WD 2008/ 067031PCT/ US2007/ 080279 RANDOM PACKI NG ELEMENTS AND
COLUMN CONTAI NI NG SAME Cross-Reference to Rel ated Application

[ 0001] Thi sy@pmkogatd on clains the priority benefits ungefR50%osazte
119(e) of provisional application Serial No. 60/828,900, filed on
Oct ober 10, 2006, the entirety of the disclosure of which is hereby
specifically incorporated herein by this reference thereto.
Background of the Invention 10002] The present invention rel ates
general |y t odRARPONTACKEN GAeVE BN TOANDSEOMUMIN cHeNTAANIHG SddB and
mass transfer reactors and columms and, nore particularly, to random
packi ngCeksRefii-cnck @6 ReBed Applsdacibnr eact ors and col unms. The invention
al so relates to nethods of maki ng and using such random packi ng

el ement{go01]) 000BiRapndRmic clguinee pRatkibetfied @RNLS Bg.€. §an @l by provisional
enpl oyed in gas-liquid or liquid- liquid contact towers or colums to

provi d@llpﬁl?@lﬁm_ senahes. coRanes ke wasiiory 40! BleYentit@WoRthel didtidhure of
typically a liquid stream and an upwardly ascending fluid, typically

9as  OF WABDE h3kh SR Alea AIBLAEraldiitsh B £ IR BRI packi ng el errent s

may be us In avariety o hem cal and treatnment processes, such
as, fOrBa%ﬁMhﬁ’ofElFe%ivfu%t?o%ti on, stripping, fractionating, absorbing,
separ ating; washing, ‘extraction, or any other chem cal, heat

exchan r treatnment-type processes ner al | he di.screte. rando
packi ndouPErentETheRR 'R B P RE SR8y R B R eptondiaest 1 guc Gnefrg
maxi m ze perfg{(rrancg. fés% a ai ven mass trandcsif er surfa e area Because
the raRiSMpHEkRY SrHeBntcacare Y ettiFans § % P8 P28 PN d S 4rIpRcRisking
into the colum shell in an arbitrarily orientated packed bed, it is
desi r alsfEREIOF ¥ 19 AUDFRAIES ARAFRIGRRD aklié YnEPe AR Tdatenioagkeds of making
hi gh mass transfer efficiency and good hydraulic capacity when

posi t i GREESTIHSUE] e acinE eieaIsals- ori entations within the packed bed.
WO 2008/ 067031PCT/ US2007/ 080279 [ 0004] Random packi ng el enents of the
prior &9Q03kxi tandamepryimped packingshempnss andom e einplayed im sepdimpicapr, liquid-
random packi ng el enents are constructed of netal, ceram c-type

mat er i dlpidptcasict deyergloaswiunms thprovidk enasCoramsit wyrfacan domepackdovgnwardly
el enents are cylindrical, arcuate or "saddl e-shaped"” or have ot her,
non- ar cpadre Shdpesicsiiich ligsid spben, andlan upendidakendandfliibietybickiey gde vapor
di sadvant age of the random packing el ements of the prior art is that
of ten thenperfrotRRnGead efrednh eR ldenBritkihg eloinghvs Ynagtep @Bdeinta vafietyto$ chemical
configuration and its orientation with respect to the direction of

fl ow ofand tredtghest FroadiBest AlcAUENfok ReargdieBRficwid ) isRipbhe, Raglkaekihedbsofifig,
exanple, a Pall ring is a well-known cylinder-type packing that has a

pl ural iséﬁlﬁrz@ifwg,_s hWakligd watdego@ner lapy &gl cﬁeﬁl{?(%.ﬂeﬁea@rex@ﬁﬁjggpt& QR e pe

viewed along its |ongitudinal axis, the Pa ring presents very

i ttl e Sedacesalfi,f it diRR% Lh@Rs b&ki YOERe ¥ ket i

per pengﬁ}éu{Sar’Ie?/ tcgaqlllyts l'ongi tu %ap%g}g%%%e qunéﬁt 'pr%eglélr?%ns? Sgagleearn ?/
| ar ge r I cau i i r the surface a S,
avar | att e G aneGag enras 1faPhonbe i e G R rpd@F iy R, FERRRee e
orientati,on

f.th | whi [ ti | ff h | N
o for R by Elefiethe pontug Munbed b Eonly w4 MR Pl g ol i
di | t.o the | i.t ydi nal i f the. Pall i i )
R & oy A Ay QHSatives matkef betloft ddqsAble At mericyal FTEPR Facking clmsas fo

t hrough i mmedj atel y adj acent rings in the downstream fl ow directiaon.
[ 00051 A2yediooliep arks Heséir sRfisnckand apdhydabc eaveeibr Yhen Rasiioper grwigple
surface area

rotational orientations within the packed bed.



t hroughout its entire volune is disclosed in U S. Patent No.
5,112,536 (also referred to herein as the '536 patent). The

saddl e- shapechesasvdaam packi ng el enent di scl osed t her ei npichglseidessoz7o
alternating arched inner and outer rib elements that define an
interior volume. While the packing el enent disclosed in the '536

pat ent provides inprovenents over other random packing el enents of
the prior art, it also includes |[imtations that can hinder its

per f or 8. Fdmdexaprpkiag claventsuafvba piay agfexihen paekdtngl ehappentd materials.
disclosed in the '536 patent causes the inner rib elenments to be WO
200810617 @BdPdT fdu820 Hackis 0 2kneptssirt cantdcted oS mieial, tcpg@mitheypei materne, 1slagties,
curved plane, thereby restricting the flow paths for fluid streans
passi ngldstiraugb likhe @mnenlly, randoraddtiting Rlenlzegaduis eylimkical, hscuek drigaddle-
packi ng el ement of the '536 patent are generally centrally

| ongi t yipaat loy raké gmes, néherchite Shagek Buel aiepherRAG Qb eghddihealilfel UiChe
streamtypically shields the subsequent rib elenents fromfluid

cont actyisaditingags bF Bl FLRBrEidRBL kAR A URSHIRES id thAHeB theSfd fofh 8106 ¥ ¥
reduci ng the elenent's effective surface area for mass and/or heat

transf glemehtifstiglly d&lchfigH ol ii{s Q@nﬁ@iﬁioﬁaﬁh% Nt ofER&tRSERh tifecP RSHE kair!ed't&%

of cutting one or nore rib elenen an endi ng the discontinuous en

into theqloten - Fea. :
into thenhy o‘i-‘fnhﬁi(r)sgr\é@hg%%n%ﬁg% ?ngxr}éltgstlthﬁlhﬁe PHIABE .al"cf%aelk%pl%,mirlﬁgﬂﬁ%

packi ng el enent remal ns outside o

vol une, Q06[ Anot her.  type, of . do ackin lement. is.disclosed in.
U S Pacent® “*’Ll,cy ?‘g‘é'éé’l%l%"k‘l“% LP%Q}HS? ‘é‘ﬁ{f‘? ap tﬁelgg"ﬁ‘ Sym‘Sf‘“‘%e‘#éf@%“%lbeé‘”

strips is provided and each strjp .extends. i eneral |y sinusqi dal

£ asht o BeR R e giaie b Rafitih g N Pl EHe el FsB T aBiee
packing el enent is disclosed in U ,S. Patent No.. 5,543,088 in ich a
pl ural %ﬁa fBr mes P‘ﬁg;gféxtﬂétnaf o &1L PORICH SHlastndp i ﬂ%‘@ﬁh‘gﬂ‘ﬁ aéfseﬁg ipipeit
both of these patents, the individual strips are connected together

al ong PHEFHS fi'GpblapdessurtpereBy Rrcavr of Ays dHfcapmes Washdagerscastdvpidlafe
crowded together md through which passage of gas is inpeded. In

addi t i gaporflieidpaadiauivylietie aemac varysritthhe paeeiationonh thaelemieal, whfch, ultimately,
sufficient thickness and strength to resist deformati on of the planar
out er wEbss dhe aleamirepticamesss, b addilod, ec dergt rsatther facse héher dineftion
packi ng el ement to have a configuration that resists deformation
usi ng mpedpatdimedrytot thi ioegitugaab exisef eéhd hll ri@(O diskbvenfagaousei@dtheixit Stsls to
for a random packi ng el enent that nmaintains high mass transfer

ef fici ésigsldand ignbd fydrfaw ittrocgpanmediatalyend pesi tinghed tha dowhdtiepiefiow
different rotational orientations within the packed bed.

Advant agesaiss! y, the packing el ement should be easily WO
20081067031PCTI US20071080279 manufactured with little or no waste
nater| ?dﬂﬂépd ROSERRE %a&&ﬁ%'eﬁ:ﬁi{cﬁi h&¥ing RakoFP LRI BAMIstibukieR | o3t Srfadte arca
type of deformation described above. Brief Summary of the Invention

[ 0008] ki, QNG AR &Ee vdiliGe BY SiSGHkd IV PLER 1. BV 1985 6 RusPRHERuSHABEH as

random packi ng
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



element with a generally uniformopen flow vol unme when positioned in
mul tiple rotational orientations in relation to the direction of flow
of fluidsvemowsmdzesii ng the packing el enent. The saddl erehapsd7edenent
of the present invention conprises a pair of laterally spaced,

| ongi tudi nal |y el ongated, arcuate side nenbers which may include
radially uptight flanges. The side nmenbers cooperatively define a

| ongi tudi nal axis of the inventive packing elenment. In addition, the
packi ngosliad mloselyipadtiasadn thespie spived plsne. ey ravfdcing tbe flawotthy Toy fpid
el ements extending from and between the side nenbers to cooperatively
def i ne sagunisraesiyoihrapgh dpeeclomerti fn addetiqabicavrg thd Bheerithe Mvkingraleapent of the
and/or outer rib elenents may be aligned with or alternatingly

m sal i §r¥écbafembanetdenerhiby gértratly tegitedinalycdlighdie tpaloki mig clementemtountded by a
outer rib elenments can have a width which is the same as or up to or
nor e t flaid ttwemetypieellwwsidtks ofic subeequaintatib elchemk droemntinid ddmeact. otTais shisidies
of inner and outer rib elenents can be in the range of from about 3
to abouffe?@an TRt fRsOfratshe efiuidhcy dGBERIng the RBENE' D eFgtivBBuithde area for
el enents is intended to enconpass rib elenents that have a curved

shape aasi@ldioragal f@ser. CARY, {MQOLHIME LS Sardd ldRBEEs the BESibi 1$ty<e>lp clfing
those having a "V' shape, or conbi nati ons of curves and strai ght

lines. oﬁéJ&Q%Jlfgh% SafdheniNARGHs aﬁnﬁéaaﬁmskg éiﬂ iflbenemteRf vaml%e %fﬁﬂ%r

invention also conprises at least one rib elenment that is of esser
hei ght oA dchieed dINRE r ARG Ehe EibRef | ;
d|spose§ Enimee% consécu€?3§18 erlgné?§§9§§6§&gn %nﬁﬁ%%@%ﬂgbﬁﬁiﬁMnmr
| esser h%_elenent i ncludes at |east one drip point and is at |east
partly Jlsposed in the interior volune of the packing elenment. The

| esser ts can .be art i huo r at. le e
b vibelos: SRSRSS bR A &R 5hoe Aot B ARTRL HE ! no 5 P
discon uous to t eby cre e two shorter ri gnents t each
nave. ot PEGPRF 2 FHERY BT SEGHEKL sries s H@vwﬁqjéwgﬁ%fgﬁmeﬁaﬁ Stip griggerally
such as by, beln bent in radlally opposite directions_or in the samne
r adi al STRFPERL ifsRion belerroPlany AeBoMEaRER Y aBAR ehiFoRisenddR PRRiEng
present invention, at |east about 20 gercent of the total surface
area oflempd 1§ delesadon &id nipient Mee 43,888 arv e wiuralitn of eps ertends etween
vol ume. Conpared to random packing el ements of the prior art, the
shape plagpr cothitaghmgnt aoppsofn gfﬁb of thossratonts, &k ervidual sicipe arseonrestsd together
transfer efficiency by providing a nore uniform surface area

di stridotg dwiramiipoess theshy poveling hwiackaf Wieane plat hisipsaenciolveed agdeihiag and
el ements are positioned in nultiple different rotational orientations
wi t hi ntheoughekexh pechst pf gasie anpwied. o widitisanthe b cldibmeannibiede mAsp dein
the present invention is directed to a nmass transfer bed, and a

r eact omatefialce duifici@@nkidkitsH gnd ardigth 18 reklbicdef@mption af tﬁeypig{ar thier xapsdem
packing el ements described above are positioned in a generally random

or i ent @takRferit Qrdak.OVivelRi 1@ b& Eeable fé!ﬂ'th@fhnﬁ&ﬁ%aﬁ@ﬁé SEmBaal hE\FGaenéﬂcn ?L!l ation
bet ween or anong fluid streanms nmay occur ri ef” Description of

Dr awi ngs; &-QQQagfhhﬁlatfoh%sagqamnymﬂeldgaﬁgé Rggrthat formpart of the

specification and are to"be redd In COﬂ]UﬂCtIOﬂ therewith, and in

whi ch g |'S'05ﬂ reffﬁfseggx%gi‘ﬂgﬁ{é%xla fnflo jﬁ% B%sl'eﬂug tctﬂ&‘%nluh%ﬁ%s% %z%aés’lra%?{%r

varl ous VI ews IS a |on

errbodlejqiﬁ Iég,f ng({o nﬁg mﬂ%Ck' ng ¢l shent of Lhe mu?tgpqt &Iﬁéﬁ{lt rotat’lonal

[ 00014 an vi he andom pack ele
Islhl):/J\nit ?rrﬁ(;[ngal%&]s ivulhm the’ pacﬂ&i"’%eé’ : Advanta e%tuély glglpaah%ng e?éﬁ?en‘ta Lmﬂd be easily



[00015] FIGS. 3 through 13 are various perspective views of the
random packi ng el enent shown in FIGS. 1 and 2; WO

2008/ 06703MdreadsAS20071080279 [ 00016] FIGS. 14 t hroughpe®uasi®7@tiisous
perspective views of another enbodi nrent of a random packi ng el enent
constructed in accordance with the present invention; and [00017]
FIG 27 is a fragnmentary schematic view of a columm or reactor
cont ai ning a packed bed fornmed fromthe random packi ng el enents of
t he pr eésapfaciuprdeith dittle petai Weste makeirl prd BeFses & prnfignipdian jtiggy more readily
[ 00018] Referring now to the drawings in greater detail and initially
t o Fl Gsisls (hg typowédefntyoadiomslascribed sboyener al | y saddl e- shaped random
packi ng el enent in accordance with the present invention is

r epr es @rted Sugemeyalf khe nwenden nuneral 10. The packi ng el enent 10
conprises an arcuate body 11 forned in the shape of a partial torus.
The ar ¢uE8e bddyonkl aspac, riepmesentt inventichepaidge aofadiiicodimpddotind&mt mecking
about 50 percent or from 10 to 25 percent of the volune of the torus.
I n theecRafehi 6ithas gbhdralBt waifeth epgpotbwBRtumd ReembesiAdedbiadyullibleoftational
packi ng el ement 10 represents approxi mately 25% of the volunme of a

conpl ebfeki@idds in [QAREAL TREIRRGHK PONAY 8BS &%ﬁﬂ@ﬁﬁ%’ ﬁﬁ%a&iﬂ%‘léﬂém@rﬁt. The
| ateral | y-spaced, longitudinally elongated, generally parallel,

ar cuat g, & & PRIMELSenl 208NHe 1eschNandinilSn "BIINLLESs 12 AN 0 4aterally spaced,
optionally, but preferably, have radially upright flange elenents 16

o PRI Yl 1 LB FRLRRED A0, £ b SRR RIMIES, e
of 1 hesrldg r]‘]%ﬂ% uc%é ggblr?fa?agigglggéeﬁtng% 1%{1%%1%%1%1 Q}%gyof jtljl'e %vjr_:ﬁﬁﬁeﬁ%ﬂ%w%&ﬁ%%@%e In

10. Theée arcua i on of s de " nenber s

fl anges and 18 .provij de conf.iguration i.ch is,resistant, t.o

def of et o B ePeBhE HFGRT sgpHt o Bty BE e s e i 4 ctoments
| i ghter-gauge_materials in conmparison to certain ior . art random, .
packi ngxtgvcﬁﬁ% fp@ anddetyyeen if Ft“iq%ﬁelliéef%}"t BRI ?‘ﬁ{“ﬁ RE “FtF%?fg"&?“me within
el enents 16 and 18, the side nenbers 12 and 14 nmay he strengthened by
emboss tifgPackia flfeat mbBe Renany o it gkl clgpendt Hay brabenservtl Pre?“e&?a“l&%ly
ot her methods. WD 2008/ 067031PCT/ US2007/ 080279 L000201 The random
packi néigligngshirom thedbsgtudig aie el e proking dlemenst Thprder hglewgitepan have a
arched rib elenents generally designated by the nunerals 24 and 26,

r es pecwiidikwhichRis theedageamtos up 4o amozchayeimiedhe widslk pbihg ifurey b tpanents. The
bet ween side nmenbers 12 and 14 along the |l ength of the arcuate body
11 of tdiad npadkt efgnedr eng nttel(b elGppds cirdbeands rageralhroel #went & ddutdid T26
are integral with, or are otherw se connected to, the side nenbers 12
and 14 nsg eSpeatrny edryhedAsn dsseebingried rib ctcdheentsds ttémist @ encdmpakeri® aleinents
refers to a rib element extending in a direction generally outward

away f Hemhbiea lcasds sBipet freweiads dsosofforhite e kiungplelsemgnt lisesasigHak @hose
body 11. As used herein, the term"inner rib elenent" refers to arib

el ementy @xs £RCH Qighpk Mor@ofiblREs AT cBeBLIlstighnwaEd toward the |ocus of
the radi us” of the packing elenent's arcuate body 11. Each of the

out er pr iﬁf@%ﬁdrﬂé-&a‘?‘s&%@&ﬁ padki et BBMe YN In@RNSH Abd Yomprises at
outward and/or inward, respectively, along a radius of the arcuate
body 1 f K . pat S . lnpar:
and/ or qE(%lgjtt %l%alﬁﬁg&gqee@ﬁg& Q%galﬁﬁ%g&%yﬁg%lgn] at ﬁgjn&le{!ﬁlgﬁge clcifonts" i
intersecting the radius.. Arro 27a and 27h, r tiLyvel rally
des: gnive PAbREAERT TS Senikh oTeh P PRR T IR o RGN Ho
relation to the packing element, 10 ..n G, 1.. The total nunber of
nor e rEneR ) Rend T Bt el i pgk et Bund HERE vPhmget
of froq1about 3 to abﬂut 20 or from5 to 1@. Four inner rib elenentsb
24 and WS RAEKIBEEEMEPE bl 5 16TFETS S BenfF APl et PARELY FRIGIPPYSSY @hteat one i
enbodi nent of packing el enment 10. 100021]As illustrated in FIGS.



generally arcuate, interior volune 28 within the arcuate body 11

bet ween, above and bel ow the side nenbers 12 and 14. The degree of
accessi bi lwo yoosbsbhie i nterior vol une for vapor and/or lrausthpassage
can be facilitated in part by the size, shape, and orientation of
inner and outer arched rib elenments 24 and 26. In one enbodi nent,
inner and outer arched rib elenents 24 and 26 each extend generally
radially and are essentially the sanme hei ght

2008/ oet/feempew »387d0 WSB‘SGQWQHS[@@W@}YF@W%!W@{@ iy segmgniz ghat geehphave a
centrally longitudinally aligned, or, preferably, can be altematingly
m sal i divednd.r cglhf: albcsegments [cam bt indep endénthyxiositignedo kudhhs bt baveg berp odlyadially
best illustrated in FIG 2. This m salignnment creates points of

vapor / lopprsitd doeativagor ndhdwametrhdial difegtiopl ane of fluid contact created
by centrally aligned rib elenents. In addition, the m salignnent

ser ves [#@10pern hb@rdangivith dhaahbddimerd of thewrgaithintdntioyghlekdntabduit A0 percent
vol unme 28 of the arcuate body 11 of packing elenent 10 by m ni m zi ng
t he shicehidi togl efiffretardahett the egldbinspakkiametanae Buddived welht thalihvric! Jolnes
rib elenments. Further, the |ongitudinal msalignment can reduce the

t endencynpphreans @ﬁddﬁ@rp@clhhtb%lcﬂfen@rlﬁ haneieMaRaelel Qﬁp@laﬁmeﬁﬁéﬁ’aﬁoﬂ of the
become interposed within one or more rib elenents of other Fandom

packi n%%ht%@él&ﬁem%chlaltae%ﬂ@%ﬂﬁ%ﬂaﬁé@ﬁﬁb)ﬁﬁ%vgﬂ Pafohd L su]g'face area

S?PEtIﬂES referred to as "nesting."” Nesting re es_nass_tran
packed Ban 06832 TRERE RRh S Fahe AR F AR, ARy A, RofiQfied n

ggt ]?r ul?t El\é ? Eﬁﬂ: s %}@atg}atm o?ﬁn FS%Rx‘fﬁﬁ'ne £' L Acksé ged%%taef\gaclog r01 t(ﬂgm\%efj![ Leg £

the ou nts 26 ener a e sane

i‘%t o B8R, ésprrtd?'a B b e distief ﬂe%tﬂesaﬁms%écbgﬁs s
the curvature of the arcuate body of, the Kin | ement 10,
ner EACRbAE OUTE SRR DR dl GO (R b oG 5 SRR PoREE S
t hey extend rad|aII inward, as is best seen.in FIG 1. Therefore,
nar r onefscilpislerboxp c?ﬁ"eao%“il%“eéli@ edfIeraly, rOdATRTIEALISB 19 [PERYIGRaR Hone 1 which
restrictions experienced by fluid streans fl ow ng through the packing
el emenfasorndier egt sanslpy Betvwernea paioeg fled sirepmsdeay qpsat ed by the arrow
27b. As can best be seen in FIG 1, the inner rib elenents 24
posi t i BrietiDeseripien of P ravdngnds of the arcuate body 11 can have a
smaller width than the inner rib elenents 24 positioned closer to the
ends sH0W0hHt rdwihe wwpempaspag ardvengribatifoledpdretfitbespetifieationrad ared th be read in
el ements 24. Additionally or alternatively, the nunber of inner rib
el enentanj@dticarhehevithe dut mdviicdlilos reldierce nDM@Eralsiabe ededn@itidscakaikepartbiinte
WO 2008/ 067031PCT/ US2007/ 080279 outwardly fromthe radial direction
t o provirtiRs gleedt er spaci ng between adjacent inner rib elenments 24.
[ 00024] As an exanple, the width of the inner arched rib elenents 24
can i ngnmmdenrtd;yl ke gaeatatioh bl ARREEmbodThlchi SMREEfand M backb £ALRENt of
than about 1.5 nm or greater than 2 nm The width of the outer
ar chedgfeifeceli6RALSH; 26 can independently be less than about 5 mm
| ess than about 4.5 mMm or less than 4 mmin order to avoid the

creati fido 0?4 Sﬁf‘?@”ﬁ{&tt %Wv@so%'ﬂ'ier &H@Jnﬁ@ac‘ﬁ’ﬁté%l&?cﬁfﬁ tt'é%&cpant@hf’%h&bﬁ

out er dommstream excessi ve €se wa

zones aj t hey reduce the mass transfer
eff|crgnﬁlggfl{ﬁ§d¥m5%§§§iggghhllgﬁggeﬂt 10. [00025] The packi ng

of o ﬂiﬂ“éﬁ%laaﬁ e F Bl T R G Pyt Bt e b O, BB o

26. Lesser . lenment 32 is longitudinally disposed between
consec FmWéngﬁtgrdapghg outer and inner rib elenents 24 and 26 and,
in one enbodinent, is connected at its opposite ends to side nenbers



1000271 I n anot her enbodi ment, one or nore of the lesser rib elenments
32 may be cut and made di scontinuous, thereby formng two rib
segnent s 3v@2merds784b t hat may be i ndependently ori ent edcwivkhmnodode
interior volume 26 of the packing elenment 10. As one exanple, the rib
segnents 34 and 34b may remain substantially in the formof a sine
wave, but with their free ends offset to formspaced apart drip
points. |In another exanple, the rib segnents 34a and 34b may both be
bent i A04HE! sdHESy ddi hArovgh réc e orfgiono PESREHIVA HiSHS| Sfajetichfembadimest RER
when vi ewed about a radial plane passing between the rib segnents.

[ 00028 T2iTFeE Recking clsmepheonsisgssadnn pedordahegsith Hiepreseninnysatieansame or
different fromthe width of the inner and outer rib elenents 24 and
26 t hatl0ENTEnd1Gn 27 Irea agmentargiseliendiic oot ofp cdlum herdattbusditanieg a packed
packi ng el enent 10, each |lesser rib elenent 32 has approximately the
sane wibdd forasd fihm thyomdoanerckindelaheneof the Rdsdnbatvedion. posi ti oned
innwardly fromthe ends of the arcuate body 11. [000291 The nunber and
ar r ang@eediled Weséigtiomnokthe ddknguher rib el ements 24 and 26 and die

| esser rib elenents 32 along die longitudinal |ength of the packing
el ementpib@sc aRdig@riv@rmofdid theSdthivir@alik ip8dskadl dcBRPAAL it RSt FIES aradlodhe
the rib elenents 24, 26, and 32 renain spaced apart from adjacent rib

el ementegmbddimeRBor ANEndANG Q0GelRGIel B! %aél&%%%ﬁwen@ﬁ?%@or@&mé ethr the

respective ends, so that the packing el enent as a nore open

S008) 087001 MurOBbB6F 650398 Rr SRR Ria¥el e TubPhrians mpmgpagmerie
through, th6.@ %?@/ gg gcﬁglﬁég%g E}Wbe ]slgsrq)el dat a%aﬂ%ﬁk s, r’ﬁ%ua(f&{awl]%dgﬂe Ok Etff)'rr%sént in

> C
for rib segnmen one ‘packi ng el enen o0 hoo

genor al Ty aisst s o Prort  engnbit iR R i o S tBbel be iy

on either, longitudinal end,of. the packing elenent 10, Thus, the rib
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[ 000411 I n general, higher mass transfer coefficients indicate

el ements with higher mass transfer efficiency and narrower nass
transfer ocwoeids/edzesit ranges indicate |l ess variability porik®orosezre

el enent's perfornmance with changing orientation. The mass transfer
coefficient for orientations A through I, the mass transfer
coefficient range, and the average mass transfer coefficient for
Conparative Elements 1 and 2 and Inventive Elenent 3 are presented in

Tabl e 100029\p JYybgroErbItrot|2052007 rotely Prgilieally: aligaeds orpgaiapily, can be

Coefficients for Random Packi ng El ements Orientati on Conparative

El enentltgm@bighameseligred Erospre pente lonpitehinkhagisE0addlet ar@af HodgOasbegdllustrated
in FIG. 2. This misalignment creates points of vapor/liquid contact rather than the plane of fluid
contact created by centrally aligned rib elements. In addition, the mtsalignment serves to open
the longitudinal fluid flow path through interior volume 28 of the arcuate body 11 of packing
element 10 by minimizing the shielding effect that results from consecutive, centrally aligned rib
elements. Further, the longitudinal misalignment can reduce the tendency of one or more ribs of
one random packing element 10 to become interposed within one or more rib elements of other
random packing elements, 10 in a randomly packed bed, an occurrence sometimes referred to as
“nesting.”  Nesting reduces mass transfer efficiency and can promote liquid and vapor
channeling within the packed bed.
[00023] The width of each inner rib element 24 and each outer rib element 26 may be
independently selected for the desired performance in particular applications. As an example,
the width of the outer rib elements 26 may be the generally the same as or up to or more than
twice the width of the inner rib elements 24. Because of the curvature of the arcuate body of the
packing element 10, the inner arched rib elements 24 are positioned more closely 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 is provided between the inner rib elements 24, Additionally or altematively,

the number of inner rib elements 24 can be reduced and/or the inner rib elements can be bent
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outwardly from the radial direction to provide greater spacing between adjacent inner rib
elements 24,

[00024]  As an example, the width of the inner arched rib elements 24 can independently be
greater than about 1 millimeter (mm), greater than about 1.5 mm, or greater than 2 mm, The
width of the outer arched rib elements 26 can independently be less than about 5 rmum, less than
about 4.5 mum, or less than 4 mm in order to avoid the creation of stagnant, low-mass-transfer
wake zones that form on the outer or downsiream side of excessively wide rib elements. These
wake zones are generally undesirable in that they reduce the mass transfer efficiency of the
random packing element 10,

[00025] The packing element 10 additionally comprises one or more lesser rib elements 32 of
a height which is less than inner and outer rib clements 24 and 26. Lesser rib clement 32 is
longitudinally disposed between consecutive alternating outer and inner rib elements 24 and 26
and, in one embodiment, is connected at its opposite ends to side members 12 and 14. In another
embodiment, one or both ends of one or more of the lesser rib elements 32 may be joined to an
adjacent rib element 32, 24, or 26, rather than the side members 12 and 14. The lesser rib
element 32 is at least partly located in the interior volume 28 of the arcuate body 11 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 intenor volume 28.
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[60026] The lesser rib elements 32 may independently be continuous, discontinuous, or any
combination thereof, and bent or shaped in any way. In one embodiment, one or more of the
lesser rib elements may be continuous and bent, for example, in the form of a sine wave with one
or more peaks and troughs that provide drip points within the interior arcuate space 28. As
referred to herein, the term “drip point” refers to any continuous or discontinuous edge or point
from which liquid may fall or drip. Drip points cause the liquid falling therefrom to form small
droplets, which facilitate enhanced vapor contact to thereby increase mass transfer efficiency.
[00027] In another embodiment, one or more of the lesser rib elements 32 may be cut and
made discontinuous, thereby forming two rib segments 34a and 34b that may be independently
oriented within the interior volume 26 of the packing element 10. As one example, the 1ib
scgments 34 and 34b may remain substantially in the form of a sine wave, but with their free
ends offset to form spaced apart drip points. In another example, the rib segments 34a and 34b
may both be bent in the same radial directions to form mirror images of each other when viewed
about a radial plane passing between the 11b segments.

[00028] The width of the lesser rib elements 32 can be the same or different from the width of
the inmer and outer rib elements 24 and 26 that extend in the same radial direction. In the
illustrated packing element 10, each lesser rib element 32 has approximately the same width as
the two inncr rib clements 24 that are positioned inwardly from the ends of the arcuate body 11.
[00029] The number and arrangement of the inner and outer rib elements 24 and 26 and the
fesser 1ib 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 clements 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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blocking the desired flow of fluids through the packing element 10. In order to reduce the
opportunity for rib segments 34a and 34b in one packing element 10 to hook rib elements 24, 26,
32, 34a or 34b in other packing elements 10, it is generally desired that the rib segments 34a and
34b not be positioned on either longitudinal end of the packing element 10. Thus, the rib
ségments 34a and 34b are preferably positioned inwardly of the longitudinal ends of the packing
elements so that they are shielded by rib elements 24, 26 or 32 which are positioned at the ends
of the packing element 10,

[00030] TIn the illustrated embodiment of the packing element 10, each lesser rib element 32 is
positioned between a pair of inmer and outer rib elements 24 and 26. 1t is, of course, possible to
independently position each of the lesser 1ib elements 32 between pairs of outer rib elements 26,
between pairs of inner rib elements 24, or between any paired combination of rib elements 32,
inner rib elements 24, and outer rib elements 26. In the illustrated embodiment of the packing
element 10, inner rib elements 24 are at the ends of packing element 10, and four lesser rib
clements 32 are distributed between alternating inner and outer rib elements 24 and 26, with the
two centrally positioned lesser rib elements 32 being severed to form equal-length 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 is shown in 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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1000421 As shown in Table 1, Inventive Elenent 3 has a | ower nmass
transfer coefficient range, a higher mass transfer coefficient for
each ori emwatioeng7omnd a hi gher average mass transfer ceefrfusaivgodoztvhan
Conparative Elenments 1 and 2. Therefore, Inventive Element 3 has a
nore efficient, |less orientation-specific perfornmance than
Conparative Elenments 1 and 2. Exanple 2 [000431 Testing was conducted
O ahienh | ety ve TRGbend 13 it Ao ettt Aares Serment 116 and
commerci al | y-avai |l abl e random packi ngs. A m xture of light

hydr ocarBoiepegkely i taatifpe droaghst 130 apd g%? fhay chappe liggidete thetongitydinal epds of
pressure significantly higher than atnospheric pressure - very

t ypi calthefrenadebasiynidilt i ons at whi ch these mixtures are being processed
in industry, and very typical for the conditions at which random
packi nd0e83pf t emirmsedchebhid tlomert 18# amtsitioneahal bothd otigpilmalverde of thegecuate
enough to ensure that industrially relevant data were generated.

Li qui d besayml eand boer adbaeribrttnirelso@6stane psttdoed abatkrnedietegraitipaeaohpthe
measure the packing efficiency. The maxi num capacity of the packing

was detsRlemhéigisbrdY 13 BEd €8s MYe Liber HealenenBUI24URtdnll de@alpy 858 widtallgriopard
i ncreased very steeply with WD 2008/ 067031PCT/ US2007/ 080279 any

addi ti Qnatidnedbrebdnit bamek eRdw ainiBRAd Hd Qi i clefin@f 1 2ch&tdRdinv sadially
significant (loss of efficiency). The results of the conparative

tC:St i P%u%a@? Qﬁ'&ﬁ]%ﬂtaggcé-igna]-épéﬁa w 18R el‘(%e!ﬁ@ﬁ Kl eiGnd YR8 ofet &bic¥Enents 124

pacity Relative Efficiency 'Relative Specific Surface Area
and 126 define a generally arcuate interior volume 128 having a center longitudinal axis 130.
[00034] Four lesser rib elements 132 are positioned between adjacent pairs of inner and outer
rib elements 124 and 126. Each of the two innermost lesser rib elements 132 is discontinuous
and forms rib segments 134a and 134b, The rib segments 134a and 134b and the rib elements
124, 126 and 132 can be constructed, positioned, and oriented as previously described with
respect to the corresponding elements in packing element 10. In the illustrated embodiment,
approximately 36 percent of the total surface area of random packing element 110 is located
within interior volume 128. Preferably, the rib elements 124, 126, and 132 remain spaced apart
from 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 variely 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 clement’s surface, embossing, at least a portion of the element’s surface with dimples on one
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or both sides of at least a portion of the element and/or by embossing a curved cross section to
the various rib elements 124, 126, and 130 as shown with respect to packing element 110. The
curved cross section preferably extends sufficiently far into the side members 112 and 114 to
provide a structure that serves to disrupt the flow of fluid along troughs 120 and 122 and cause it
to be redirected onto the rib elements 124, 126, and 132 rather than being allowed to flow to the
ends of the packing element 110, Dimples or other flow disrupting structures can be positioned
in the troughs 120 and 122 to achieve the same purpose. The same construction may also be
used in connection with packing element 10.

[00036] The random packing elements 10 and 110 may be manufactured by a variety of
techniques, In one embodiment, the random packing elements of the present invention may be
manufactured by the procedure described in U.S. Patent No. 5,112,536, incorporated herein by
reference, wherein the packing elements are each formed from a single, flat sheet of material and
the inner, outer, and lesser rib elements together with the side members, comprise substantially
the total surface area of the sheet material.

[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 andfor 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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0.89 1.00 Inventive Elenent 1.09 1.22 1.12 100044]The test results
denonstrate that Inventive El ement achi eved the sane or higher

rel ati ve cepawrgiozind/ or a higher relative efficiency mermgm7/esnedsl er
rel ative specific surface area than the conparative packi ng el enents.
The Inventive El enent thus achieved both favorable relative capacity
and rel ative efficiency usi ng a smal | relative specific surface area.
1000451 From the foregoing be seen that this invention is

one wellf0038hptEy %loytrtgaﬁwlfs tlhléiwémlge aREnBepdedeprlent, Beré ARGV the
set forth, together with other advantages that are inherent to the

struct ur@nhm@wm ppaking ¢lpmpyd and drepod derled knhmitdhe siope pEhe dpweatigng any
subconbi nations are of utility and may be enpl oyed w t hout reference
to ot h&wyf eatures and subconbi nations. This is contenplated by and is
wi thin the scope of the clains. [00047] Since any possible
enbodi Meatplenay be made of the invention w thout departing fromthe
scope thereof, it is to be understood that all matter herein set
forth @e00SHIoWTHenmhdzetractnnqpafiicidang veis amicnbsed Brttrcbediffoteer pmdbd@dpaking
illustrative and not in alimting sense. dains
clements: Comparative Element I, a saddle-shaped random packing of the type illustrated in U.S.
Patent No. 4,303,599, Comparative Element 2, a saddle-shaped random packing element of the
type illustrated in U.S. Patent No. 5,882,772; and Inventive Element 3, the packing element 10
illustrated in FIGS. 1-13.
[00040] The mass transfer coefficient for each packing elemeni was calculated for each of ten
different packing orientations, labeled A through I in Table 1, below. Orientations A through T
correspond to the element being positioned at 0°, 45°, and 90° from the base position for each of
the three Cartesian axes. For each packing element, the mass transfer coefficient range was
determined by subtracting the minimum from the maximum mass transfer coefficient among
each position A through 1. The average mass transfer coefficient for each packing element was
then determined by averaging the individual mass transfer coefficienis calculated for each
orientation A through I.
{00041} Tn 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 I, 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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. A saddl e-shaped random packi ng el enent conprising: a pair of

| aterally spaced, |ongitudinally elongated, arcuate side nenbers

whi ch cooper awsveb3yt define a curved | ongitudi nal axis poewsheotywen; a
plurality of oppositely extending arched inner and outer rib elenents
extending fromand between said side nenbers to cooperatively define
an interior volume therebetween; and at |east one | esser rib el enent
Iongltudlnallg di sposed between said _inner and outer arched rib

el ements, amdPblgt P&é@%‘éﬁq Goedficipnys &y Rander Bagkineckiegentiol une,
wherein at |east ahout 20 percent of the total surface area of said
saddl e- shaped randon1pack|ﬁ@ﬂ@ﬁ@ﬂﬁh&bﬂmm@é?¢né@wmﬁvmln said interior
vol ume. 2. The pdcRiiengatsnenilament I ¢l Element 2 wh&tepient 3 he t ot al nunber
of said inner rilj el eents| pl u§0saijd ouber rlib &lignents is in the
range of from abqut tRree {to abeut [twenpy. 3. Thevpacki ng el ement of
claim1l, including a elurdlitygel daidpkesser rihgelgnents and
wherein at |east [one @ THe Tggger |F1 by gheMPNTS b difjsconti nuous to

t hereby create fiTst—gmd secopgsrl segUEHLbL 4118ne packi ng el enent

of claim3, where1—ﬁ—s§' —d—first nesec rHb—seghentys are bent in
radi al | y opposi t e—ei+eet+onrs: }g? He pggg;” eIE“ Aat-of cl aim 3,
wherein said firgt—and-second b-segn ape—géﬁL—Ln t he sane
radi al direction..6._Fhe ,arkiﬁ elle Hponf clald 1 __wherein said

packing el ement reprekents abbdf 5to &86ut |50 béPcent of the vol une
of a torus. 7. The Ppaskd nd el @d®nt |of @l4i m|1, Whéreiin said packing
el enment represents Aoy 10 t bOdbout 260perdenti.df thHe volune of a
torus and including a plurality of said lesser rib elenents. 8. The
packi ng el ement of claiml1l, wherein said outer and inner rib elenents

are gemaoat]l y mlshewnal T v, vendld BReMnf 7 26wk thas Ghbdfeh afficRHK @nge,
9. The packing el enent of claim1, wherein the width of at |east one

of said QsHep rmefsh Qra%i%ﬂ%@éi%cﬂeﬁt td eeaéz@rsﬁel@@mg{ eak ef hﬁghana&éﬂ%ewnggshnﬁfsfm
at |l east one of said inner rib elenents. 10. The packi ng el enent

claim e%ﬁ\(i[}?{t%llﬂl bgﬁgw(ig\g’@ﬁ eﬁ%‘ fjaﬁ)&'t)er'l‘i{ekégoél ﬁﬁ@&gv% 1'51%111'61%5:? 11£J19%1018

about I neters Jor the width of sai inner rib el enent

gr eat eéfﬁ%@ﬁa 1e§? 811i|éntaj[iom\sjpulﬁ@ L&fo%mance 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 maximuim capacity of the packing

was determined by increasing the heat input until the pressure drop increased very steeply with
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11. The packing el enent of claim1l, wherein at |east one of the

| esser rib elenents is at |east partly continuous. 12. The packing

el enent oW@Rw@b/m7031 wherein at | east a portion of sai detowsivosuiace
area of said packing elenment is textured. 13. The packi ng el enent of
claiml1l, wherein at |east some of said inner and outer rib el enents
have a cupped cross section. 14. The packing el enent of claim 1,

wher ei n sal king. element is formed of netal. 15. The packing

el emenf™bfd Fgff heat”{HRet &t e’é‘éﬁ“&?‘“ﬁ’éc@&%éh?e@n%fh% aed; WpysigniGeant (1035 of
pl astic, 16. The packing element of claim1, including a structure
posi t i 6isiEney- Jﬂi@lﬁﬂﬁb@tgthe sTmRgRive s graRpEssentehindiablict fluid 1 ow
fromthe one or both side nenbers onto one or nore of the inner and
outer rib elleedts and lesser rib element. 17. A columm or reactor
contai ning a_packed bed conprising a plurality of packing el enents of
claiml. 18] A saddl e-shaped random Relekveng Rélehent, RodstpeiSpeaific |a
pair of laterally spadéddtybongit udi ndddayitel Bffpidned, afwimt ara de
menber s whi CRaitegiaped higkbyrfslefhahste fa curved [ ongitydinal axis
t her ebet weehineql pindsdlpaéRin®f sneppes [ eliyoext endppg ar ched g;mner and
outer rib el earId-shagxl BBELAGH06M and between saird|side menbers|to
cooperative ng@falna@n@gcmﬁg ehigdf vol une therebetween; and at |east
one |esser fijh. el ement |ongi tudl nal |y 1@psppsedopet ween spjgl i nner and

out er archegd an'u?ol e?lm@c d—at—teast—partty disposed T sard
interior vo @gg&ggﬁ ast anOkll 920 pei_ggnt of thtsjtot al

Ol'ﬂ .
surface area aped—randompackihg—etemrent—+s—dei i ned
within said Sm 15013315’ Sﬁorl’@n[ltatgl vvhercil 9 sai d ckiing el ement
represents t 1% per b..tl £l th¥S%ol-de nf] t OFbS.
nventive *lement i 122" 112

[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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19. The packing el enent of claim 18, wherein the total nunmber of said
inner rib elements plus said outer rib elenents is five. 20. The

packi ng el enment of claim 19, wherein about 36 percent of the total
surface area of said saddl e-shaped random packi ng el ement is defined
within said interior volunme. 21. The packing el ement of claim 19,
wherein at |east one of said lesser rib elements is discontinuous to

t hereby angiake first and second rib segnents. 22. The packi ng el enent
of claim2l, wherein said first and second rib segnents are bent in
radi al | y loppakiietsbamil raadtm paking 2Bmerklhempatki ng el enent of cl ai m 21,
wherein said first and second rib segnents are bent in the sane

radi al di rigatriobiateral4d spatéie lopgiakinaly @brgaed)trcodte Qdahdmbbl, whidheshejerttiadly define a
| east one cofved Bhgtudiaglsels thidrdbet@leanent s is conti nuous. 25. The packi ng

el ement of claim 18, wherein the total nunber of said inner rib

el enment s pl phsalgaoitbppexitely exteddling] agaiedinseriasd dufdt @8 cle@buts &t dipa ElsmRgd between said
el enent ofsidelnaimie & cosdreatiztln dafbeut inBbioper eenterafetviche abdt al surface

area of said saddl e-shaped random packi ng el enent is defined within

sai d i nt erat @ast vind lesE.rib eRhentAoggddh2ly shapedbahesd edid paglahdgut@la@FBIb clements,
conpri si ngind a Igat partiyfdidpedee iredaildyntepacedye,| ongi t udi nal | y el ongat ed,
arcuat e side nenbers which cooperatively define a curved | ongitudinal
axi s t her elleteiee feastabquk 0¥ pdriehtyofafe t@pIROSict alky ofexidestdicngamt ehesh baRs

and out er eldnizniglh éefiapd sitlex taddierigr otvai® and bet ween sai d si de nenbers

to cooperatively define an interior volune therebetween; and at | east
one | esser Titeipacié gehaeieht dferagh 1, udieread thytodi spased shietnveath SaiedtsipBedid ander
out er ar chéclaniebts & ie rrenirge ofifidn afoul th@sto apar tweptydi sposed in said
interior volume, wherein at |east about 20 percent of the total

surface ar®a pafkigaicheaaddlaim $Haghetheraamaany paekiag: ab elemaits ing wihekinnedast
W t hi n saidwde bithelkesser ribveddmbms,is dstdntinuous to thereby create first and second rib segments,

4. The packing element of claim 3, wherein said first and second rib segments are bent in radially
opposite directions.

5. The packing element of claim 3, wherein said first and second rib segments are bent in the same radial
direction.

6. The packing element of claim 1, wherein said packing eletnent represents about 5 to about 30 percent
of the volume of a torus.

7. The packing element of claim 1, wherein said packing element represents about 10 to about 25 percent
of the volume of a torus and including a plurality of said lesser rib elements.

&. The packing element of claim 1, wherein said outer and inner rib elements are generally alternatingly
misaligned from said longitudinal axis.

9. The packing element of claim 1, wherein the width of at least one of said outer rib elements is the same
as greater than the width of at least one of said inner rib elements.

10. 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,

11. The packing element of claim 1, wherein at least one of the lesser rib elements is at least partly
continuous.

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



wherein the total nunber of said inner rib elenents plus said outer
rib elements is five. 28. The packing el enent of claim27, wherein at

| east one of said |esser rib elenments is discontinuous to thereby
create first and second rib segnments. 29. The packing el enment of

claim 28, wherein said first and second rib segnents are bent in

radi ally opposite directions. 30. The packing el enent of claim 28,

wher ei n dai Thefphdkeip chndnisd claind 1, hbremeg BN EBnealf €1 dDRAEr ahdlodtdr ibSRARNs have a
radi al di reegedorss 8dtionThe packi ng el ement of claim28, wherein at

| east one of said lesser rib elenents is continuous. 32. A

saddl e- shapkd pakingerenacificiagn &lweeRmtsaid @agkink Siem@nt igfopdddior @ktal. at eral |y
spaced, longitudinally elongated, arcuate side nenbers which

cooper at i1gethy pakgirigRendntcfededl, MoB@intskid ipRding@kinsnitih@redelyeen; a
plurality of oppositely extending arched inner and outer rib elements
ext endi ng6f e Fuang chafewagblamil, thefildhg 4 FRERRE SostionRPRIAbbM 8F e H&F hdibers to
an interi alirestaluldnwt s Bb ehae@Bth sAB thedberd @ASEne@N Biote®$ 8Rlinnki &d BleFaNt

| ongi t udi reddnleyits dhdlpasath deieseen sai d i nner and outer arched rib

el enents, and at |east partly disposed in said interior vol une,

wher ei n aboutol3fn feeeentondfinitdepdadatd Supfiases ARy @F p&aing elements of claim 1.
saddl e- shaped random packing elenent is defined within saird interior
vol une. 38.A JHaeleprpkd REdRl RRERE cl@heretMpikid2, wherein at |east one of
said lesser rib elenents is discontinuous to thereby create first and
second ri b SeGMHERESally3daced Mo RAGH1NEoRbRARANAO §idS hah Far33hicepRitNely define
sai d first adevesemgndiral &isiBgeRiiesn;are bent in radially opposite
directions. 35. The packing element of claim 33, wherein said first
and second { jifra%9gnEpbSteBlcRicRERY arbhRd 18 a5 @HRer BRI etHlentd E4:&REH PR m and between

said side members to cooperatively define an interior volume therebetween; and

at least one lesser rib element longitudinally disposed between said inner and outer arched rib
elements, and at least partly disposed in said interior volume,

wherein at least about 20 percent of the total surface area of said saddle-shaped random packing
element is defined within said interior volume, and

wherein said packing element represents about 10 to about 25 percent of the volume of a torus.

19. The packing element of claim 18, wherein the total number of said inner rib elements plus said outer
rib elements is five.

20. The packing element of claim 19, wherein about 36 percent of the total surface area of said saddle-
shaped random packing element is defined within said interior volume.

21. The packing element of claim 19, wherein at least one of said lesser rib elements is discontinuous to
thereby create first and second rib segments.

22. The packing element of claim 21, wherein said first and second rib segments are bent in radially
opposite directions.

23. The packing element of claim 21, wherein said first and second rib segments are bent in the same
radial direction.

24. The packing element of claim 19, wherein at least one of said lesser rib elements is continuous.
25. The packing elernent of claim 18, wherein the total number of said inner rib elements plus said outer
rilr elements is three,

26. The packing element of claim 23, wherein about 36 percent of the total surface area of said saddle-
shaped random packing element is defined within said interior volume,.
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36. The packing el enment of claim33, wherein at | east one of said

| esser rib elenents is continuous. 37. A saddl e-shaped random packi ng

el ement conprising: a pair of laterally spaced, |ongitudinally

el ongat ed, arcuate side nmenbers which cooperatively define a curved

| ongi tudi nal axis therebetween; a plurality of oppositely extending

arched inner and outer rib elenents extending fromand between said

si de men28r 4 sddolechpperaaddnv@dcyingldbmenecatprising:er i or vol unme t her ebet ween,;

and a plurality of lesser rib elenents, each |esser rib el enment being

| ongi t udi nad pajr dil=spolyegacheE longRRimay dondaRearaafd sideienbad GRadkobpdiatively define

el enent s andcwatedl@gsidipbatd trerchespogsed in said interior vol une,

wherei n about 36 percent of the total surface area of said

saddl e- shapesluman dospppaelicRgnEh &R inn& 8€biteret eWndehds Bxi&Rlg fioh 88 b&Qveen

vol ume, whetagd sidesi@inberp acdob pgatioble ABTHe af Biprios@Ning Bdreidtwelf) ah@ about 25

percent of the volunme of a torus, and wherein the total nunber of

sai d inner sidasteherBatish dtst Saditdioallyelispbded b@NQABA SinkiSanfl bMe: arcd8d riThe

packi ng el esfemdnispdndal laasapadtly divdossden saidihteti@aslumene of said | esser rib

el enments is discontinuous to thereby create first and second rib

segments. 3Qherelng IR&CKLNGO GérediBtithedbiaCuthddad® of WMIA@IIIshSHId Gankibh @&k&@d

second ri b degmentsfired eithieniid ineribachlahd, yndopposi te directions. 40. The

packi ng el ement of claim 38, wherein said first and second rib

segnent s arehdx@nihe kotal hit@bes afQAidriadk Ab clethén@GHisQA d odkdr ribldEnRAGKARY

el ement of claim 38, wherein at |east one of said |lesser rib elenents

I S conti IBORKS packing element of claim 27, wherein at least one of said lesser rib elements is discontinuous to
thereby create first and second rib segments.

29. The packing element of claim 28, wherein said first and second rib segments are bent in radially
opposite directions.

30. The packing element of claim 28, wherein said first and second rib segments are bent in the same
radial direction.

31. The packing element of claim 28, wherein at least one of said lesser rib elements is continuous.

32. A saddle-shaped random packing element comprising;

a pair of laterally spaced, longitudinally elongated, arcuate side members which cooperatively define
a curved longitudinal axis therebetween;

a plurality of oppositely extending arched inner and outer rib elements extending from and between
said side members to cooperatively define an interior volume therebetween; and

at least one lesser rib element longitudinally disposed between said inner and outer arched rib
elements, and at least partly disposed in said interior volume,

wherein about 36 percent of the total surface area of said saddle-shaped random packing element is
defined within said interior volume.

33. The packing element of claim 32, wherein at least one of said lesser rib elements is discontinuous to
thereby create first and second rib segments.

34. The packing element of claim 33, wherein said first and second rib segments are bent in radially
opposite directions.

35. The packing element of claim 33, wherein said first and second rib segments are bent in the same
radial direction.
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36. The packing element of ¢laim 33, wherein at least one of said lesser rib elements is continuous.

37. A saddle-shaped random packing element comprising:

38.

40.

41.

a pair of laterally spaced, longitudinally elongated, arcuate side members which cooperatively define
a curved longitudinal axis therebetween;

a plurality of oppositely extending arched inner and outer rib elements extending from and between
said side members to cooperatively define an interior volume therebetween; and

a plurality of lesser rib elements, each lesser rib element being longitudinally disposed between said
inner and outer arched rib elements and at least partly disposed in said interior volume,

wherein about 36 percent of the total surface area of said saddle-shaped random packing element is
defined within said interior volume,

wherein said packing element represents about 10 to about 25 percent of the volume of a torus, and
wherein the total number of said inner rib elements plus said outer rib elements is five.

The packing element of claim 37, wherein at [east one of said lesser rib elements is discontinuous to
thereby create first and second rib segments.

. The packing element of claim 38, wherein said first and second rib segments are bent in radially

opposite directions.

The packing element of claim 38, wherein said first and second rib segments are bent in the same
radial direction.

The packing element of claim 38, wherein at least one of said lesser rib elements is continuous.
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