ%n

of the ates 18 t dlslodge or prevent the accunul ation o
th I t
of t Eeﬁ%@ﬁﬁ% fé%ﬁ? sl sl DR AN PR o S R
h ht 0 3P /USZ 09/ 057234
el g sﬂ] ltuhe% pac %mot:h\ﬁgs ﬁ?l 491‘%%]6[5( f%[n qey FH%SC] Z’%L}(Q,tfﬁ%b (%31%1 8% ﬁw

2 and er applica
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trough-type liquid distributor may be used. 100221In use, one_or nore
of then$pe iRveumePopienidny vrptal Blancsghalaee pred Vish s8Peet {hihg vertical ppess
internal region 14 within the colum 10 for use in facilitating nmass
t r ansfdsfinethizll tbe coreepated pidesrigdn bdingablaydrs.ul bis sngleahmsiatipo e trpjcally 45 or 90
countercurrently within the colum 10. As the fluid streanms encounter
t he pldepess, b8t dan bt btheoarglesnif desired. st r uct ur ed packi ng nodul es 16, the
fluid streanms spread over the surfaces of the plates 18 to increase

t he ar[egRlpf chintadic arfdcestolivs:, plitke] Bms gederdlyshaotloamd/ e ofieatacexshainge
between the fluid streans. Because the corrugati ons of adjacent

Pl at esind Bp&iigesSaRe thad Py dpefiReneasd Lt aire ik bR teSthe @aMds 18y Mide @Hak
aliquid stream is able to descend along the inclined surface of t
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| ow fl ow zones that typically occur when the corrugations are in
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| ength. Another fluid stream typicCally a vapor stream kew s
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manner, the structured packing nDduIes 16 provide the desired



[ 0023]

Fromthe foregoing, it will be seen that this invention is one

wel | adapted to attain all the ends and objectives herei nabove set
forth t oge01843863 ot her advantages that are inherent RE/§$3009/057234

struct
under s

ure. WD 2010/ 033653PCT/ US2009/ 057234 [0024] It will be
tood that certain features and subconbinations are of utility

and may be enployed without reference to other features and

subcorngy %E‘dx‘?rﬁﬁflg-@h PR GARES ™R a%&q%%c‘@%g% gﬁe Wbty ézﬂ:%ien%qng%g:leg; 16

the i nvention.

025] Si nce many possi I ments na

' ' . ' h h foae it i b
the i nl\{ﬁ{;'gﬁxﬁhrﬁapt(&%{ﬂtayh%ﬁ%fér%té}thnr %?;{c}x];ngz}tgl&%ggc%ﬁ.e e gﬁpﬁlc%tf,?g!i %vhtm% sofids

under s

1 00 ereln r own

i RO i ' ' i lJustrativ nd not in
Zcffgpﬁﬂﬁégﬁglgﬂ’éegd\l\gn%%%s Iu.%u]tdocags% ﬁl&é[g?l{gp Grfetflg gpre?ysnozz es or convent?ona trough-type

fluid distributors that feed the fluid to the modules 16, a weir trough-type liquid distributor may
be used,

[0022] In use, one or more of the siructured packing modules 16 are positioned within the
open internal region [4 within the column 10 for use in facilitating mass transfer and/or heat
exchange between fluid streams flowing countercurrently within the column 10. As the fluid
streams encounter the plates 18 in the one or more structured packing modules 16, the fluid
strcams spread over the surfaces of the plates 8§ 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,



A structured packing nodul e conpri sing: a plurality of
upright, parallel-extending, plates having corrugations, thewglgtes
bei ng ar r a§S1H38433t he corrugations of adjacent pl at eSPEXERAEAE34 n
a criss-crossing fashion with respect to each other; and

spacer elenents that secure the plates in spaced-apart relationship
with the corrugations of adjacent plates spaced fromand not in

cont acfgpyait h ?ﬂf»‘h 1RLRGEsBhd AP &rast freékﬁrteg LB L QRGinRS AN A @bl Yar@'hay
entire length of the corrugations to torman open spaci ng between
faci ng : t.es rein i r-faces Qf th | a

and sarpBiaty ok M8 Bl PELRLD L SeNILARES s biiaBuBbER b

flom/pa%hs f.tﬁrtﬁluids.ft . ’t.2. The structured packi ng nodul e of
cl ai m 4 HRUPE; e $0RE QIPF IRYERIShs extend al ong an entire surface of

each . A 3. The , struyuct.ured packi ng nodule of .clajm1, .
wher e?dqa%ﬁe s aiPFaEray Bpss %G’BH%‘{’@@%P Yg%‘?ngq‘? ‘gﬁﬁe JuRrom wihqut depaging

texturing. 4. The structureggpacking modul e of claiml,
wher ei fiomrBe s99he dherenfeidh i be gagarsterd thalell mattenbareiy sehioshigh shawn in the
pl at es.

accompanying drawings is lo be interpreted as illustrative and not in a limiting sense.



5. The structured packi ng nodul e of claim4, wherein the plates have
a top and a bottom edge and said rods extend through said top and
bott om edges. 6. The structure packing nodule of claimb5,
wherein said plates have apertures at said top and bottom edges and
'said rods extend through said apertures. 7.A mass transfer or heat
exchange col um conprising: a shell defining an open internal region;
and a structured packing nodul e positioned within said open
internal region, said structured packi ng nodul e conpri si ng: 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 with respect to each other; and
spacer elenents that secure the plates in spaced-apart relationship

with the corruga J,ons of adjacent plates spaced fromand not in
contact with eacti®®®er or other structures along substantially an
entire length of the corrugations to form an open spaci ng between

faci ng surfac of the plates, erein said surfaces of the plates
and said openeépacing betmeenAfﬁgﬁﬁT PASEIng Feftle eqFisngy uni npeded

flow paths fOra {)lh%iigsdf upright, parallel-extending, plates having corrugations, the plates being
arranged with the corrugations of adjacent plates extending in a criss-crossing fashion with
respect to each other; and
spacer elements that secure the plates in spaced-apart relationship with the corrugations
of adjacent plates spaced from and not in contact with each other or other structures along
substantially an eatire length of the corrugations to form an open spacing between facing
surfaces of the plates, wherein sajd surfaces of the plates and said open spacing between the
plates form generally unimpeded flow paths for fluids.
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 plates.
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 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,
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8. The colum of claim7, wherein the surfaces of the plates are

snooth and generally free of texturing. 9. The col um of
claim?7, wherein the spacer elenents conprise rods extending through
t he pl ates. 10. The colum of claim9, wherein the plates

have a top and a bottom edge and said rods extend through said top
and a bottom edges. The columm of claim 10, wherein said rods are

wel ded to said plates. 12.A process for causing mass transfer and/or
heat exchange between fluid streans flowing within a mass transfer
col um havi ng structured packi ng nodul es positioned within an open
internal region formed by a shell of the columm, said structured

packi ng nodul es; conprising a plurality. of —upright, ..
paral | el -extendi ng, plates hav%ﬁﬁm%%ﬁl%ﬁﬂ?ﬁgﬁ?%mﬁﬁéoﬁwafggxﬁéﬁhg

arranged with f i ons. Qf. adjacent plates extending in a
Cri ss-crossing g% #@%@a??%8f§%§36%¥+% ach other and being secured

in spaced aparjgk, I i .their .entire |lengths, by spacer
el ements that %asr e&lﬁlgg I;;%E% g@ d‘gl% 8&%‘5’“%%‘%%?%%‘%&%8@ Bl sirugtued
the corrugali.0nsaeqb .adiRGeNt plates being spaced fromand not in
contact wth each other or other structures along substantially an

tire length f AL ANS o £ G OR i t \
Faci ng suri aces’ arona b ARE i B Bl hORED ERERIE SRR Bpine
passi ng_Saidleld witl o eo%gaiowspgg%aﬁs61;1%?%%&@};@15% BREK 00BN R

al ong generally uni npeded 1l ow sai d sur
pl ates apdp&RkdeAR6hesR@ci N t0 cause said mass transfer and/or heat

exchange on surfaces of said plates. - 13. The process of claim
12, includi ng sphrer adetsOhatGasisd MY pBUD S @Q@e’d@biry relationship with the corrugations

of adjacent plates spaced from and not in contact with cach other or other structures along
substantially an entire length of the corrugations to form an open spacing between facing
surfaces of the plates, wherein said surfaces of the plates and said open spacing between the
plates form generally unimpeded flow paths for fluids.

8. The column of claim 7, wherein the surfaces of the plates are smooth

and generally free of texturing.

9. The column of claim 7, wherein the spacer elements comprise rods

extending through the plates.
10. The column of ¢laim 9, wherein the plates have a top and a bottom edge

and said rods extend through said top and a bottom edges.

1. The column of claim 10, wherein said rods are welded

1o said plates.
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uniformflow of said fluid streans al ong said fl ow paths. 14.
The process of claim 13, wherein said step of passing said fluid
streans through said structured packi ng nodul es conpri ses passing a
descending liquid stream and an ascendi ng vapor streamthrough said
structured packi ng nodul es. 15. The structured packi ng nodul e
of claim1l, wherein said plates are constructed of netal. 16.
The structured packing nodul e of claim15, wherein the plates have a
top and a bottom edge and sai d spacer el enents conprise rods that

extend throughiphe plates at said £o ?nd botton1?d es in a direction
general |y perpendi cul ar to the pl RPEES [OF causing mass erANfQE bgat g¥phange

Dock: 19 THLE TIOR8 Bt AR Bt

(hose anephatgs RNl il P g g R B B

verti cal Bﬁkﬂ@t nﬂﬁul@so%ﬂiﬁﬁsrﬂ?gt eal ijhgalﬁwpdofwugxti&t,i r1}({1\’1!&]1&&?-'e:xtending, plates having
corrugations, the plates being arranged with the corrugations of adjacent plates extending in a
criss-crossing fashionwith respect to each other and being secured in spaced apart relationship
along their entire lengths by spacer elements that are positioned at top and bottom edges of the
plates, the corrugations of adjacent plates being spaced from and not in contact with each other
or other structures along substantially an entire length of the corrugations to form an opet
spacing between facing surfaces of the plates, said process comprising the step of passing said
fluid streams through said structured packing modules along generally unimpeded flow paths
formed by said surfaces of the plates and said open spacing to cause said mass transfer and/or
heat exchange on surfaces of said plates.

13. The process of claim 12, including the step of causing substantially
uniform flow of said fluid streams along said flow paths.

14, The process of claim 13, wherein said step of passing said fluid streams
through said structured packing modules comprises passing a descending liquid stream and an
ascending vapor stream through said structured packing modules.

15. The structured packing module of claim 1, wherein said plates are
constructed of metal.

16. The structured packing module of claim 15, wherein the plates have a top

and a bottom edge and said spacer elements comprise rods that extend through the plates at said

top and bottom edges in a direction generally perpendicular to the plates.
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19. The structured packing nodul e of claiml7, having a verti cal
hei ght of up to approximately 6 inches. 20. The structured
packi ng nodul e of claim 17, wherein said rods are welded to the

pl at es.

17. + The structured packing module of claim 16, wherein said surfaces of the
plates are smooth, generally free of texturing, and free of apertures except for those apertures
through which the rods extend at said top and bottom edges.

18. The structured packing module of claim 17, having a vertical height of
approximately 2 and 7/8th inches.

19. The structured packing module of claim 17, having a vertical height of up
to approximately 6 inches.
20. The structured packing module of claim 17, wherein said rods are welded

to the plates.
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