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the priority benefits under 35 U.S.C. 11 9(e) of
provi sional application Serial No. 60/828,900, filed
on Cctober 10, 2006, the entirety of the disclosure of
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[0002] The present invention relates generally to nmass

Cross-Refiei@to faYAte@ Appicatiée W th chemical process and
mass transfer reactors and col ums and, nore
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surfaces between a downwardly flow ng fluid,
Backgnoppidwdithg/Inventiguni d stream and an upwardly ascending
fluid, typically gas or vapor stream or another
[0002] | i gliicobrsichemventRandtimsprakialg temasserdns fodyvibe fas ee with chemical
a variety of chemcal and treatnent processes, such

process@8nd hiss @4A0R} @eact € tahll | GAINRNanB tHbRPpBHeularly, to random packing
fractionating, absorbing, separating, washing,

clemenfXbf 8&tihWeh %ract%fyan(atgaﬁ{mr%h ecimfefnltilaﬁ %i*%lé&@@g %etl%ﬁs of making
treatnent-type processes. nerally, e dIscrete
.random packi ng. el ements have a specific geonetric

and “S]’%%‘Eg r ‘%’g’m E?Cgl eﬁ?‘ﬁ?ﬂiﬁ to maxi mpze per f gr mance for a
given mass transfer surface area. Because the random

[0003] pacandgmetretrmined paclengsleareais aje dompaly owplpwsdiorgag-liquid or liquid-
packed into the columm shell in an arbitrarily

liquid emiashtiaved Eackednded protide snadedianafel suffacest beeween a downwardly
i ndi vi dual random packi ng el enents to have both high

flowingnfgg, typras§ erigafd iteagnayd andpgoaty fceidnd i6id aRagilk Ygas or vapor
when positioned in nultiple rotational orientations

stream WM doldtHer LREidRAEAAD RAGGhM %‘Q]&Q@@l@%ﬂt@ 3hay be used in a variet¥ of chemical
PCT/ US2007/ 080279 [0004] Random packi'ng el ements o
and treértrxglt%rétﬂwg?é;ss%r, tsuc%xils? tforI epxa%lp ea,rrzec%tf%at(i)én,ss l’la p%lsg, %rna%tionating, absorbing,
separating, washing, extraction, or any other chemical, heat exchange, or treatment-type
processes. Generally, the discrete random packing elements have a specific geometric shape and
are designed to maximize performance for a given mass transfer surface area. Because the
random packing elements are generally dumped or randomly packed into the column shell in an
arbitrarily orientated packed bed, it is desirable for the individual random packing elements to

have both high mass transfer efficiency and good hydraulic capacity when positioned in multiple

rotational orientations within the packed bed.



I n general, random packing el enents are constructed of
netal, ceramc-type material, plastics, glass, or the
wo 2d08/06@dMmonl y, random packi ng el enents are PCT/US2007/080279

cylindrical, arcuate or "saddl e- shaped" or have

ot her, non-arcuate shapes such as spherical, toroidal,

and the |like. One disadvantage of the random packing

el enents of the prior art is that often the

[0004] per Rardvanpeckafg ¢tlhente lof thenpriarsarhégstl iy adeypendeinghapes drtdsmaterials.

configuration and its orientation with respect to the

In genéi‘hlr esfdofNpacking tiewe®E afd bdduraéte@ dfendidll 0&t@Mid-KBe material, plastics,
el ement wthin the packed bed. For exanple a Pal
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nass transfer, but, when viewed perpendicularly to its
disadvangaggiof the aforaRReking plemenis od e Prisr gl ket aft%tigﬁ negfpgpaance of the

surface area. Because of this difference, the surface
clementisdighlaviapénalohieorf s confegueationiagdiit asrentatiquivdhi tiegpeictito the direction
contact vary with the orientation of the el enent,
of flowwTifeiy sttdatrisrAtoably the addrh@n twdthim theglaciteirticds Hoe efoprencall ring is a
In addition, the large surface area in the direction

well- knB%p@)ni%H&Uﬂyﬁé ph&kihHend: MYt BN/ oiaéqbﬁiecptvaﬁbﬁm? ‘"i‘illtkmal tongues or
ring’s dlsadvantageous in‘that “it tends to "sh
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area foQgps FBUN For oy aci TAES SEIIICHAGH ARt on B s, the clement
volume is disclosed in U S. Patent No. 5,112,536 (al so

presenty af eary dalge suneicedTpa. aBecase of gis diereneo therﬁgface areas available for
saddl e- shaped random packi ng el enent di scl osed therein

vapor/lignal ediégid/ahtidravatachgaranvatiedheionieetatiam df Giet @ementpwhich, ultimately,
el ements that define an interior volune. Wile the

affects RREkd1BEent® SEEBIMMcEC| @gedditiont NBe ' 103R RAFRBL alkh OMI @RS direction
i mprovenents over ot her randon1pack|ng el enents of

perpencil@tﬁ td fe B rh%dlﬁalazix‘*w of 6 BEE S U &@%dv%lt%%édﬁ@tmctﬁﬁ '}t tends to

er 1ts performance. For exa rvature o
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PCT/U82007/080279 posi tioned closely together in the

directiogane curved plane, thereby restricting the flow paths

for fluid
[0005] A random packing element having a more uniform distribution of surface area

throughout its entire volume is disclosed in U.S. Patent No. 5,112,536 (also referred to herein as
the ’536 patent). The saddle-shaped random packing element disclosed therein includes
alternating arched inner and outer rib elements that define an interior volume. While the packing
element disclosed in the *536 patent provides improvements over other random packing elements
of the prior art, it also includes limitations that can hinder its performance. For example, the

curvature of the packing element disclosed in the *536 patent causes the inner rib elements to be



streans passing through the elenment. In addition,
because the ribs of the packing elenment of the '536
wQaioens70ar e generally centrally | ongitudi nal | ypel/useed980279
the first rib elenent encountered by a fluid stream
typically shields the subsequent rib elenments from
fluid contact. This shielding effect can reduce nass
transfer efficiency by reducing the elenent's
positiorefif dotel wo gstherf imctbe aaeaciyed plms,ghenbly oostrinsiag the Hawfpaths for fluid
Furt her, although the '536 patent discloses the
streamsPRS§h Qlt}{rbﬁgh @b cldatdnt. Nt adaittorQ bedMbeEthe irfbs @if enEpckingribment of the
bendi ng the di sconti nuous end into the interior

’536 paYéHt ldf@egenterh@lytﬁéhﬁalﬂf longi?@dﬁzﬂf}f AR edrBa gk rfbhﬁerﬁ@iﬁ%%untered by a

ki ng el efrent of” th 536 "patent remains outsid
fluid streta%kiy%tlcelil I’hlel o he Sél Jqloglgte%b A{%%E?Iﬁ%r fréfﬁpﬁul(af 11%9()':?}118 shielding

effect cgltl ?%ﬁgZ?léas& rtYﬂ?F’fﬂ g@ci%&we@wﬂ% Elglxelflétﬁ %Itl\\lfle %llilr%ace area for
general ly S|nu30|dal fashi on between planar outer web

mass argl/eraledehriransfen: ebythen althanghather’ dhtiontepadikelpgss teg porsibtlity I cutting
di sclosed in U S. Patent No. 5,543,088 in which a

one or pbrerré elements asd bepkingicelidontiatone end inpd dranteendvolume, the bulk of
attachnment areas. In both of these patents, the

the surfh@lirgh dpae r§ﬁddnﬁ)gac§<ﬁ@g SeMBAC AR t338Iah@k rendifNButsiA€ bF its interior
m dpoi nts, thereby providing an area where the strips

volumedl € crowded together and through which passage of gas
IS |npeded In addition, the packlng el ements nust be

mat eri.al of. su | cie t hi ckne and
100061 ¢ r@}?@ﬁ%% B iR P LT b NSNS B No. sss2772
or attachnment areas. It would be desirable faor

In that t’ﬁéntr arioiHiaeiindly @1k e it Brovided andcamh Sl attels 1n a generally
that resists deformation using relatively thinner

sinusoidgdugshiomtberviceh . plp@O0NderThval , attachmeed @xdsst &\ fonilar random packing
random packi ng el enent that maintains high nmass

elementt ik @isfed ireUfS. Plaginc Noafd43 088l ihylicaul ploratiapaftdttiys siefis between
positioned in nultiple different rotationa

planar e‘ﬁﬂ'aﬁﬂélﬁ‘ﬁén@ Ql%aw idmn Bme&gﬁl&%@s @%Qndﬁﬁﬁ%mtﬁg§% %bﬁfnected together
the packing el ement shoul d be easil 008/ 067031

along tl’? q:T/ Lﬁﬁaﬁ Z/ 91%?@03/ n@o%qg%?ta%aegrh ttlﬂelsltrl}g ngrtehcl:r{)wged together and

SS "a con gurat
sts the t
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through %]BSII stsageeoSI‘l gas 1s 1mpede(¥ pﬁl gc{dltgoen e paciqng e e%?e%tsl l‘l?]lel(sjt be made from

material of sufficient thickness and strength to resist deformation of the planar outer webs or
attachment areas. It would be desirable for the random packing element to have a configuration
that resists deformation using relatively thinner gauge material.

[0007] Thus, a need exists for a random packing element that maintains high mass transfer
efficiency and good hydraulic capacity when positioned in multiple different rotational

orientations within the packed bed. Advantageously, the packing element should be easily



Brief Summary of the Invention [0008] In one aspect,
the present invention provides a saddl e-shaped random
w@amRioem3l el ement with a generally uniform opePCT/U82407/080279

vol ume when positioned in nultiple rotationa
orientations in relation to the direction of flow of
fluids encountering the packing el enent. The
saddl e- shaped el enent of the present invention

manufacompt wsisliglepai no ofastcametcalkl gnd pagsess, a coofigiratiel pgt more readily
el ongat ed, arcuate side nenbers which may include

resists tha@ypl df\dchpimagbi dédcabgbshovdhe side nenbers
cooperatively define a Iongitudinal axis of the

Brkfshﬁﬁﬁﬁi YEhPf¥dtne! ement. In addition, the packing
enent conprises a plurality of inner and outer

[0008] ar gﬂegné I Pecll eﬂl%ngtseseﬁxh%% 0319 Iorvﬁ)dpsay%ag(ﬁ[a \Qﬁﬁﬁdt BSdom packing

’tocoperalve eflne an 1 nterior

elemengg\lfx nerg\rlgBterga éﬂ%ﬁ{ggnﬁ%f?lélb@&’é gﬁ% megpfoal}tpo%g(rl 13 nmul%p le rotational
alternatingly msaligned fron1the | ongi tudi nal axis

orientaiggnstihaclpaek intpeelieptiaon of fave ob fuits enpemisrengehe padape clement. The
have a w dth which is the sane as or up to or nore

saddle-tlmpad t vlement hef Wiedtpnesefit tihecnitionecomptiscel enmpait sof Thierally spaced,
total nunber of inner and outer rib elenments can be in

longitulliAg11y aRegated, e AlotemBerls OviaBiotay 2@1udthadials @pahitih@ges. The
term "arched"” in describing the rlg el enents Is

i % SBRISor HiahyAANE PhcRiEV&bnent. 1

e B T PRS2 o TR U RNE, Ak ffneur. 1n

additio%,oﬁxg- %}%lngnglglilfertlt g?@%réseg\r%dggl{aagy g%‘tl hel":jl ngnd Otl?ib(%r]hec} rib elements
saddl e- shaped randon1pack|n el enment of the present

extending Jkost pshbeipsen dsstciBeBbet T poeRStatisA delipe ab gt volume within
that is of a | esser height than the inner and outer

the packing e¢reensntBheainderi and/dr owitdr tribd¢ ety naiiysyrosleged etitheemalternatingly
consecutive inner and/or outer rib elenments. The

misalighe$ §ef the fongitheimendxid otthe geckiad clbmast Tdreutkririb ganaits can have a
and is at |least partly disposed in the interior volune

width v(;ﬁlch tshtﬁe BARKLNE: & RN®Nhore théh hESSEE Witlhh &l tBERIHeS1iB %[bments The
be at | east partly continuous or at least one rib

total nuﬁ‘%e?gp ?1![1916; 30]utté3 q%eél"%g 81&9621%%{16 ﬁugﬂgp oﬁ%ogt% {Baa%%ut 20. The

I'sconti nuous Create
nent s ch.hav ee end.. Th b se t
use of fhef ﬁﬁ%@(@em PTGt SRS GoR eAgedblp BERHGaDerp clements
in radi al

that have a curved shape as well as those formed from multiple straight lines, such as those
having a “V” shape, or combinations of curves and straight lines.

[0009] The saddle-shaped random packing element of the present invention also comprises at
least one rib element that is of a lesser height than the inner and outer rib elements and is
longitudinally disposed between consecutive inner and/or outer rib elements. The lesser rib
element includes at least one drip point and is at least partly disposed in the interior volume of

the packing element. The lesser rib elements can be at least partly continuous or at least one rib



opposite directions or in the sane radial direction.
[ 00010] In accordance with one enbodi nent of the
w@e@sesto3i nvention, at |east about 20 percent POF/U$1987/080279
total surface area of the random packing elenment is
defined within the interior volune. Conpared to
random packi ng el enents of the prior art, the shape
and configuration of the inventive elenment increase
elementragg bemaatksfdscopfifiiais émtherdby qeady ivdd slprier mbrsegmaith dratneach have a
surface area distribution and |less restricted fluid
free endl.| Qlepél feemwhencdnhte jpagiendghtBl grrRivined,asueh po iythedpesknt fn radially
multiple different rotational orientations within a

oppositgﬁﬁgﬁ%ng%giﬂ fhe ah € ARELWirBE im0l uMm. [00011] I n anot her
aspect, the present invention is directed to a nass

ransf.er .bed, .an r aj ni

[00010tararleﬂ,ac|§onrd5\1}]c% %ﬁla(%lpe]ae&l}%ol%?ﬁénq &f ﬂ{e@%%eﬁ%&%qgét%rlﬁ%g about 20 percent
el ements described above are positiqgned.in a .

of the t@&ié? Mqeyarea Qi dif BRIURPACF IR eﬂ%ﬂ%ﬂf 5 flelened Wighle th, interior volume
whi ch mass and/or heat transfer between or anong .

Comparedyfodragtemapaskingy clewenis .ofBhi afrioDesl rthgshane ofd eprdiguration of the
Drawi ngs [00012] In the acconpanyi ng draw ngs that

inventifeoelempatr incofisd hass pecifdri affitiensy by graviding @ dberer @atbrinnsurface area
conjunction therewith, and in which |ike reference

distribufigARmal [8ssafeBtridseRdflhia fiddipatievhdrk@ienstickgl dethBfs are positioned in
various views: [00013] FIG | is a side elevation view

multiplsfQ Ei R SOROSHATB ALt Aork Q‘ﬁ%‘gﬁj g?&]’g{? ggéf Eﬁ?reﬁ&t&m&n{ol @i,

e present 1 nvention; s top plan view

of .the random packing elenent illystrated in FIG 1,

100011 bR SRR ORE J el SBRLL ialtEE S bR o eSS ol 6. and a
FIG 1, [00015] FIGS. 3 through 13 are various ,

reactor (g GBER | ARIANIBESATT: theViigh doUsalEK ¢fgths) Brdam pagkiign clements
in FIGS. | and 2; 5 WD 2008/ 067031 PCT/ US2007/ 080279

describ§d) @igv@] arFIpGSitioned irhn @ggéralhp rardeny arigrdatsoper peciei ¥ gone in which
vi ews of anot her enbodi nent of a random packi ng

mass angll @neattraefts betwete dr amoBctoiddasass iy bedure present
i nvention; and

Brief Description of the Drawings

[00012] In the accompanying drawings that form part of the specification and are to be read in
conjunction therewith, and in which like reference numerals are used to indicate like parts in the
various views:

[00013] FIG. 1 is a side elevation view of one embodiment of the random packing element of
the present invention;

[00014] FIG. 2 is top plan view of the random packing element illustrated in FIG. 1, shown on
a slightly enlarged scale from that shown in FIG. 1;

[00015] FIGS. 3 through 13 are various perspective views of the random packing element

shown in FIGS. 1 and 2;



[00017] FIG 27 is a fragnentary schematic view of a
columm or reactor containing a packed bed forned from
wo b@swerosom packi ng el enents of the present i NRENUSINT/080279
Det ai | ed Description of the Invention [00018]
Referring now to the drawings in greater detail and
initially to FIGS. 1-13, one enbodinent of a
general |y saddl e-shaped random packi ng el enent in
[000165c cBiGRNke tubtgh Eheare praggenpelspectint ivoews of rappihes embediment of a
generally by the nuneral 10. The packing el enent 10
randonCHIRINgSBEM erd Roduaiat én hadydahde vith medpresent heesthapendf a
partial torus. The arcuate body 11 can represent in

(00017 g heprange;s Qf frdoniMt2P itenmatit Q&P 9?‘5 célgnﬁe&rcx‘éﬂttoroéonf[diﬁﬂg a packed
to 25 percent of  the volunme of the torus. 1In

artlcu i 11us ate bod 11
bed forHerd fronk 2 ranc}om nggctkarfoeqelgggg gf(’e tﬁ{? g%seﬁtqﬁveﬁlﬁ}ét ely 2 5%//0 of
t he volune | ete torus. [00019] The packi ng
De“"“@ﬂ@ﬁﬁﬁP“?B"S&H%?P@E Oy pair of lateral] y-spaced,
ngitudinally elongated, generally parallel, arcuate
I00018k| dlgefn@mgen@,w 1o hadiragingThe stae depband mpiallido1GS. 1-13, one
optionally, but preferably, have radially upright
embodifnleangd ®lgemenllys siddlanichptd mnddrhgraebingf demerdtwm atooadagbs with the
20 and 22 that serve to channel liquid along the

presentSVdh@6 . iPfepiientBRedichglydyaRB AtmdRl 10 Thepacttidpedéhen 10fcomprises
the longitudinal ends of the arcuate body 11 of

an arcugtl% X 'dgg 1%3{@({1%‘ ho gh%&%f a O&M%h q?rug ORhL Q I%HX gfl daf fepresent in

nbers 1 'anges 1

the ran%&?f?}:%laﬁ%ﬁ%% ﬁg&rg@{p' p%?qeg% n%mp Hé tﬁgg&)grfcg&tof.t[he volume of the torus.

ss-expensive and_|ighter-gauge materjials in
In the W@I, idlypirated g}@p@cgplﬁnb ,t}peo@rcaqxtg bpdyddaf Fp&glklpg] glement 10 represents
el enents. As an addition or alternative to the flange
approxiglagetg 36 % digharelung,of alsempictietomsnbers 12 and 14 may be
strengt hened by enbossing, being fornmed in a
[00019pi nMlisoipdakingr eleikeyr 1Mavemprisdsi lae padr obylartdigrspaeddnodagitudinally
6 WD 2008/ 067031 PCT/ US2007/ 080279 [00020] The random

elongat@@%n@ﬂﬂl?l}ﬁgﬁm a]nga?é §1@e I diede$2 andlur atid ¥idefmdned 12 and 14

utef arched rib elenents general | y designated by
optiona 12 bggﬂ@%@%@r gié‘r/éspagi)l(%@ ua)r ;ﬁg%&ﬁ dﬁ?%%%%ggﬁ aglli %‘?Qtﬂ? r@oﬂf form two

troughs]2% anlgid221t%atasle?\p gto cl'llanne‘lz3 ﬂgulg along tﬂee SL%EE&;[&I‘, %tf%le pac%mg element 10 in the

direction of the longitudinal ends of the arcuate body 11 of packing element 10. The arcuate
configuration of the side members 12 and 14 and the flanges 16 and 18 provide a configuration
which is resistant to deformation, thereby allowing the use of less-expensive and lighter-gauge
materials in comparison to certain prior art random packing elements. As an addition or
alternative to the flange elements 16 and 18, the side members 12 and 14 may be strengthened by

embossing, being formed in a sinusoidal or other wave profile, or by other methods.



11 of the packing elenent 10. Opposite ends of rib
el ements 24 and 26 are integral with, or are
wWOLrsnwiose connected to, the side nenbers 12 apcr/182007/080279
respectively. As used herein, the term "outer rib
element” refers to arib element extending in a
direction generally outward away from the |ocus of
the radius of the packing elenment's arcuate body 11.
[00020]As Tizedndien packing tlemewetr 19 dlsnineludes d pluadligyrehinhen asfleuger arched rib
to arib element extending in a direction generally

emenﬂsrg\éﬁéxany awagchtédigy 1HeGluseadls 24 bed padiestfecfely hRitpelekieng 24 and 26
el enent’s arcuate body 11. Each of the outer and/or

genera 18&9@&1 dﬁcg% 3&1@ BEeen sidé n?éﬁ%e?@l?ﬁiﬁl Wﬁl@ﬂgt&%‘@g‘cﬁ‘bf the arcuate body

|nmard respectlve y, along a radius of

11 of tth Rdgllgﬁ]r G %%eentggné) 0si afi quds lt( {xﬁ%leenlrl]eﬁlgfﬁ]% a d‘? 20 are Ptelgral V\bth or are
el ement s 24 and 26 mm end at an a nter

otherwipe, sopngqied <o, mier P Nt egnip 217% 14, Feég?pgg/?llyvl §, usesde gerem the term
general |y designate the radially inward and the

“outer rrtadlicienty refgtsiaradriklclemeni evending inradizaction gereralheoutward away from
packing elenent 10 in FIG 1. The total nunber of

the locusfelie radiais ofitierpacking eleareatit arcidte bady 12.6 Asanedkereinathk yerm “inner
be in the range of fromabout 3 to about 20 or from5

rib elente@t IréferEQME rib RN@Kent bRen®hEMRNESectibn dRFerhll Y Brvldd RJwdrdl Bhe locus of

el enents 26 are present in the illustrated enbodi nent
the radlﬁ.‘% 8%@1%?) Ei!gng & r?ﬁ{egﬁpgn%g%tﬁgbngQ gﬂ: Atgl lr)it %H%P{eﬁ:ﬁ%ﬁ?gf glﬁler rib, elements

2 s T TG L 0L BB s o o

the side nenbers 12 and 14. The degre

arcuate Hegpddi i nackipgserneng 10nt aieraptelyosome of @}1 qfatb% inngh@ngpr outer rib
liquid passage can be facilitated in part by the size,

elements apend &0dmey iextendt dtoam afigle nntersecting thet mdiusar Ahrewsrd7a and 27b,
el ements 24 and 26. In one enbodi nent, inner and outer

respecti®éighedndrhilly elcsigbnt Sh@4adinlty idGardaghl et edthligeagnatd Mirections in
radially and are essentially the sane height. 7 WO

reld‘uon%Q 9§J fa@ﬁﬂ%%l&g{t y@%@ﬁl@ QS Ohéotal 1@[99@&]0)‘? B{ﬂér §xllc‘?5'[ﬁ5‘1t1% &éments 24

be centra l'y lTongitudinally aligned, or,

and 26 Parnﬁ%e%%raﬂg)ﬁe 1§ g% frg&glggut@{%abml? % 61?381%058{001'9 Four inner rib
emeﬂtafgﬁ f d“@%%% Plﬁalsma 3 20 iEEC A sy TEHEHEY REb SR ot packing
0 ui
element 10.

[00021]  As illustrated in FIGS. 1-13, inner and outer arched rib elements 24 and 26 define a
generally arcuate, interior volume 28 within the arcuate body 11 between, above and below the
side members 12 and 14. The degree of accessibility of the interior volume for vapor and/or
liquid passage can be facilitated in part by the size, shape, and orientation of inner and outer
arched rib elements 24 and 26. In one embodiment, inner and outer arched rib elements 24 and

26 each extend generally radially and are essentially the same height.



contact created by centrally aligned rib elenments. In
addition, the msalignnent serves to open the
wo oovgiosmeai nal fluid flow path through interi orPeDUS2UB7/080279
28 of the arcuate body 11 of packing elenment 10 by
m nimzing the shielding effect that results from
consecutive, centrally aligned rib elenents. Further,
the | ongitudi nal misalignment can reduce the tendency
[00022hf Ribeclementp2¢ and B6 caf be oendratlzneteugie Ry aggrsideor prefai@bly, can be
to becone interposed within one or nore rib elenents
alternatddglphligili gne@igmM @ackilagiat aeais30 d0the Aaraateddd9dsibest illustrated
packed bed, an occurrence sonetinmes referred to as

f I hﬁﬁ@d‘%{ efifd Qhﬁﬂ% 1 f fluid
1 AT S PR TR TS e

contact ﬁreatgcﬁ ﬁ}K g%ntp ?% al%@t §]elernr1]eents\ém J(.jnlt Qdd(i)tflc%negfgehmlﬁﬂgﬁméﬁt%erves to open

out er

nd ent ted for .the desired erfor ce
the longid g fJé’fyi‘bP?t&Ség%"Bﬁ% intggoraYoIWRa gl &, e pralh gy ot packing
the outer rib elenents 26 may be the generally the
element Aprby agniorizing thoshoeldimgreéfeetihat resulis deom pensgg v, ehtrale aligned rib
inner rib elenments 24. Because of the curvature of the
clemensat duather, biodipngiftudiig mipdpkinegt @netdute thidtentidreyiafweae or more ribs of
arched rib elenents 24 are positioned nore closely

one rand8BE}RRMgATeméMEY 180t A adddYvitiIW@he or aforé SibRE&Skents of other
seen i n EIG. 1. Therefore narromer i nner arched rib

random? te?’eu%ﬁnt%%@ F'a 1%0419 p&ﬁhar{ g&tuﬁ]el%e' s%%tlmes referred to as
xper ence y flui Stre Iomﬁng t hr ough
o . nt 10 in adl out war d dlrect
nestin eS| b]ﬁ%{n&d PR anst oot Ml ok %%ngtseﬁqwﬂ and vapor
1, inner rib elenents 24 p03|t|oned further
Chmnka%ﬁﬁ$ﬁ@h@ﬁ§§€6be¢he arcuate body 11 can have a
smaller width than the inner rib elenents 24
[00023posThe wméitl @l embrinhe tiheclemes Fb anthaiach wotee petenspadé may be
is provided between the inner rib elenents 24.

indepeniddily kelb@td Yorothe aletieddngdriorlace int fuetiCulirogplioftionBNeXs an example,
rib elenents 24 can be reduced and/or the inner rib

the wid®l SMBRIS &AM BRRER26 l%ay@e 2R084H6:03he same as or up to or more than
PCT/ US2007/ 080279 outwardly fromthe radial direction

twice tﬁeﬁg@@ﬁiﬁ tﬂg Ar.g{ef 8133%5 ﬁ?&ﬁiﬁa %g@g%&h@?g&&%&d%{ﬂ@ ?fcu%fe Body of the
pdckmg egl%rentaﬁ&htﬁg ilrnile? a?clheegenqat glei?h%nt%aﬂl glrgdpeos%%%gg c}llre cﬁ)sely together as
they extend radially inward, as is best seen in FIG. 1. Therefore, narrower inner arched rib
elements 24 can minimize flow path restrictions experienced by fluid streams flowing through
the packing element 10 in a radially outward direction designated by the arrow 27b. As can best
be seen in FIG. 1, the inner rib elements 24 positioned further from the ends of the arcuate body
11 can have a smaller width than the inner rib elements 24 positioned closer to the ends so that

more open space 1s provided between the inner rib elements 24. Additionally or alternatively,

the number of inner rib elements 24 can be reduced and/or the inner rib elements can be bent



greater than about 1 mllinmeter (nmm, greater than
about 1.5 mm or greater than 2 nm The w dth of the
wouiene@msched rib el enents 26 can i ndependent | BCTES108%680279

than about 5 mMmm l|ess than about 4.5 nm or |ess than

4 min order to avoid the creation of stagnant,

| ow- mass-transfer wake zones that formon the outer

or downstream si de of excessively wide rib el enents.
outwardlfeem thakedrpdnbsctoe tggneyidt | grealerd spacingbbeswican tadgacent inner rib

they reduce the mass transfer efficiency of the
elemenfs@adom packi ng el enment 10. [00025] The packi ng el enent

10 additionally conprises one or nore |lesser rib

[00024F! eXERt $x 3418 thedvil@l SNthe WL Rrdhed [r@SSehBAB 2uNRTin@Pdndently be
outer rib elements 24 and 26. Lesser rib elenment 32'is

l.ongi.t udinally di sposed _between,consecuti

ereater GRS PARA"aEl MERACEICRENH U6 exter g 2 rom. The

width ozﬁgp’soétgr %E%éieﬁgo :g}r}ag‘psg_% g%dﬁ%]prég %gl%lgﬂ%: lﬁ%%trt%ar? Q‘t?o%% IStrgm, less than
enbodi nent, one or both ends of one or nore of the

about 4 ewrorrlets ke denmsin3zderalp dyeid dierreention cdrstagaejtafeymass-transfer
rib element 32, 24, or 26, rather than the side

wake zoreghkatSorh? oankk duter dindowisgsan sidelnf esteriznly WBideir® @éments. These
| east partly located in the interior volunme 28 of the

wake z@xﬁé‘suﬁkegeh@ﬁ}l% JhaediraBRCk Mgt nRlerBide He hessMBIRie\Eti¥ncy of the
di stribute the mass transfer Surface throughout the

packi ng el enent 10. Generally, at |east
]andmn§%gﬁggfg%gﬁpg%nt, at | east about 40 percent, or at

oouzs) 525 RRoR ISR b Set LR35 AR gt M ctoments 32 o
interior. volunme 28 of the _arcuate body 11 of packin

a heighp vdgdnts 1egs, thpp ipnes ang oyt iy elgmens di #hg0. Lesser rib elgment 32 is

~approximately 38 percent of the total surface area of
longitudinzihodnspesed ibrgvesh eresecutl@® dlradiogtoater and tilien ribngleméeds 24 and 26
vol unme 28. 9 WO 2008/067031 PCT/ US2007/ 080279 [00026]

and, in dieerhBsBREnt istcohem®NitSts 3Ppodity endsiepaedaiasibyrskie and 14. In another
conti nuous, discontinuous, or any combination

embodiBEL, 8AE or 86 H8OL Bhe SNABR tHe HVerWaY elethPnt® may be joined to an
enmbodi nent, one or nore of the |l|esser rib elenents

adjacen[r?% ggmgl%nﬁ %9%‘? %?Qatﬁgrnghan ftl% sk Jn§ers '&E ;Inlgiel{ior'[@e lesser rib
or a Si ne_ wave Wlt _one O_F rrpre pea_ S an_ trougns

element,ts%g% tré%t\étl g@eﬂg rl(l)c%te%olln r%ltles in\{\gr}o? va)lutnpeeZé roq" t%%la?cruaﬁer go%?t 161 of packing
element 10 to more evenly distribute the mass transfer surface throughout the volume of the
packing element 10. Generally, at least about 20 percent, at least about 40 percent, or at least 50
percent of the total surface area of the random packing element 10 is located within the interior
volume 28 of the arcuate body 11 of packing element 10. In the illustrated embodiment,

approximately 38 percent of the total surface area of random packing element 10 is located

within interior volume 28.



referred to herein, the term"drip point" refers to
any continuous or discontinuous edge or point from
wokioshetosgui d may fall or drip. Drip points capSEUS1987/080279

liquid falling therefromto formsmall droplets,

which facilitate enhanced vapor contact to thereby

i ncrease nmass transfer efficiency. [00027] |In another

enbodi nent, one or nore of the lesser rib elenents 32
[00026rayTlxelesset ribnaemenetd 82 dhac owtpandontdy, be hertatwpus, alisdongnuous, or any

two rib segnents 34a and 34b that may be independently

combin@fib1€ teegb Whidhbent toh@hpetien iaal Wil UlitordGertbodifientpankongiore of the
el enent 10. As one exanple, the rib segnents 34 and

lesser ri\?/%a erlBiis frﬁ%@%oﬁtﬁrﬁ%ﬁ@%d Bt Yoot Bxdnfifte [iRKHB Bfm@raishR wave with one

ve, but wth their free ‘ends offset to form spaced

or mor 80 41 BRI B0 e M B B oo 28 s
radial, directions to formmirror images of  each other .

referredyoehereinetig derh bR PANY deE OpERONHRLAIS 1Y dRSPRIEIOUR fdse or pomt
rib segnents. [00028] The width of the |esser rib

from whichrgmtdma® fdher diép.t Peppaings etuseliltfef lequath falking therdfgom to form small
width of the inner and outer rib elenments 24 and 26

dropletd, bficlefit gitdle Enhanbe&l spoecsmatit & thdidbgdidresse nlass trimesfer efficiency.
illustrated packing el enment 10, each lesser rib

[00027F! eBRotR2 cRAS dRRINE, CoteNdH @b @i S8d¥Br Mib HdnéSs 32 Meay be cut and
wo inner rib elements 24 that are positioned i nwardly

t
r ] t :
made AN, S8 Cl b, FEHBLERAN 21 AOREPIE gy
. | epents 24 and 26 and t | esser .rib el enents 32 .
ortente GG tite 116G YOUTRAP TeRGUHeDn SN g e g, the ri
10 can be varied to suit particular applications. _
scgmenpy 34 apdBity mayhenpaip S@S@ﬁﬁﬂ& ipihe fopn o4 Rcping Wareriy With their free
spaced apart from adjacent rib elenments 24, 26, and
ends of 82t @l oy spheidraperitdripepdimngithsnotearcapmnple theheh segments 34a and 34b
respective ends, so that the packing elenent 10 has a
may bolOBEbOD @Ntheahi gudialt digtididbab foesudes: inhgeopPpaich Wilic when viewed
for 10 WD 2008/ 067031 PCT/ US2007/080279 bl ocki ng the

about a 9&BAIRshe J.0uh OhelVekih B2 I ¥-gHQRst he packi ng el ement 10.
In order to réduce the opportunity for rib segnments

[00028@??@2\?@ 4(21‘ tlhg ée%gfgé'g)aeciki grg% r% g%g&% tr%l%%%é]lg rop gg@%{ﬁ grom the width of

. elenents 10, it is generally desired that the rih. .

the mngreﬁgﬁgtgr g clgmgnts baq%?é Bliatﬁggqnfil 1/niaa saﬁleéiagqualrectlon. In the
| ongi tudi nal end of the packing el enent 10. Thus, the

illustrateql packing element 10, each lesser rib element 32 has approximately the same width as

the two inner rib elements 24 that are positioned inwardly from the ends of the arcuate body 11.

[060029] The number and arrangement of the inner and outer rib elements 24 and 26 and the
lesser rib elements 32 along the longitudinal length of the packing element 10 can be varied to
suit particular applications. Preferably, the rib elements 24, 26, and 32 remain spaced apart from
adjacent rib elements 24, 26, and 32 along their entire lengths, except at their respective ends, so

that the packing element 10 has a more open configuration that reduces the opportunity for
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segnents 34a and 34b are preferably positioned
inwardly of the |ongitudinal ends of the packing
we@b@s®etosl so that they are shielded by rib el er&nuUs2087080279

26 or 32 which are positioned at the ends of the

packi ng el ement 10. [00030] In the illustrated

enbodi nent of the packing el enent 10, each lesser rib

el enent 32 is positioned between a pair of inner and
blockinguherdesirdsl 8bwnenflsidg4hrangh 26 padkings elemlentc br dg, order to reduce the

possible to independently position each of the |esser
opportuith f&l EedpinsenB23 aeinweeb ipand Sackingtldrednt 10 o Bb@nEhtRments 24, 26,

26, between pairs of inner rib elenments 24, or

32, 34aREBUEER O@l@y PMM R IO 6, "ﬂ is n&h1y E@sn%h WRMSB ge%ments 34a and

inner rib enents 24, and er ri el enents 26 n

34b noE e éaos!ul’cl)St %tnee(%thtem(ﬁ%ltﬁgf%l ?lfl(% ﬁ)g%éfp %ﬂl eleﬁLe?quﬂt '%ﬁ)us the rib

elenent , and four |lesser rib ts 3
seaments Srang R HBEHE ym%@%%mg@%aﬁﬁe 3 fire Syt he packing

elements 24 and 26, with the two centrally positioned
clement{ssgdhgt th¢}bar@|sémgby3‘g) plemgpts Sév &b et32 ovhiddy g¢ positioned at the ends
equal -length rib segnents 34a and 34b. The nunber and
of the packiagpglement If the various rib elenments 24, 26, 32 ,
34a and 34b can be varied to suit specific

[00030]ap ahiteatiiu@iged EBOOBHEnARRhE BhckeIdEBmBERNID, 8fchadeRBCKb B@ment 32 is
el enent of the present |nvent|on is shown in FIGS.

posmonéééb%?m?eﬂgﬁ ﬁa’?r 19?5# hdaR: gﬁaélgrqergy 2k rA»Ed Rg! r@trl?e f]él)grse,opos&ble to

enent Is simlar to packi ng

indepen%ggtl)épcgsl’(z@nen%acp 8f gléeellg%g%{qgnf H%Sﬁrl? \gge%g?ag : [(])il clements 26,
[ 000321 Packing el enent 110 conprises_an arcuate b ¥

betweery pairs o fper 1ip clgmeenindh o1 etveecg pnyipgired combigatiam gf I'lb clements 32,
arcuat e body 111 defines approxi mately 15% of the

inner rit elammmtn4,ant orute . ribTélempiais RiGNgn thd ilinstraed 8ndedosnt of the packing
PCT/ US2007/ 080279 el ement 110 includes curved side

clementrembi@ns: Al 2lcunshtsl 24 avhbCthel andk Wi attiaggienednemOntsd Ty lesser rib
and 118, respectively, that formtroughs 120 and 122

clements P3tar€ QAW ed bAWhsh LiRm gnﬁ’ﬁw'ah&' dureakibendserf 24 hie26, with the

arcuate body 111. [00033] i nner arched rib el enent

two ceni'll%l@m gt%%lﬂggécf fe%@glbaetlentf&ttpﬂ 891%@ g\%r&ﬂo ﬁ)% q8£1 lteggth rib segments

34a and 34b. The number and arrangement of the various rib elements 24, 26, 32 , 34a and 34b
can be varied to suit specific applications.

[00031] Another embodiment of a packing element of the present invention 1s shown 1n FIGS.
14-26 and is broadly designated by the numeral 110. Packing element 110 is similar to packing
element 10 and the same reference numerals preceded by the prefix “1” are used to designate the
similar elements.

[00032] Packing element 110 comprises an arcuate body 111 formed in the shape of a partial

torus. The arcuate body 111 defines approximately 15% of the volume of a torus. The packing
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body 111 and outer arched rib elenents 126 are
positioned at internediate positions along the side
woreewBee®31L12 and 114. The inner rib el enents 1PdT/EX108TI€R0279
generally in aradially inward direction represented
by the arrow 127a and the outer rib elenments 126
extend in aradially outward direction as designated
by arrow 127b. Together, the inner and outer rib
clemeng] Bivinetusled purved side nxnletes | Hearsd behehigh ligcledeciliangs clements 116 and
interior volunme 128 having a center |ongitudinal axis
118, redptivel], 0003 mAtiuzhs @3¢ end 1 2Dttat ehmntslidi3@ tatle longitudinal ends of
positi oned between adjacent pairs of inner and outer
them@&ﬁ@b&hﬁﬂﬁnts 124 and 126. Each of the two innernost
| esser rib elenents 132 is discontinuous and forns

o3 PR A R o SRR A0

ructed 0 |t|oned nd ori.ented as previous
body 1@@@& ot e T QBB 128 S Bou e SaTHG F Sratipe alons the
packing el ement 10. In the illustrated enbodi nent
side m%lpﬁrwﬂ%r@tléllwséf heeinpermiib slemenis 126 autensigengtsdlyap earagrally inward
random packi ng el enent 110 is located wthin interior
directionofeprosert@8 by Rhefaemoabll 72 diktirel duted eheaitrserit®4 26 ¥E&ndandc radially
132 renmai n spaced apart fromadjacent rib elenents

outward dftectibAbhs RBiEnd3E blapidy 12781 rTBiber 8hé GG Misd o@¥EEPElements 124
at their respective ends, so that the packing el ement

and 1261&&]&%%3 eﬂﬁ&?g&@%ﬂnt@&&f ‘{/cgéﬁﬁlétlgg) 'ﬂa\tlﬁgg fc 1991“1%?51%\{&1&1& axis 130.

opport |ty I ng esire oW 0
hr h the ckin enent . 110, .[.00035

oosshe RGeS 8 Sndit dp ot 0 BROr fper nd o

made from_ a_ variety of materials, includi

rib e enﬁqﬂts é%ﬁ‘ﬂfi é26 C&a@wﬁtbeﬁwggppeamo& legser &b, e]qfﬁ@’llf Add Mlscontmuous
packing elenments 10 and 110 may be strengthened by

and formsrrib $egnwaisi g dng 13dkt Jhentp segnieatsstd4a apdriB#bandthe rib elements
the el enent's surface, enbossing, at |east a portion

124, 120f atche32lcamnt caissuttéd o sitiohbd, dintpbesit@n ao peevididlyWkscribed with
2008/ 067031 PCT/ US2007/ 080279 or both sides of at

respect 1638 cSrRPOALIAR RimdnieirehKIRIY el8MEAO10.bYn @l@ﬁﬁﬁirﬂgd @mbodiment,
curved cross section to the various rib elenents 124,

approx%‘%gely %%gpe}geglt ¥ éﬁeb?o\%l é%‘i!ab a Epoqclld ddh &QE%hg%le%ﬁﬁnb is located

curved Cross section pre era

it B ST BB 5 TR S0 ) By o

fluid along troughs 120 and 122 and cause |t
{rom adjacent rib elements 124,126, and 132 along their entire lengths, except at their respective

ends, so that the packing element 110 has a more open configuration that reduces the opportunity
for blocking the desired flow of fluids through the packing element 110.

[00035] The random packing elements 10 and 110 of the present invention may be made from
a variety of materials, including, for example, ceramic, plastic, or metal. The random packing
elements 10 and 110 may be strengthened by work hardening, by texturing at least a portion of

the element’s surface, embossing, at least a portion of the element’s surface with dimples on one

12



to be redirected onto the rib elenents 124, 126, and
132 rather than being allowed to flow to the ends of
wo b@speroki ng el enent 110. Dinpl es or ot her fl oRCT/US2007/080279
di srupting structures can be positioned in the
troughs 120 and 122 to achi eve the sane purpose. The
sane construction may al so be wused in connection with
packi ng el enent 10. [00036] The random packing
or bothelideymitas lehel apertion ©f theyclprcmteandfoa by amedsting @ opavadedrgss section to
of techniques. In one enbodi nent, the random packi ng
the variebefBrlan@iis t e 1p6eseINI30 asvﬁtvho;ﬂt}m:ypd@e to padhifepeemedd 10. The
by the procedure described in U S Patent No.

curved erokd 4eRB: rbﬁ?z@;‘l@ @ﬁt@ﬁ@sdsd?ﬁ&@ﬁt'ﬂy by mtroeﬂ]@ rsﬁiéclﬁem‘ﬁﬂ@ r@kmnd 114 to
he packlng el enments are each Tornmed froma single,

p1ov1de 4 s%ﬁw?urxlg ﬁq{e)tt Q{W&B&)%&% {]ﬁow ol?. uch]%lﬁfég tr&g%h%rlQO%Hﬁi 122 and cause it

enent’s er w menbe

to be regﬁé@@ a;gtpz G4pe %1%%&1%4 %—2& rﬁnﬁdg% 6at§?ré 512193{15?1 lg\];ve& to ﬂow to the

plurality of the random packi ng_el enents 10 and 110
ends of ghnpasing @eaiontol 16k GnERsHRIsashei e AISHIBHDE SirudiIea Ean be positioned
surface area in a reactor and/or in a vapor/liquid or

in the trdugis d20 iagdiil@2 donthictd thy taowepurf@Ge. THe saaredomspacionngay also be
el emrents 10 and/or 110 may be dunped into the

used in Stiic@RbEwHH PREKHS eletehh®). col utm or reactor 36 to form
a packed bed 38 or they may be pre-arranged in a

[00036]p80ﬁ1%dm§1§9, ];‘93[5 agmbﬁ}s 6109@216"1 # lnYa Iyr oo, L LEEH %kieap Rariety of

ior to p In the umm o react or
and c

teclmlqgégi\@nfpgl%l%rbé)@ﬁ% S 1? T%lh %gp%%(g}% o ?gliheo}grregeféllt ténhv%ntion may be
pen, easily accessible fluid flom1paths and prese
manufagly o4t v Beyrosrdpes fssiipadanel & Batent Npr pBIR o Imﬁorated herein by
viewed at nmultiple angles, which result in generally

referenagy vaeteat the packite pbnueﬁtarfet@héﬂmnqdeﬁwro rreargte flag shegipf material and
2008/ 067031 PCT/ US2007/ 080279 [00038] The foll ow ng

the inndexaupt, @ad ildskersily alemehBRaogathentiet thersidawslepdadecdmprise substantially
performance of the inventive random packi ng el enent

the totaPRFaLS afR@bf {HRtBBA@chiéu] i Mt the scope of the
invention in any way. Exanple 1

[00037] Turning to FIG. 27, a plurality of the random packing elements 10 and 110 can be
used to provide mass and/or heat transfer surface area in a reactor and/or in a vapor/liquid or
liquid/liquid contacting tower 36. The random packing elements 10 and/or 110 may be dumped
into the suitable supports in the column or reactor 36 to form a packed bed 38 or they may be
pre-arranged in a packed bed formation in a generally random orientation prior to placement in
the column or reactor 36. The previously-discussed shape and configuration of the packing
elements of the present invention create open, easily accessible fluid flow paths and present a

relatively uniform surface area distribution when viewed at multiple angles, which result in

generally orientation-independent element performance.
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[ 00039] The mass transfer coefficient was cal cul ated
for three different random packing elenents:
w@vpac@si ve El enent 1, a saddl e- shaped r andonP@EUKR1007080279
of the type illustrated in U S. Patent No. 4,303,599;
Conparative El enment 2, a saddl e-shaped random packi ng
el emrent of the type illustrated in U S. Patent No.
5,882,772; and Inventive Element 3, the packing
[00038k| éRtenfollb®ving [Bxaspleat ifldstiate FieGsrientati@-inle@ndejt prigrmance of the
mass transfer coefficient for each packing el ement was
inventiGalagdbratpaekihgelegaah anf st intehideti@s ¢intit paskoprgof the invention in any
orientations, |abeled Athrough | in Table 1, bel ow
Oientations A through I correspond to the el enent
bei ng positioned at 0, 45, and 90 fromthe base
anmpﬂg§ition for each of the three Cartesian axes. For
’ each packing el enent, the mass transfer coefficient
range was determ ned. by subtracti the mni.numfrom )
100039 poflza R HeriEs o aReT L S G R bt e Gl igginrandom packing
position A through |I. The average mass transfer )
elemenigoepmpaiabve Efearene hohsagalershpis detedasn packing ofthe fype illustrated in U.S.
determ ned by averagi ng the individual mass transfer
Patent Woed, B0 5 entGompdratisleai leshefito?, emdiile-shnpentaatiéropadking element of the
through I. [00041] In general, higher nmass transfer

type il1GR@{dd iR @RL PalchCiNG a8 88EY EIRIAH InWinkiRe W @h&t 3MB&Spacking element 10
transfer efficiency and narrower mass transfer

ﬂhmﬁm%?ﬁfﬁkﬁéansranges indicate less variability in the
el enent’'s performance with changing orientation. The

ma transfer,.coeffi.cient for orientations A thr h
100040} ™ e AT E RSt SRt eicBinafing BledienC Ry oflplied 8 bach of ten
) average nmass transfer coefficient for Conparative
differentpacapg grigntaiensplahplgd 1Ay thapughvieing] abhe ht bedowyy Orpngdions gthrough I
in Table 1. 14 WD 2008/ 067031 PCT/ US2007/ 080279 Tabl e
correspdnd fobtbs clEn@nsbang poefidriediag AT, s45F camdRAX diom Padiessigosition for each of
El ements Conparative Conparative Inventive
the threer Camdsaii Hs El lesrasath hadlliegetdmeat, Bhemesnt tdins®r to&licibnOZainge was
1.18 B 1.05 1.02 1.09

determined by subtracting the minimum from the maximum mass transfer coefficient among

way.

each position A through 1. The average mass transfer coefficient for each packing element was
then determined by averaging the individual mass transfer coefficients calculated for each
orientation A through L.

[00041] In general, higher mass transfer coefficients indicate elements with higher mass
transfer efficiency and narrower mass transfer coefficient ranges indicate less variability in the
element’s performance with changing orientation. The mass transfer coefficient for orientations
A through 1, the mass transfer coefficient range, and the average mass transfer coefficient for

Comparative Elements 1 and 2 and Inventive Element 3 are presented in Table 1.
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C0.97 0.87 1.09 DO0.96 1.02 1.20 E 1.05 1.02 1.18

F1.08 0.98 1.09 G 1.07 1.00 1.10 H 1.08 1.00 1.13
wa2m3/067031 06 1.12 Range 0.19 0.14 0.11 Aver ageCT/US2007/080279

1.00 1.13 [00042] As shown in Table 1, Inventive

El ement 3 has a |l ower mass transfer coefficient range,

a higher mass transfer coefficient for each

orientation, and a higher average nass transfer

d'abfef §:dVlasst Trtanafer Coefliviants for Rhwdron Packing kdeipents

Therefore, Inventive Elenent 3 has a nore efficient,

| ess OrlentatlOhC@ﬁ@Q@ﬁV@(}ﬁﬁgﬁmi ranCevekiar Conparati ve

El ement §itn@fiéh 2. ElRRAP] § 21dn80043]L Higgking (was

conducfed GoTTpa g, §iTe ert @ganc, oﬁ, e finventive

El emen \ﬁ“Cr(i g€, 5 retit :IJOZHUV Iﬁi (p- 14- 26) to

t hat of—+fe types core oy -avw ..ab!L random

packi ngs E m oxfl ur 90-9)? Li nht 0{$\7dr acar HnQ?q WAaS

distilled & tofal ¢241ux. Th&2tower e run at a

pressure siEgni ficant.0y hilghet.0fhan| at ioEpheri c

pressure - pvery(typi.gal af tbegcondi tijgys at] which

t hese M XU €S ar € Pgj Ng |progggsed| in qi ffdusiry, and

very tiypr CH fo 'lillteg,Ullbl T s dl Wi LfB random
packi ng—+s—oeftef—use The—t-ower arreter—and bed
dept h Aexﬁyh_argﬂ eﬂbnkh to n;bgrn fhgtﬁindustrially

relevwm_%ﬁﬂijfreQﬂ%erﬂsﬂOIﬁ(ujd dabipl eg from

above landviregow|t hel.packed b8 wef e dnd yzeéd to
nmeasure the packing efficiency. The maxi num capacity
of the packing was determ ned by increasing the heat

[00042] NAY sHoRMi ih ThBR IDLeSSHVEERMRAL 3 NES CRWLH MASS Yarkt@ @BéfYicient range,
with 15 WD 2008/067031 PCT/ US2007/ 080279

a higher mass transfer coefficient for each orientation, and a higher average mass transfer

coefficient than Comparative Elements 1 and 2. Therefore, Inventive Element 3 has a more
efficient, less orientation-specific performance than Comparative Elements 1 and 2.

Example 2

[00043] Testing was conducted comparing the performance of the Inventive Element (packing
element 110 shown in FIGS. 14-26) to that of four types of commercially-available random
packings. A mixture of light hydrocarbons was distilled at total reflux. The tower was run at a
pressure significantly higher than atmospheric pressure — very typical of the conditions at which
these mixtures are being processed in industry, and very typical for the conditions at which
random packing is often used. The tower diameter and bed depth were large enough to ensure
that industrially relevant data were generated. Liquid samples from above and below the packed
bed were analyzed to measure the packing efficiency. The maximum capacity of the packing

was determined by increasing the heat input until the pressure drop increased very steeply with
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any additional heat input and entrainnment fromthe top
of the bed was significant (loss of efficiency). The
w0 e®sle®3Df t he conparative testing are present@dUs1v07/080279
Table 2. Table 2 Relative Relative Relative Specific
Packi ng type Capacity Efficiency Surface Area
Saddl e- shaped hi gh perfornmance netal random packi ng:
small size 1.00 1.28 1.66 Saddl e-shaped hi gh
any adgiéiphidr Imah deputetndl entaiheent paki thetop af ghe bsil Zeasi siggificant (loss of
1.00 1.10 Sinusoidally-shaped netal random packi ng:
efficiens Rl These@ts bf @ condpdralivé Jestibl ategoedatedyn $ablped net al
random packi ng: larger size 1.17 0.89 1.00 Inventive
g‘aﬁﬁeﬁt 1.09 1.22 1.12 [00044] The test results
enonstrate that Inventive El enment achieved the sane

or—htgher—retati+ve capacyt nofo High relat] B
efficien sing a smal | erk%gﬁé?i Re%tlé/%i 1 ?ﬂgzla&ﬁgﬁ ce:éé ¢
ckipg t tiveC Y hETAEISRSN o SUFfage Afca

P aeuivi-hrg— T SricT

| Reddeishepedieshprifarma_Ceachi eved both favorabl e

i ereialirgrsdopaprekingy sardl sizsl at iW¥ ef f i di%hcey | usi ng-@P

s Palldlesbimtlivgh pboinbihee surface area. [00045] Fromthe
f efeeg @hmipm packwig: lladger seen that this invention is one
welzk adapted to attain al 1td%e ends.@nd oObj ectli, ues
NekRisBRARMY.Shapel nfe@it h, topgether wth other advantages
t hatiof SickiMCARlI iR thel strgict yre.; [00046] 1t; x4 I
W : UTTUS] OU " L1ld cervdaryrreatuares drliu
ssﬁ%g?r@f%"tsia&ﬁgnéek% of utjlity and be enpl oyed
WEAKBIAPACKING: JHEE 9% ot hef et ures a7 L
sibEahrs Blemshs. This is nrlfqac)rrpl at oy | and jlsl?
within the scope of the clains.

[00044] The test results demonstrate that Inventive Element achieved the same or higher
relative capacity and/or a higher relative efficiency using a smaller relative specific surface area
than the comparative packing elements. The Inventive Element thus achieved both favorable
relative capacity and relative efficiency using a small relative specific surface area.

[00045] 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.

[00046] Tt will be understood that certain features and subcombinations are of utility and may
be employed without reference to other features and subcombinations. This is contemplated by
and is within the scope of the claims.

[00047] Since any possible embodiments may be made of the invention without departing
from the scope thereof, it is to be understood that all matter herein set forth or shown in the

accompanying drawings is to be interpreted as illustrative and not in a limiting sense.
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[00047] Since any possible enbodi nents may be nmade of
the invention w thout departing fromthe scope
wo b@seaf3lit is to be understood that all nattBCT/O82087/680279

set forth or shown in the acconpanying drawings is to

be interpreted as illustrative and not in alimting

sense. 16 WD 2008/ 067031 PCT/ US2007/ 080279 d ains

What is clainmed is 1. A saddl e-shaped random packi ng
Claimsel enment conprising: a pair of laterally spaced,

| ongi tudi nally el ongated, arcuate side nmenbers which
What iscdgprdas i vel y define a curved | ongitudinal axis

t herebetween; a plurality of oppositely extending

. ar C@%Qddwwpe@%de kLRIl ABsthsratendi ng - f rom

and between said menbers to cooperatively define
an nterl h t t

| essgalr S bfateira(ﬂ %gfacle%ngllng}%gpi elo %B(g’s% 83%2 ts\l/\(g fhembers which
sai d inner and.outer rched r|b elenents, and at

| efOPPHANYIY aﬁ%@gﬁeﬁﬁn%d&nal AXISHABEOPE e, wher ei n
at | east about 20 percent of the total surface area of .
saiadpbaddy efstrapaittly caivadine paehidnignen aifeavter sibdelpmeedg extending
within said interior volume. 2. The packing el enment of
cl arom landwigweem st esideotraimbetarhe coqfergnicly defiver ammaterior volume
outer rib elenents is in the range of from about
t hrig@eb@wabipuhdt wenty. 3. The packing el ement of claim
2, wherein the total nunber of said inner and outer
r ' bdt I&{S? HR@‘G%S(%I‘%‘ H‘ él\é 611’[41011% 15%59& %E‘Fg&% %fndcdqﬁérrgnd outer

1, including a p ura ty 0 ser rib e enen s

ser

0 e S s R 3 18 Bed yci%vgfzf P il Siof ST

rib segnents. 17 i
wherein at least about 20 percent of the total surface area of said saddle-shaped

random packing element is defined within said interior volume.

2. The packing element of claim 1, wherein the total number of said inner and outer rib

elements is in the range of from about three to about twenty.

3. The packing element of claim 2, wherein the total number of said inner and outer rib

clements is five.
4. The packing element of claim 1, including a plurality of said lesser rib elements and

wherein at least one of the lesser rib elements is discontinuous to thereby create first

and second rib segments.
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WO 2008/ 067031 PCT/ US2007/ 080279 5. The packi ng
el ement of claim4, wherein said first and second rib

W@ e@s®etodl are bent in radially opposite direcP¢DNS2005080279

6.

10.

11.

The packing el enent of claim4, wherein said first and
second rib segnents are bent in the sane radial
direction. 7. The packing elenent of claiml, wherein
sai d packi ng el ement represents about 5 to about 50
perBemnackingtdhemans lofi wkirof4, avherpinsaid $irstpnd spesili riysegments are bent
el ement of claim1, wherein said packing el enent
r efnesdailyso@oeisd ditttibas. about 25 percent of the vol une
of a torus. 9. The packing elenment of claiml1, wherein
said outer and/or inner rib elenents are generally
alternatingly m sal i gned from said | ongitudinal axis.

T | 0 |

erl?aé:ggl l%éér%%eng fo?g—f;a% 403\{}1%%6% E'%)& ﬁr%/m\ ﬁ%lec!bntdhrﬁo %@gmelﬁts are bent
sane}?s or g g$ reater than twce the mndth of at
| ed8 NGB IRNE 18”“P ner rib elenments. 11. The packing
el ement of claim1, wherein the width of said outer
rib elenents is less than about 5 mllineters and/or
the width of said inner rib elenments is greater than
abdlie phckinklcleamedre of claiB IWOh2B08406 pASAng element represents about 5 to
PCT/ US2007/ 080279 12. The packing el enent of claiml,
whebheits (Blert@st theRehlie diheohgsser rib elements is at
| east partly continuous. 13. The packing el enent of
claim1, wherein at least a portion of said total
surface area of said packing el emrent is textured. 14.

ackij | enent of erein at |east so
of RRTGCHAR SRR bR T Ph b salBRCE A o i oo 10 o
cross section
about 25 percent of the volume of a torus.

The packing element of claim 1, wherein said outer and/or inner rib elements are

generally alternatingly misaligned from said longitudinal axis.

The packing element of claim 1, wherein the width of at least one of said outer rib
elements is the same as or up to or greater than twice the width of at least one of said

inner rib elements.
The packing element of claim 1, wherein the width of said outer rib elements is less

than about 5 millimeters and/or the width of said inner rib elements is greater than

about 1 millimeters.
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15. The packing el ement of claim1, wherein said
packing elenment is forned of netal. 16. The packing
web@seeto3nf claim 1, wherein said packing el eneeit/Us®07/080279
formed of plastic. 17. The packing el enent of claim
1, including a structure positioned in one or both of
the side nenbers to direct fluid flow fromthe one or
both side menbers onto one or nore of the inner and
12. outBre pdcking| deraertt of ghadim| le gwrein japleastenemtl . tha 8ssea rib elements is at
col um or reactor containing a packed bed conprising a
pl Ueast piylyebnipacking el ements of claim 1. 19

13. The packing element of claim 1, wherein at least a portion of said total surface area of

said packing element is textured.

14.  The packing element of claim 1, wherein at least some of said inner and outer rib

elements have a cupped cross section.

15.  The packing element of claim 1, wherein said packing element is formed of metal.
16. The packing element of claim 1, wherein said packing element is formed of plastic.
17.  The packing element of claim 1, including a structure positioned in one or both of the

side members to direct {luid flow from the one or both side members onto one or

more of the inner and outer rib elements and lesser rib element.

18. A column or reactor containing a packed bed comprising a plurality of packing

elements of claim 1.
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