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BACKGROUND [ 0001] To achi eve high efficiencies in mass transfer colums
(e.g., aiwoepamnatnon columms), it is well established thatusaoiifosrent | i quid
distribution in a packing bed is critical. Uniformliquid distribution

| eads to efficient mass transfer in the packing bed. Thus, it 5becane the

i ndustry standard to design nass transfer columms and devices to pronote
uniformliquid distribution. [0002] For exenplary purposes, a traditional
mass transfer colum section 100 is illustrated in Figure 1 that uses
countercurrent flow of a liquid and a vapor for mass transfer. The |liquid
falls down the mass transfer colum as a result of gravity and the 10 vapor
rises up the nmass transfer colum as &TEEsult of an established pressure
gradient along the length of the columm section. The result is that nass
transfer takes place inside $MeldgeliumperpelioBCoMmypi cal mass transfer

col umm, such as an air separation colum, is divided into a nunber of zones
or sections 102 where each zone or section 102 is bounded by a 15 nass
transfer device such as, for exanpPRCKGRPANY ng bed or packing 104, from

the bottomand a_liquid distributor 110, for exanple, fromthe top. Between
the packi F§01bs Eaqchigue diigh effiigneies 17 gnass Ha%%%k%d%m”%éﬁenﬁﬁr§@§”ﬁﬁ¥veen
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106 of the packing where vapor 120 ascends upward fromthe packing 104

and |iqui ¥M9@ F%"l’ 9 Sltrfbé‘EP” '%@M%ﬁ@"ﬂ GHSFH@”QW IRy hegpafkansr basat dhust 10

[0004]5 A bygintathel ihukite éﬂérﬁia?d RHd&Yignlhds s abhdemsollahd aN@BSVicay 1 drbfidied
passages for vapor and |ljquid collection and distribution. The vapor

passages HpPiorpdigyidrdigiripiienascendi ng vapor 120 to pass through the liquid

di stri but 110 into the next colum section %?ot shown qui d collectors
(not showEB 02} e FPLEXEBRI2RN PYRESE P dRditingall Mash dapsiet cp m”o'ﬁeci'i’ﬂ 105181
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nmaintain a deS|r |d 116 an to rovide a de ired, %ﬁua

even, |iqlResTe; sﬁ“? B%H'ﬁ? &{'Safjé%‘ StARSSSHRNS A% 2 eddlt 8 Qﬁﬁ‘%}fiﬂ fisr 110
and, {ider eé;ﬁj’rﬁ?l,se@(ib@ﬁénfab@trﬁ@éf@ﬂ&bl@h@%ﬁ-a&%@@lt eNad established pressure gradient

along the length of the column section. The result is that mass transfer takes place

inside the column.

[0003] A typical mass transfer column, such as an air separation column, is divided into

a number of zones or sections 102 where each zone or section 102 is bounded by a
15  mass transfer device such as, for example, a packing bed or packing 104, from the

bottom and a liquid distributor 110, for example, from the top. Between the packing 104

and the distributor 110 is a space or spacing 108 between the bottom surface 126 of the

liquid distributor 110 and the top surface 106 of the packing 104 where vapor 120

ascends upward from the packing 104 and liquid 116 falls freely downward from the
20  liquid distributor 110.

[0004] A typical liquid distributor 110 contains both vapor and liquid passages for vapor
and ligquid collection and distribution. The vapor passages are used for the ascending
vapor 120 to pass through the liquid distributor 110 into the next column section (not
shown). Liquid collectors (not shown) are located on the top of the liquid distributor 110.
25  The liquid collector and liquid distributor 110 are typically designed to maintain a desired
level of liquid 116 and to provide a desired, usually even, liquid distribution across the

surface of the liquid distributor 110 and, therefore, across the column cross-sectional
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WO 2012/ 134470PCT/ US2011/ 030641 area. The purpose of the liquid distributor
110 is to distribute the liquid 116 uniformy on the packing surface 106. A
seri es ofwbiquvd44dstri buti on apertures or holes 114 ar eCpltisc@d/080s41 he
liquid distributor 110 for the liquid 116 to pass through under hydrostatic
pressure. The liquid distribution apertures or holes 114 may be of equal or
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i nfluence of the force fromthe turning vapor stream 122). [0009]
Significant deflection of the droplet may occur froma desired fall

positi on WO 2bteé13dt7opl et i s experiencing a force from t heCrarseéng3osapor
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[0009] Significant deflection of the droplet may occur from a desired fall position if the

droplet is experiencing a force from the turning vapor stream at the very top of the
spacing and/or if the droplet forms at the liquid distribution aperture or hole positioned
20 close to the riser edge. Further, as vapor and liquid throughput is increased in the mass

transfer column, liquid droplet deflection will increase.

[0010] There are several ways to minimize liquid deflection in the mass transfer
column. The first way to minimize liquid deflection in the mass transfer column is to
minimize the spacing 108 between the bottom surface 126 of the liquid distributor 110
25 and the top surface 106 of the packing 104. Having a smaller spacing results in a
shorter affected droplet residence time (ADRT) of the falling liquid in that spacing and,
therefore, may result in less overall liquid deflection from the desired fall position at the
packing surface. The affected droplet residence time (ADRT) is calculated by dividing
the spacing where the droplets are affected by the turning vapors streams (Haerzcr=n) by

30 the average droplet velocity (Vaveproper) OF:

AD R T = HAFFECTED/V AVEDROPLET-

Unfortunately, minimizing the spacing often has limits due to a variety of different factors

related to fabrication of the mass transfer devices and liquid distributors.
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10 and, therefore, may inpact liquid distribution at the top of the liquid
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30di stributors and the packing surfaces for different columm zones. SUMVARY
[ 0019] The di scl osed enbodi nents satisfy the need in the art by providing
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of mass transfer WO 2012/ 134470PCT/ US2011/ 030641 devices, in particular in
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10net hods and instrunentalities disclosed. In the draw ngs: [0023] Figure 1
is a cross-sectional view of a traditional mass transfer columm section;

[ 0024] Fiwore1223u470a sectional view of the traditional masaseeansdear col um
section of Figure 1; [0025] Figure 3 is a graphical representation
illustrating droplet deflections as a 15function of vapor and |iquid
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VO 2012/ 1{3?&3?9? ﬁllf fs?é%‘élgs%%fsé&m})%)rﬁ]? rOﬂG?LS{EISCC%ﬂF%‘[Sﬂ}%hétquSt one ris

representation on Wi ent gaps be Ween
t he sho el dabindhe@okitheg as Ulea‘sacrmeatlserawalbmtandis dtanvea Viegp crurfaed Gncflthy Itqluainges.
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parti cul ant lebstr orsegtaeldtaxtamds ditonna ssevbed surtavef arine d:lqls;d rdldiombut@mmfosltmme

falling | hgrlsﬁirf%c% gr{o‘ &tgﬁdinqaﬁwda gggodong?e(:ttloﬁ %?tr%e%'aggtrgﬁéf‘elc!:(ﬁnﬁx osi}

significantly. 1n general; e? §r&l%sed 25 pec cant'e PEOES

t ypes of thesftirsi biveadios;, afxlitbt Baet pae ﬂiqlajduIdwtmt;utlberwbrtuueaextémﬂing froogthesfirgl e and
| at t .

Cpeci 15 cartirtsdt R ey MRS hiofth. bisGsdeth ek B b ™Y Bt Bacic ng

surface. Wheltelneith;a ahastare sifield hes edﬂngﬁnextemme tben sa@qndbb"epm suchltizatlay

user Ul wggh R DLAIQIENRI MDY RaBA IO 3035 hor kB o BXAILR IRERE B0 200

hol es per uaré neter o rans ceYar ea I'ha spects
of the cuthegrap hetweart theshiellarskthp aackingisaboyt 1smfruio Akrem. hi gh capacity
packing is utilized and, therefore, high vapor flowrates in the mass
transfer ML elrapeothersmbpdiment, a method for the distribution of a liquid in a mass

20  transfer column is disclosed, comprising the steps of: introducing the liquid into an upper
portion of the mass transfer column; positioning within the mass transfer column at least
one mass transfer column section; positioning within the at least one mass transfer
column section a liquid distributor to receive a downwardly flowing stream of liquid and
an upwardly flowing stream of vapor, the liquid distributor comprising: (i) at least one

25  riser comprising at least one riser wall, wherein the at least one riser wall extends
upwardly from a first surface of the liquid distributor; (ii) at least one shield, wherein the
at least one shield extends from a second surface of the liquid distributor opposite the
first surface and extending downwardly; and (iii) at least one liquid distribution aperture
extending from the first surface of the liquid distributor through the second surface of the

30  liquid distributor, wherein the at least one shield has a length extending downwardly such
that a gap is created between the at least one shield and a packing positioned below the
liquid distributor in the mass transfer column, and wherein the height of the gap between
the shield and the packing is about 10 mm to 75 mm; collecting the downwardly flowing

stream of liquid from the upper portion of the mass transfer column on the first surface of
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15[ 0035] Figure 4 illustrates a sectional view of an exenplary nmass
transfer colunm section 400 in accordance with one enbodi mrent of the
current iwoent¥iBm70The sectional view of the nass transPemr/usedinmsoesect i on
400 includes the outer wall of the mass transfer colum 402. The nass
transfer colum section 400 is bounded by packing 404, fromthe bottom and
aliquid distributor 410 fromthe top. Between the packing 404 and the

i qui d 20thai Iguidi dmnmtovﬂ,b@ss;ns;g thegpaardig flaidg sireare of aguor fiohr harowi@(poaiarends

upward t hr h Kin i l rd fr. t he

Pani d o & MEomos rARE SR iRt el frie' Bubasthliad SIS0 «ne
top of t hthel dcmmvdardlysﬂbmrtgﬂtm‘anﬂdzohquTm&om EIUBHStCCIleHﬂUtdOdISiHbUi’Ian apdridre in

di stributgr |41% rtﬁ: t |cf31 th% ned to maintain a desired | evel of
l'iquid 41&1e Wd'" D g ow &% 8%? 1, usually uniform liquid distribution
across. the surfa of liquid

di Stl’l%utl on ape%d%gggosrd@ Fldﬂ?fds%(%ﬁzé%gk%\&(%n@%QHE@%@Mﬁés q

di stri but 0 r | i 6 r n

or essur o (28t PThelaldiing SihfhaffOad QuRfeg ! Ritdh ﬂ%ﬂ%%‘ééﬁﬁ%‘*equm or
di f f er ent emrawiarweembdélpmth nig be:ttetrhmdmsteod rvetresf eeacc ah Loonjusictian, vathetief i ¢
zone or s i tc. In
200t on: S0tdrdRa ARG PTG bR of el G dhale S KRR o

or gani zeddlawmgsgezxemplary donsteqptibas; rmweayls thélgehiiaquischddiligtited buttme)npam‘e:rt ures

or holes distributor body or at the

troug §veﬁ%|cgsgnB%Fﬂhﬁﬁﬁgmﬁ%iégﬁ%ga éﬁggﬁge#¢§§zblllb3364l [00%6] Dropl ets

418 f d

di st i bu B HoFI ) RFYPSEHth NP Sl § HeRorkl Sy Fansterbaln! REcibb T

through t pﬁ ﬁﬁaﬂgﬂﬂa ﬂg@ a%e%ﬂ&dd‘gne%\l BPﬁ%ﬁréH.t Z?%P%Sé %raﬁéfér E81uthh WLEbrs b €ans.

I n genera urd streans or drop created may vary 1 n size and

may have figtfeetient initial velocities. 5 The dropl et 418 sizes are defined

by the dianeter of the liquid distribution apertures or holes 414, by the

liquid inl@028] biguescid ys aaawhrbigat hepreseptatonphiystratiap grioolee rdeflecliondedssiat y

Vi scosd ty - : ng 404 is designed to accept the liquid
§5 ftw%ﬁ(?nl éf v.ahgroé)’r?d Iloiﬂg)e\{eg(?cﬁﬁs_

416 fromt quid distr 0 and to distribute the ascendi ng vapor
Stream 42Q@eenFiuACEISS Aol Uy BEE AR Plnstd) dofiinTTBSioh iR BRES ARl UM
section 400. rs 412 are positioned across the surtface of the liquid

di st ri but ¥ith gne embodimenhot the peeseshiaveniiovapor stream 420 to flow t hrough and
into, for exanple, the next mass transfer columm section (not shown).

[0038] Si H27} hBigute Riihg segponal yieveahs mswé@sf%mwrmrbswmad@ a@ﬁ@!d@m@pl et

418 and I{NﬁhIoﬁégﬁ-@ggm{é‘n@bﬁﬁg%Fééenﬁﬂ%@%ﬁause it is not always possible to
m ni mi ze the spacing 408 15 between the packing 404 and the |iquid

di strjpdput Zéﬂ-oFlgﬁFéoéAWE@S§§H&%8F\QG\LQFQ(ﬁqﬁlb%lm(jh BEcof@RRE vl Gs 420
to turn closer to packi ng surface 406 rather than closer to the liquid
di stribut é'ﬁ‘b@l(i'me”trﬁféh%lé(ﬂséét if@dor:o achi eve this purpose shall be referred
to as a shield wall or shield 424. 0039} A shield 424 is affixed to the
bot t om of [4028] | FigureBRiissa piogereestionalvigw ef a lifye disituief ipgceprdansgivaiigyne

downwar d bmpbiitert &R bRRcANDRASIbR of the ascending vapor stream 420.
Applicants found that incorporation of the shield 424 caused the ascendi ng

vapor S”ﬁmﬁb]‘lzﬁlghﬁb FONEY ¥RIss SBYRINEBVIEW &f AN Mt URSr it BEcdri e vithorld - €.
becone_a turning or stream 422) at a position closer to the surface of

the p&tki ﬁ@ba@meaha e PEasERt IBVRNIORr om t he point at which the droplet 418
enters the spacing 408 fromthe aperture or hole 414 25 in the liquid

di st ri but 03 ]_loFQgrq LK P‘éﬁs%‘:ti"ﬁ ‘F@"élﬂf@ hiquichGistuieftia 3asaeanes 4ttt e

shi el d 424sgrvsetle bhRepf igdeliohvween the shield 424 and, for exanple, the
outer wall of the mass transfer colum 402 where the dropl ets 418 fell, to

becone a HI03R] CFRURS BUIsCa Zgraphivdlt RRpledeh e8P rilusehmy liyuid r®Febidnndith rearddhe
t ur ni ng v or SE@ am 422 to format@%éi osition rmcaml oser to the surface

of the pa | ingqyperatedi il VAR s qui%oqré(plpm% g8S't"d spaci ng 30 408
for a nuch Ionger period of time and di stance w thout being affected by the
turning vapor streans 422 leading to (1) |less deflection of the droplets
418 (2) better distribution of the liquid 416; and (3) better nass transfer
efficiencies of the nmass transfer colum WD 2012/ 134470PCT/ US2011/ 030641
section 400. Shield 424 extends sufficiently bel ow the level of liquid

di stributor 410 to reduce the affected droplet residence tinme (ADRT).



[ 0040] For exenplary purposes, one may assune the H - AFFECTED (or the

spaci ng where the droplets are affected by the turning vapors streans) of
Figure 2 we 2etuah47o the 5 di stance between the bottom orfise@102@40f t he
liquid distributor 110 and the top surface 106 of the packing 104 to be 400
mm and the average droplet velocity of 1 misec. Thus, the affected dropl et
residence tinme is calculated as 0.4 sec. Use of shield 424 in the mass
transfer [DB3EIM F'@eoa BMa@QpWamWremtétronrrmmimeeg tilned abfledibe dvithr difidrent

resi dence

Cpaci g wABrEDeESt s B B4 Bk ol RS IS b bl i Bhod®Be o )

is equal to the drstance bet we fiace 428 of the shield 424
and the packi ng surface 406. T ET%‘P‘% @Eﬁeg}l%ﬂpl\? resi dence time (ADRT)

Il be O h
dropl ot vIgt34F ¢ BSRGRs YEIeCRl Al et Eiderio P g EBAh b, S45HEo1
(ADRT)S i smaeslutcmmry davices, dernd ah Q@‘trmiqm fbuc@plar;atrpnscdumais i Wheref ubifems h| eld
424 t f 4
t he ?S?Irr ﬁf8§(§ht'é]12qf 9‘2134 %atcliagd o srr%l I en?j I ecpig%\r/rﬁ%f dgr'% e%‘f[& %ﬁ% from
their int elgdlédarftlal lIn gelserai the dlaclrﬁ&dkaswgctsmré apellcable to [a0 Ovists dfmwmmwr y, in

Lhe exemLa e TR 4 ARS8 TB. PG00 A08 800! huabiet BEhdd B Our es

2 and 4, resi denc ang e ver & an y the
20 affect et clregol mvenmm d@wwctflcaﬂy usefmléduawdmIZTr‘rgellqm alaldistoutonr @strgence

E: rnreesdrl)-esg %‘%/“é o% @r'tr% ﬁ@rﬂ]epaa %)C%g%%mt% hgﬁ%\%grnggém&e inc?eglo%@ LQ]Q%Iplu 118,
418 i n t hehepadighydda®dy ho@Bpattesp sctisedefoy .exgdpk3moid thagi08I blek2derremyatee
pOSI ti One%egér o‘?‘ﬁ"}é %a?ﬂrﬁ%f?r r{er\{ﬁ:‘(aérarg@I hnéﬂ;ﬁ gqegté Lnutﬁercﬁ rgrq |h\{errrlt:br9ma?/ b%bl e

(i.e., as a continua
manner 25pamticllady nepfafWheast high capadiy praclseg lamallllzedsaed atberrerdrer,smgravembrrfithFi gure

5. For ex % A ggégggre&er&; \)ic%laq?ﬁ?e%eh {lustrated in Figure 4 and shield

524 illus ure 5 have e sanme shield | ength. The defl ection of

dropl % S fl@%q % ?ﬁl g)'éésf grgé?:ﬁror%ﬁnev? otfrb% E)Qe%rglb@/liﬁag’é t%h%f%ereflﬁﬁr 524.

I n Frgure ribution apertures or ore t he
posi tion s¢riioe 410ﬁen deaptiatos \@morfa)embmarnentp@sthe icoment inventen. iTbe skétohd 524

30, and. tDBLA Y Lmal Dol MR 8086n 306 FRDBEHIBYeARL) AtyelhRl Eh34G18

vvrthagreater orce. sane ti1ne, e enl arged open area un riser
512 may redu®e %HeThelnwsttmneffsrc@emn@emqm@(x@a@boumerdéumasmag&ﬁﬂ frane thef or e,

TRy 1 eduoBolF AhAEIBRLHAEGN: AR 8Bl BenTlf b Aabiing a8k bndhe REiA"

accept abl ectr n since he a drdro
2012/2@44¢@P@Wd09201aﬁ053@6m 408s\Wiokra o@poi srteee(rrABRCr)asraM| UvasdrdiroughTHes, i n

general , r&‘#g gi‘laé{léﬂb{%tﬁc? ABSHAIL gi%gﬁ#w%ﬂ}’%ﬁ{ & HhUE ChstibGd @181 STILRUTT on

apertures or riser
collectors (not shown) may be located on the top of the liquid distributor 410. The liquid

collector and liquid distributor 410 are typically designed to maintain a desired level of
liquid 416 and to provide a desired, usually uniform, liquid distribution across the surface
25  of the liquid distributor 410. A series of liquid distribution apertures or holes 414 are
positioned in the liquid distributor 410 for the liquid 416 to pass through under hydrostatic
pressure. The liquid distribution apertures or holes 414 may be of equal or different
diameters depending on the mass transfer column size, specific zone or section design,
position on the liquid distributor surface, etc. In addition, the liquid distribution apertures
30 or holes 414 may be organized in regular or irregular arrays. The liquid distribution
apertures or holes 414 may be placed at the bottom of the distributor body or at the

trough vertical walls, etc.



[ 0044] The shields 624 may extend along the entire length of the
cross-section of the colum where one shield 624 is used in conjunction
wi t h nul twpl2e1vidgegns 612 as illustrated 5 in Figure 6A. PChASediilmB@dl 624 may
al so have a box shape that is wapped around a riser 612 as illustrated in
Figure 6B. Partial shields 624 may al so be used in sone cases as
illustrated in Figure 6C. A partial shield is a shield 624 which covers a
speci fic [Q0S6 Bidblets 4nbuornmeat tedigog dibtribttioe aweytueesr astwoléhé14 of theriquldn sone

i nst ances,;._a. nj xt ure ne [ f e alter Y i lustrated in.Figures
oa t o o Hseflef E0SaR 7 GrdmeE e, 1 ghBP R BB Bl A{ B Fdrn e Sngeh
of the ri seacgind4®8 weralidg stvéams ap deoptaind 18 hoe lignidsstefantshelnr geeral, the louller

LSy B oG] ANGEn R BE AL SRR b

eris
| engt h6 Alfige dtdpéet dd8sdizealdre daficedshby thebdiemsteapé ther iqeid disiribatiaf apdrareshorel d

ol emont & net At EEaRe yier BF=LUOBH® 268 i e o B bR Pl Bl ™

transfer vuistesipsetdQ2, 502 and 602 but are not specifically discussed in the
specification are, in the interest of clarity, may be included in Figures 4
t hrough 7[008@LhThé¢ paekites 404 Id ddsignedriefaecediee mundat 6 frbmathe dineididistrilmdsred by

.300’ 400 gli %gﬁ) t 5i§t§i8&t%tti1é/ ggé/enpﬁlgrv ﬁxlaﬁpéa?‘n 45618v4nié§9?érgssd{h%t rr&s%%e?v{iori 3f
identified by Tefteérence numera 00" T'h A efer ent 6 mass 4vansrer ol um
102. Ref etrenoesniansfel ®lubii) sedivd 400d RId€)s MdRare positieres daaresssthersudatainins

402, 502 gnd. . | .10 f t V, r
fl ow on | ?%ulfqgl?(fglgj{r@g@g%bw\gfﬁ %V\\;Eﬁ%gg ééegﬁhr%i %%8‘}%&? %g@ﬁgtfiogjaﬁ%‘%&‘ e
exper i mentndd, fores@spleAtheatdxt matss transfencddmmagctioui(hdt showeyal uat e 25 possi bl e
droplet deflection in the spacing of a colum zone. This nodel was built

usi ng conf¥381 i Simak tiid wirtinglyaroristreain@2R)wassiohnd tpuiewacChereometad 18yarahitsi | abl e
code FLUE (o) ruct, . ) I quid . ect |

cal oul at ol eqRg W CafPBECES 1 b 35t TR ol S by ISR 4B .
Model 1hg petaieotthe pgckiry 404 ahd diae Holit istiitaitoresi), tropldantd saght tofareotiduct i ng

exper | monf o HRgEp A RemaRR 10l fiost s RS BB s PO Rl
Rel ati ve WajpediquidldiatiiuporRgatTihealevicquisdd Yedaigveythis purpose shall be referred to
as a shield wall or shield 424.

[0039] A shield 424 is affixed to the bottom of the liquid distributor 410 where the shield
20 424 extends downward in the direction opposite of the ascending vapor stream 420.
Applicants found that incorporation of the shield 424 caused the ascending vapor stream
420 to maneuver towards the open area of the riser 412 (i.e., become a turning vapor
stream 422) at a position closer to the surface of the packing 406 and further away from
the point at which the droplet 418 enters the spacing 408 from the aperture or hole 414
25 in the liquid distributor 410 as illustrated in Figure 4. Applicants found that the shield 424
caused the area between the shield 424 and, for example, the outer wall of the mass
transfer column 402 where the droplets 418 fell, to become a static pressure zone with
low vapor velocity, resulting in the turning vapor stream 422 to form at a position much
closer to the surface of the packing 406. Thus, the droplets 418 fall through the spacing
30 408 for a much longer period of time and distance without being affected by the turning
vapor streams 422 leading to (1) less deflection of the droplets 418 (2) better distribution

of the liquid 416; and (3) better mass transfer efficiencies of the mass transfer column



Liquid Deflection (wthout shields) % mm42%0.7 19.5 58%0.7 39.6 78% 0.7
- 42% 1.5 10.4 58% 1.5 20.2 78%
WO 2012/134470 PCT/US2011/030641

section 400. Shield 424 extends sufficiently below the level of liquid distributor 410 to

reduce the affected droplet residence time (ADRT).

[0040] For exemplary purposes, one may assume the Harcrep (Or the spacing where
the droplets are affected by the turning vapors streams) of Figure 2 is equal to the
5 distance between the bottom surface 126 of the liquid distributor 110 and the top surface
106 of the packing 104 to be 400 mm and the average droplet velocity of 1 m/sec. Thus,
the affected droplet residence time is calculated as 0.4 sec. Use of shield 424 in the
mass transfer column section 400 dramatically reduces the affected droplet residence
time. As illustrated in Figure 4, the Har=crep (Or the spacing where the droplets are
10 affected by the turning vapors streams) is equal to the distance between the bottom
surface 428 of the shield 424 and the packing surface 406. The affected droplet
residence time (ADRT) will be 0.04 seconds where the Harecrer is 40 mm and the

average droplet velocity of 1 m/sec.

[0041] The affected droplet residence time (ADRT) is reduced by an order of
15  magnitude by installation of the shield 424 near riser 412 to delay the influence of turning
vapor stream 422 on the falling droplets 418 leading to smaller deflection of droplet 418

from their intended fall position on packing surface 406.

[0042] Importantly, in the exemplary mass transfer column sections 100, 400 illustrated
in Figures 2 and 4, the total liquid residence time changed very little and only the

20 affected droplet residence time is reduced. The total liquid residence time (TLRT) is
calculated based on the height of the spacing 108, 408 (irrespective of the shield 424)
and the average velocity of droplet 118, 418 in the spacing 108, 408 respectively.

[0043] The shield 424 may be positioned directly below a riser wall 413 as illustrated in
Figure 4 (i.e., as a continuation of the riser wall 413) or in any other suitable manner
25 including offset from the riser wall 513 as illustrated in Figure 5. For exemplary
purposes, shield 424 illustrated in Figure 4 and shield 524 illustrated in Figure 5 have the
same shield length. The deflection of droplets 418, 518 may be different due to the
positions of shield 424, 524. In Figure 5, liquid distribution apertures or holes 514, and
therefore the position where the droplets 518 form, are positioned closer to shield 524
30 and, therefore, the turning vapor stream 522 may act on droplets 518 with a greater
force. At the same time, the enlarged open area under riser 512 may reduce the velocity
of the turning vapor stream 522 and therefore, may reduce the force acting on droplets

518. The final result may be an acceptable deflection since the affected droplet

-10 -



1.5 39.3 Liquid deflection at a relative vapor velocity of 78% and a
relative liquid velocity of 0.7 was not included in Table 1 because at such
rel ati ve wapor2/msmiol i quid velocities, the 5 deflection Ra3/USe01g08®l1 t hat
the liquid deflected into other deflected liquid streans (comng fromthe
other direction) in the sanme section causing inaccurate neasurenent of the
| iquid defl ection. However, the liquid deflection at the relative vapor

vel oci ty dfsideBee dine (rAéJFélt)iremalriscmila:ll \Tdabacihtg,enelfal Gshfeldv@24 gnaabe posiliened he

ver'aci 1y Bpviges® Beflech N6l St ¥RBRIeY B RG1S X1 LiniRE BT 1= AL LY P oy’
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the i qui | ection Ay be q anti a h are Ively hlgh
initial |coumdwher®ond yhlelp(ﬁm&} uMme:maerpd:tm,n veith nnqhupld rdemrﬂ@tamr&ystdamd

def | o4 ol aal ok LI OURAN R A0 RETA6 Uk b Bl s PESAAL AR IERSLY

vapor Vel OCI © s i ncreased proxi ma percen (75%
as illustbéd esl |Iiuatrﬁegurr EigBre GB glE’laelaleablsle 62# Inoestt alacb be usediin $dmee dasys| ast

def | ect i p@ﬂ%‘?ﬁéegﬁi I-Sé ﬂtp §1§ el\éq% % sh%‘% f’lg\?/ﬁlcx%lcﬁgr% ySpfeQHE: n%@remz

mal di stri n cau suc ron nma
practi cal Wﬁbon‘reafxtﬂnalngmjlrt}heszee/ agro4 g dE)kmimaln somefindtarges.da dextlecefiam i n a

S1nole Solmor AIcaURALeR DAty b8 RS AdLRLIR! 3T B LSL AL, i d

def | ecti on was e resi dence e of Ot fie Jdr O spaci et ween
t he pHZki algelsluna‘iya@eemmlytte ldingth rof thet reser, bﬂhwouldmodwrmeamun@themm\oéthe may

ot be, aSakPALLARL ot e SEARhRd Bk RELAL AR An LT HBATI O Co

fromthe ascendlng va ors™’(or nore speci e’turni nhg vapor Peans
The | ow f lisars roatreduoeglhershlelld lesgthatoettiei snzd:srgahm tBere fenpsarflerght Hny dthert . At

(DR bodsaieblopdnd SRRG bMhelHeRfaioh 1 o7 SRELCHAP Pl EoRUSRRA ™™

2012/ 1344p0RGI¢.US2011/ 030641 in greater defl ection as the residence tine
increased. Mnimzing the affected droplet residence tine helped to

m ni MZe {00d45HeReterencemuoferalaef sorogklementsoohthdrmade ansfer gniwnn 10X thahatehe
packi ng s 0Q5 i JuHBC Fi : es
t he di ffe?leéglgrgs?rh ﬁi g‘]l??%q%’leng Yeﬁc(ﬁﬂjon(r?{?%‘l b2 %R?naﬁyséa% r%l%s g §Ot %delréﬁltcélﬁ;

Fi gure 3 distisset irmtrehdpelcification ae sinrihe mteraasé darlwwmaafrba:mbluded lmléigmrperﬁlat ed

wth a Sh{q‘ﬂ)t&h""}‘e%ﬁcﬁ%@ n'té"ﬁ{l|rr%'v§trbf‘é?en'cb%‘éhg>e}’ser{h%fbFeym ?Ex% 3@2”4$doant

and the re ve vapor vel ocl was | ncrease por
Vel oci ty or 500, respectively. For example the liquid distributor is identified by reference numeral

20 110 in reference to mass transfer column 102. Reference numerals 410, 510 and 610

refer to mass transfer columns 402, 502 and 602, respectfully.
EXAMPLES

[0046] The effect of the vapor flow on liquid trajectory was evaluated using both
theoretical and experimental means. A mathematical model was built to evaluate
25  possible droplet deflection in the spacing of a column zone. This model was built using
computational fluid dynamics (CFD) techniqgues. Commercially available code FLUENT
was used to construct the model. The liquid deflection was calculated as a function of
the vapor velocity as illustrated in Figure 3. Modeling predictions were validated by the
results obtained from conducting the experiments using air and water. An agreement

30 between modeling and experimental results was found.

[0047] As illustrated in Figure 3 and Table 1, substantial liquid deflection may occur

when the vapor velocity of the ascending vapor is relatively high.
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Rel ative Liquid Velocity Deflection Wthout Shields Wth Shields ms nms
mm mm 42% 58% 78% 84% 108% c? c¢c? c¢? c¢? c¢? 19.5 39.6 1100 csJ 10As

i 1l ustratwo 20re/iBadybe 2 and Figure 8, inclusion of the sirC&lu$201/08(%@¢1 NBSS
transfer columm section dramatically reduced the liquid deflection in the
colum section thereby | eading to higher mass transfer efficiency.

Table 1
Liquid
Relative Vapor | Relative Liquid | Deflection
Velocity Velocity (without
shields)
% mm
42% 0.7 19.5
58% 0.7 39.6
78% 0.7 -
42% 1.5 104
58% 1.5 20.2
78% 1.5 39.3

Liquid deflection at a relative vapor velocity of 78% and a relative liquid velocity of 0.7
was not included in Table 1 because at such relative vapor and liquid velocities, the
5 deflection was so great that the liquid deflected into other deflected liquid streams
(coming from the other direction) in the same section causing inaccurate measurement
of the liquid deflection. However, the liquid deflection at the relative vapor velocity of
78% and relative liquid velocity of 0.7 was greater than the liquid deflection at the relative
vapor velocity of 58% and relative liquid velocity of 0.7. Applicants found that liquid
10  deflection may be reduced if the initial velocity of the liquid droplets is increased.
Nevertheless, the liquid deflection may be quite substantial even with a relatively high

initial liquid velocity.

[0048] For example, a liquid droplet may be deflected nearly 36 mm from the desired
vertical fall position when the vapor velocity is increased by approximately seventy-five
15  percent (75%) as illustrated in Figure 3. Figure 3 also illustrates that the droplet
deflection may exist even at relatively low vapor velocity, but the maldistribution caused

by such deflection may be tolerable for practical/commercial purposes.

[0049] Evaluation of liquid deflection in a single column zone revealed that the most
influential parameter of liquid deflection was the residence time of the droplet in the
20 spacing between the packing surface and the distributor. The residence time, however,
may not be as important if the droplet is not experiencing a significant force from the
ascending vapors (or more specifically the turning vapor streams). The low flow rate
region illustrated in Figure 3 exemplifies this fact. At sufficiently high vapor flow rates,

the affected droplet residence time (ADRT) became the most influential factor, resulting
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[ 0051] The "gap" (i.e., the distance between the bottom surface 428 of
shield 424 and the packing surface 406) may vary for different col ums,

di ff er entwoanes13i470t he sane 15 col um, and even for difPeramstomnios@ss in the
sanme colum section. The size of the gap depends on nmany factors including,
but not limted to, the particular colum design, vapor and liquid flow
rates, size of spacing between the packing surfaces and the distributors,

di stri but or glebpuiddflegientasr theaesibiehee tme éscreasesler Mmbsizingaths adfiedtedi drepisi ons,
etc. General of, Jror.e than 7 is . less efficien nd .not

or ovi de. stiridebre fre 3B PR s farelort 8 Bichlet ik BEPe B R
dropl et r esitderapgingisodaddRT. A gap of 10 nmor |less may | ead to high
velocities of the turning vapor stream 422 in the gap between shield 424
and packi [9581r alde 2406onjuhatiohivgth Rigure @i ilystratesrthe diffeegnoes st livpahdef@2tiaomay
cause y”a%c%%t%?%éf&e&&br%”Sof%‘gd}eté"%ﬁﬁ%ti‘%m‘é%' %&%J %‘ts‘?rﬂnaa}frfﬁ&st fangiop! et
resi dence tinme Ps Shal 12 A gap o mm or T'ess Ty al SO I hpact

uni f or m t golofmn WeHrRObRdL 344 70 RGIEIdUSR6 il 2030 6he retive lidusit velbeityi emaimed he
packi ng 404. . T ef err. .S Jn [ between 10 nm and 75 nm and
nore pref g(r)%t?nggggﬁ%%%’t'%V%Qiq?é/ﬁg)c%wér?n%cr %Qg(g'pr opriate shield height

shoul d be chosen to accommbdate the plr%f?eéred gap. Table 3 and Figure 9
illustrate the liquid deflection for (ﬂ]J erent size gaps where the relative

liquid velocity -?rm—n—ed—em%—l—an%ﬁ@e—rei—ah—vﬁmm—vﬁ—aci ty was
i ncreased. Tabl e|3 |§?I ative ggpor_ Vel ¢ é?(w Rel at i éelLit,qui d Vellocity Dropl et
Deflection (mm) | 1 9885” WY galpH9Hd o gap  788flection
Velocity
Without With
Shields Shields
m/s m/s mm mm
42% 0.7 19.5 2.1
58% 0.7 39.6 3.0
78% 0.7 - 5.8
84% 0.7 - 6.2
108% 0.7 - 9.0

10  Asiillustrated in Table 2 and Figure 8, inclusion of the shield in the mass transfer column
section dramatically reduced the liquid deflection in the column section thereby leading

to higher mass transfer efficiency.

[0051] The “gap’ (i.e., the distance between the bottom surface 428 of shield 424 and
the packing surface 406) may vary for different columns, different zones in the same
15  column, and even for different risers in the same column section. The size of the gap
depends on many factors including, but not limited to, the particular column design,
vapor and liquid flow rates, size of spacing between the packing surfaces and the
distributors, distributor liquid aperture or hole sizes, riser positions and dimensions, etc.
Generally, a gap of more than 75 mm is less efficient and may not provide sufficient
20  deflection control due to the increased affected droplet residence time ADRT. A gap of
10 mm or less may lead to high velocities of the turning vapor stream 422 in the gap
between shield 424 and packing surface 406. The high velocity turning vapor stream
422 may cause unacceptable deflections even though the calculated affected droplet

residence time (ADRT) is small. A gap of 10 mm or less may also impact uniformity of
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0.7 4.85.8 7.9 84%0.7 5.8 6.2 9.1 108%0.7 6.5 9.0 13.7 Table 3 in
conjunction with Figure 9 illustrates that as the gap was decreased by

i ncreasi ngotzhe/13e47gt h of the shield, the liquid defl ectipom/isk&lo/os@ar eased,
thus inproving 10 the mass transfer columm efficiency. [0052] While aspects
of the present invention have been described in connection with the
preferred enbodi nents of the various figures, it is to be understood that
ot her si nva@or distdidiomanthe paakingd04s dte prefemel aw Btin thesraapd bathdiehi 1®@msmnay be
made to th SCLi enbodiJrent faqr performn ane. function pf, the
oresent | AUbAGTON: ot WG Aot edeBF b B0 i s R0 sfeicon,

t her ef or eheightosthalilchbe dhesén o tecorhmodaty the nyéferredrigadi nEaltle Joanvd Figune©
shoul d be.canstrued i. r.eadt h, and.scgpe_in_accordance with the appended
cl'ai . FUPSEIETHE Sob, ErBAR O rTEETe Baf SR ENES e ek PBBEYE o e
a part5 of rdnmisedicsstans anedthe[r6R5E] vakmpeelbcitly. vhad ingreasedli st ri but or for
distribution of aliquid in a mass transfer 20 columm, conprising: at | east
one riser conprising at |least one risSkbledl |, wherein the at |east one
riser wall extends froma first surface of the liquid distributor in a
first directijon of the nmass tranr;Relatim)Eurm; at | east one shield, [wherein

the at | east |ongelatiesVapoevwdiedngs 1ragoi@ 5econdreplef BerRctidn (ng | i quild
di stributor dpposite the first stiytReg pnd extending in a second direction

of the mass t[ransfer col unn oppo$ite tn'e1dr'mrnsgtapd L r%\'g%?;; 7grrl,‘gmfél;gpleast
78% 0.7 4.8 5.8 7.9
84% 0.7 5.8 6.2 9.1
108% 0.7 6.5 9.0 13.7

Table 3 in conjunction with Figure 9 illustrates that as the gap was decreased by
increasing the length of the shield, the liquid deflection also decreased, thus improving

10  the mass transfer column efficiency.

[0052] While aspects of the present invention have been described in connection with
the preferred embodiments of the various figures, it is to be understood that other similar
embodiments may be used or modifications and additions may be made to the described
embodiment for performing the same function of the present invention without deviating
15  therefrom. The claimed invention, therefore, should not be limited to any single
embodiment, but rather should be construed in breadth and scope in accordance with
the appended claims. For example, the following aspects should also be understood to

be a part of this disclosure:

[0053] Aspect 1. A liquid distributor for distribution of a liquid in a mass transfer

20  column, comprising: at least one riser comprising at least one riser wall, wherein the at
least one riser wall extends from a first surface of the liquid distributor in a first direction
of the mass transfer column; at least one shield, wherein the at least one shield extends
from a second surface of the liquid distributor opposite the first surface and extending in
a second direction of the mass transfer column opposite the first direction; and at least

25  one liquid distribution aperture extending from the first surface of the liquid distributor
through the second surface of the liquid distributor, wherein the at least one shield has a

length extending in the second direction such that a gap is created between the at least
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250ne liquid distribution aperture extending fromthe first surface of the
liquid distributor through the second surface of the liquid distributor,
wher ei n twe 2at2/13¢g8t one shield has a | ength extendi ng iPaTtUse01308@AL
direction such that a gap is created between the at |least WO

2012/ 134470PCT/ US2011/ 030641 one shield and a packi ng, and wherein the

hei ght of the gap between the shield and the packing is about 10 mmto 75
mm [ 0054pndésipeldtand.alfeekinggandiwiiersinrthd bieight afftheAgmelbdtwien tteeshidichandhthenass

transfer | umm i air ration columm. 5[ 0055] Aspect 3.The liquid
di stri but é%klcﬂ)rfg 'iggg@ﬁolmrgrtgig%é%t 2, wherein the packing is structured

hapect 3, LRAPLARRERZ'  rinfody B LS Rl B e le RS BB Locic no

i s about d4@ummig an 80 separafi@O®IJmmspect 5. The |iquid distributor of any one
of Aspects 1 to Aspect 4, wherein 10 the at |east one shield is positioned
such that [a0BE] aAspacaSt oifibe Hdiid Higtributos wflAsHach Mot Aepaat 2owbersinrthapacking

equi di stant_.fr | east one liquid distribution aperture and the at
| east one@r%t@gﬁ?g({%%g@' Aspect 6. The liquid distributor of any one of

Aspects 1 , I - e i i itioned
cuoh that [UREoRSFeud; ORAE S ptribuich 0Fart o io1es 808 138 kSheet i pRGRI
directly Hujhmightof the dgahdetwednghs shieldeanditse pacKir@is @powtsifoom 13 50meml i qui d

di stributor of any one of Aspects 1 to Aspect 6, wherein the at |east one
ri ser ext E§Z] sbbgrcint i allhg liguid distibutos obanyi ere drAspectsddpiAsnedf4, whereimss
transfer I i e j i | i i rection
and T1o < S8H st BudeliQlicoilcieh 0tk REL AR Fo il Behi fomite o

acr oss t heecondisudacs eyudistant framm thef at 2easheneriqiid distibyfiar apgolugmand thetate t hird
di rection p(\g}\%or]seﬁspect 8. The liquid distributor of any one of Aspects 1
to Aspect erein

[0058] Aspect6. The liquid distributor of any one of Aspects 1 to Aspect 4, wherein

Iegg

the at least one shield is positioned such that the at least one shield extends from the

15  second surface directly adjacent to the at least one riser.

[0059] Aspect?7. The liquid distributor of any one of Aspects 1 to Aspect 6, wherein
the at least one riser extends substantially across the entire cross-section of the mass
transfer column in a third direction perpendicular to the first direction and the second
direction, and wherein the at least one shield extends across the entire cross-section of

20 the mass transfer column in the third direction.

[0060] Aspect8. The liquid distributor of any one of Aspects 1 to Aspect 6, wherein
the at least one riser extends substantially across the entire cross-section of the mass
transfer column in a third direction perpendicular to the first direction and the second
direction, and wherein the at least one shield extends substantially across the entire

25 cross-section of the mass transfer column in the third direction.

[0061] Aspect9. A method for the distribution of a liquid in a mass transfer column,

comprising the steps of:
a. introducing the liquid into an upper portion of the mass transfer column;

b. positioning within the mass transfer column as least one mass transfer

30 column section;
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the at | east one riser extends substantially across the entire
cross-section of the mass transfer colum in a third direction

per pendi cwbanitis4470e first direction and the second direcriusaoiias@bsnvher ei n
the at | east one shield extends substantially across the entire
25cross-section of the mass transfer colum in the third direction. [0061]
Aspect 9. A nethod for the distribution of a liquid in a nass transfer

col um, conpri si ngy bma'ticsﬁrfg)withih :the at Ieast one mass tranafer icolumndsectiony atllmeidl iquid
into an upper porti trapster

positioning within ?'ﬁt”% Or t% n%ﬁ%leer co n ar&és qw'%\%tStrgﬁe ﬁas“gu'fjr gnsfer

30col um secti on; V\ﬂb\ﬂﬁ)ﬁ@/fﬂ)&ﬂk@?ﬂ%@ﬁ M%Oﬁﬂﬁ%%ﬂdlstrlbmosmmmmmm within the
at | east one mass transfer colum section a liquid distributor to receive a
downwardly flow ng streast leéstlanguiser eordpieingiptiaastiopefrisenwvally veterearthebt

vapor, 5 1 the liquid distri %létstogn Q%rr a}]@%’ends uRwardIy g{;m éaltflrstesﬁ%ceogfat [l Ser

conprising at | east one riser east one riser vvaII
extends upwardly from a fiquidgtisgibuforce of the liquid distributor; ii. at
| east one shield, wherein the at | east one shield extends froma second
surface of the l|iquid idi stleagiuinershigighodieran theeaf leasitons ishfedt extamds Exhendi ng

downwardly; and 10iii. S i QUi i ti ndi ng
fromthe first surface o% (ltoﬁa éllﬁr%g?é)lfér?ésj!'(ﬁhl glﬁ%{dlﬁ(ﬁr%ﬁﬁ?m& ﬁéﬁgﬁdécgeurface
of the liquid distributosndekiendingndowewvardlyt east one shield has a |l ength

extendi ng downwardly such that a gap is created between the at |east 15
one sHi el d and a packiiingapsist poddiduidedisiibttion bpertire ekitesdingofiomr thenfirsthe

t f I hi el d
and-the packi ng 1 5 about 10 et e e M EtherhrckBF OB AEWARERCE PR ©

flowi ng stream of |i qui dliquiddistripetonpper portion of the mass transfer coI umm
on the first surface of the liquid distributor;
wherein the at least one shield has a length extending

downwardly such that a gap is created between the at least
15 one shield and a packing positioned below the liquid distributor
in the mass transfer column, and wherein the height of the gap

between the shield and the packing is about 10 mm to 75 mm,

d. collecting the downwardly flowing stream of liquid from the upper portion

of the mass transfer column on the first surface of the liquid distributor;

20 e. passing the upwardly flowing stream of vapor from the lower portion of the

mass transfer column through the risers of the liquid distributor; and

f. distributing the downwardly flowing stream of liquid from at least one liquid

distribution aperture in the liquid distributor on to the packing.

25 [0062] Aspect10. The method of Aspect 9, wherein the mass transfer column is an

air separation column.

[0063] Aspect11. The method of Aspect 9 or Aspect 10, wherein the packing is

structured packing.

[0064] Aspect12. The method of any one of Aspects 9 to Aspect 11, wherein the
30 height of the gap between the shield and the packing is about 40 mm to 50 mm.
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20e. passing the upwardly flow ng stream of vapor fromthe | ower portion of
the mass transfer colum through the risers of the liquid distributor; and
f. distriwotoregi3gsdre downwardly fl ow ng stream of |i qui dpPCramse@t/oBesast one
liquid distribution aperture in the liquid distributor on to the packing.
25[ 0062] Aspect 10. The method of Aspect 9, wherein the mass transfer
colum is an air separation colum. [0063] Aspect 11. The nethod of Aspect
9 or Aspef065D, Aspent dBn The npdiudd oftanysorst of ikspacte @ tpakdpienigl2, whereih G641

Aspect 12, Th t. f .any an f ts .9 to £ t 11 rein the
Soner ght 5ot ia e P e Lt s P B e B R ds B S6% o 5o
mm WO 260rPHck ditRO/ ftdBR Ok 14t 0836 4 he [iQ@6 Hjstrisiiec tapddure EHnd thebhledstodneany
one of Aspects 9 to Aspect 12, wherein the at | east one shield is

posi ti oned®Such that the at |east one shield extends fromthe second

surfacge egih-di s o] ) e |iqui J St i ] r e and
tﬁe at§I eﬂisqsgl)n%‘ggécég%i "Ef“ggbeg'ﬁo"]@é‘&oq‘%ff Alsﬁgagret ofpggygin&vmgﬁéé}ﬁéﬁeu ; pects
9 to Aspelstiéhe sthiddas positmnedtsucle dwtt tomet Ishstedngd shielp estehdofrent tbeshcdritat t he
at | east Qﬂr?ac%mir%!:tﬂ/ aegjé.ceeﬂgﬁ)dbégwe%%eon%erggpd surface directly adjacent to

the at | easSt oOne ri’'se e clarned invention, therefore, should

not be 1 figegfl tRe ARGl ABROHERLe Ok ARRERA: HBUNfAENE Slou e

construed™l r eadt scope i’'n cordance with 't he appende

WD 2012/ 18apadiPent de2ashbtD 3084ttt AsivisildL.b& lcongliugd dins braadtit @ndf ssope in
distrijbution of a liqid 6&d§d'€ﬂ%§rﬁ transfer columm, conprising: at
| east one riser conpri S|%g At U655t one riser wal |, wherein the at | east

one riser 5wall extends froma first surface of the liquid distributor in a
first direction of the nass
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transfer col um; at | east one shield, wherein the at | east one shield
extends froma second surface of the |iquid distributor opposite the first
surface awmo2extBsedgong in a second direction of the nmassPCrAgdi@n3@el unm
opposite the first direction; and 10at |east one liquid distribution
aperture extending fromthe first surface of the liquid distributor through
the second surface of the liquid distributor, wherein the at |east one
shield has a length extending in the @&dd8d direction such that a gap is
created between the at |east one shield and a packing, and wherein the

hei ght of the 1gap bétligeehdishibumhifel distdbationhef péglkid rig ai massh ransfdOcatumbo 75
nmm 152'T98mérjis .d distributor of claim1, wherein the mass transfer colum
is an air “Separation colum. 3. The liquid distributor of claim1,

wherein the p ' I S.str . ' . T i Qul .
i<t ributor e STRE A i sSFlaERd R RES! B risar vl e BB A4 foe g
and t e pwekienpnds fraboaftfirstGurface of @ ligwid AeHibTIee in & distdliicarr obibe onassf
claim1l, W@ﬁ&&?%l&rﬂ? at | east one shield is positioned such that the at

| east one shield ext’ends fromthe second surface equidistant fromthe at

I i Ui aui . ) . ¢ .
6 " The T qui d ifeebL T it PR BRAS ol RaBlhel ft BB hofiPeddoifburaes | ¢
posi ti onedf tediquidndistribiiter appdséashe st swifdoel ahdesettenting inrrecdnd dirctiordof
surface d'[ e%%és)’tr%%f’egjcaﬁﬁwop%%si\%:ﬁeqi}st ldﬁgaFonoglr?d riser. 7. The

0 m1, erein

l'iquid distributor clal e at least one riser extends

substgntially : Ir e cr - L OL; ri-Ged umm
Thoa B a af Ao eRtond REICALbEG ARGk A hoh i RS QAR IR IER [0
di r ect i ondishibdtoittepegmtheisecertd Jusfase obthe lighid elistriteterends across the entire
cross-section of the nmass transfer colum in 30the third direction. WO
2012/ 1344WberEr ths20 ers03®eshield has a lengéh extarding wuithe se¢endrdinegtiasy sush thatg m 1,

wher ei n t hg, o L5883 beRRnthe &F 168X §1a%hield and a packing, and wherein the height of
the gap between the shield and the packing is about 10 mm to 75 mm.

15 2. The liquid distributor of claim 1, wherein the mass transfer column is an

air separation column.
3. The liquid distributor of claim 1, wherein the packing is structured packing.

4. The liquid distributor of claim 1, wherein the height of the gap between the

shield and the packing is about 40 mm to 50 mm.

20 5. The liquid distributor of claim 1, wherein the at least one shield is
positioned such that the at least one shield extends from the second surface equidistant

from the at least one liquid distribution aperture and the at least one riser.

6. The liquid distributor of claim 1, wherein the at least one shield is
positioned such that the at least one shield extends from the second surface directly

25 adjacent to the at least one riser.

7. The liquid distributor of claim 1, wherein the at least one riser extends
substantially across the entire cross-section of the mass transfer column in a third
direction perpendicular to the first direction and the second direction, and wherein the at
least one shield extends across the entire cross-section of the mass transfer column in

30  the third direction.
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substantially across the entire cross-section of the mass transfer col umm
inathird direction perpendicular to the first direction and the second

di recti onwoant/megpei n t he at | east one shield extends ®abatsaetioadedy acr oss
the entire cross-section of the mass 5transfer colum in the third

di rection. 9. A nethod for the distribution of a liquid in a nass
transfer colum, conprising the steps of: a. introducing the liquid into an
upper portion 8f th&herdigsidtdigtrisiter ot dbimmm; wheélein fless bt leasi ome wsémhexietdse mass

transfer | . I t, one.na ran fer ol um SE Si i ng
withint hg&a#gﬁ'g@stacgogg t ent' ;C%S% ol f?hesenc o on ng%qr %O"? nﬁr? trtrlmgl:))dnut or
to recei vdirex:tidowemndicylaf tcnmerﬁgstsinreemnm zm‘d theqacamdmmcaon anvi/a{vhﬁlrgn ftheomi ng

st ream of v.apar uid di.stri.butor co t Qne riser
comme i nigoaP She ki s SRl RbrolR TRE | &10BD ordRiseoliin, oF T8, R0 |

ext ends upaesfed goldmmim tae thimdstirestiorf. ace of the liquid distri but or;

ii. at |least one shield, wherein the at | east one shield extends froma
second surface9of tAemettgdi thr dhetdistbbuton ofppolquic it Fee nfass strardis ucdlaoe, and

ext endi ng iii. at least one liquid distribution aperture
extending gﬂﬁﬁwﬁ%ﬂe¥q %Rgsurface of the liquid distributor through the

second surface of the hi@iodlial 14 gl HNGLEH Dl B deIRlesoiEnsly o ¢

has a | ength extendlng whvar suc gap I's created

the at | east one shielalumd a packi ng positioned belowthe liquid
distributor in the mass transfer colum, and wherein the height of the gap
bet weth the shiel d bndpostienipgekthinght snass diansfe colrmnat kEshane mass transferd.

col l ecting the dovmvvarcq)’% é&\%ﬁtg streamof liquid fromthe upper 30portion
of the mass transfer columm on the first surface of the liquid distributor;

VO 2012/134470PCT/ U?g%%{tu?gﬁsg% rﬁrhtrpé‘%?'léb&t the Mé’é’@ﬂ?ﬁs}fer’c LA, roug%e%ﬁ.g#%m of

vapor fromthe | ower portion~ e mass transfer e risers
of the liquid distri bdiaoid,distrigutor to receive a downwardly flowingistneainbeftlianig arise

downwar dly 1 owing stigaihal noWig sheaf dlapsamk ig08 Rt ok Put i on

aperturelnthellqw strl utor“on to packi
15 i. atleast one riser comprising at least one riser wall, wherein the

at least one riser wall extends upwardly from a first surface of

the liquid distributor;

ii. at least one shield, wherein the at least one shield extends
from a second surface of the liquid distributor opposite the first

20 surface and extending downwardly; and

iii. at least one liquid distribution aperture extending from the first
surface of the liquid distributor through the second surface of

the liguid distributor,

wherein the at least one shield has a length extending
25 downwardly such that a gap is created between the at least
one shield and a packing positioned below the liquid distributor
in the mass transfer column, and wherein the height of the gap

between the shield and the packing is about 10 mm to 75 mm,

d. collecting the downwardly flowing stream of liquid from the upper
30 portion of the mass transfer column on the first surface of the liquid

distributor;
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10. The nmethod of claim9, wherein the mass transfer colum is an air
separation col um. 11. The method of claim9, wherein the packing
i s structwoedizpaekong. 1012. The nmet hod of claim9, wherecm/usb@iaieght of
the gap between the shield and the packing is about 40 mmto 50 nmm 13. The
met hod of claim9, wherein the at |east one shield is positioned such that
the at | east one shield extends fromthe second surface equidistant from
the at | east one |i quimghsdingthd lpwwardly flapewtsircamasfdapbrefran tHedlawer paoréon ofser .

cuch that the at | eastroseet del i Bheodie el BONE fuld dBiRlrcoc

adj acent to the at | eastd one riser.

f. distributing the downwardly flowing stream of liquid from at least one

5 liquid distribution aperture in the liquid distributor on to the packing.

10. The method of claim 9, wherein the mass transfer column is an air

separation column.
11. The method of claim 9, wherein the packing is structured packing.

10 12. The method of claim 9, wherein the height of the gap between the shield

and the packing is about 40 mm to 50 mm.

13. The method of claim 9, wherein the at least one shield is positioned such
that the at least one shield extends from the second surface equidistant from the at least

one liquid distribution aperture and the at least one riser.

15 14. The method of claim 9, wherein the at least one shield is positioned such
that the at least one shield extends from the second surface directly adjacent to the at

least one riser.
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