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DEVI CE FOR GAS- LI QUI D CONTACTI NG FI ELD OF THE
| NVENTI ON [ 0001] The field of this invention generally
w0 edoaties8i 0 a device for an apparatus for gaslPCUiUs2009/042461
contacti ng. DESCRI PTION OF THE RELATED ART [0002] In a
gas-liquid contacting apparatus, such as a
fractionation distillation tower, distillation plates
are enployed. Typically, such plates are enployed in a
vari ety of i ndsYIGEREQRI a5 UdQMIDHYAND ALITING,
chem cal, and petrochem cal processing. Plate features
such as contacting area, downconer design, and overall
pl ate structure carFlgLDeOF THESENVYBNTI@Nt transfer
bet ween gases and |liquids in the apparatus. [0003]
Oten, initial operating ranges are changed to neet
[00Q1] o ke Bpldohthiy ﬁlapn%hsgﬁﬁlsgallywa%& a deyaceefop apapparatus for gas-
. b requi renents, the nunber of downcomers on
lum?ﬁghp g?%s can be increased. Alternatively, downconers
can be initially supplied with sonme of the openings
covered by a bMESRWTION OF T$H RELARERDXRAG t he
bl anking strip can increase the capacity of the

wnconer. [0004] However, these sol utions generally
lﬂ‘@f f el ¥ $A5PHE! CUHE SBRATAHE-aYelsas %ﬁ%@nﬁw fistifrsiopapwer.
s APYRSTRL yGL LB SRUSHELE e R bt of s

inclirbgg@hylirncprbdre chérahli, agd pdtrdchemichi grosskingi Rlatedaatuteasich as
flexibility should the rermv:ﬁ! of the strip_uncover
i

contpeEia IRBPEMEES Rt el RIYP drisdus £gR tfEd mase And heat
trandfBr GAQEL %fécsdz{rﬁ Widi9n @ WppiRER, Of the strips from

some of t ownconers may create uneven distribution
[0003] | iQfied ininak dyerajppangies are ddbngouve imees paeinabpaaibonal demands.
tools for strip renoval can require tinme and effort to
To meqt thepe PHK OPFTatRE reqpuamenss: g yRber ob A neRIBctH AR thesplatgs can be
. r N | .
iner L TP RAE SBE EpLNRHRR o Al P EARIRY Wit cop Sy i hings
covdred by mbolteibltiénglavipt Remoting el Mghkidesttipicin hacdisd the capacity of
peration. Thus, it would be desirable to find a nore
the dg%ncemsht and 1 exi bl e nethod for altering plate

[M?paCﬁSMeve\Sﬁ%@XIu%nsT g@%e}awghﬁqu}hm several disadvantages. Changing

the number of downcomers can be time consuming and may risk altering other design
properties of the plate. Regarding the blanking strip, this solution can lack flexibility should
the removal of the strip uncover too many holes and increase liquid passage too much. In
addition, removing only some of the strips from some of the downcomers may create uneven
distribution of liquid in the apparatus. Moreover, specialized tools for strip removal can
require time and effort to adjust the plate capacity. During downtimes when such adjustments
are typically made, generally it is highly desirable to make such alterations in capacity quickly
to minimize the downtime to bring the unit back to operation. Thus, it would be desirable to

find a more efficient and flexible method for altering plate capacity.
SUMMARY OF THE INVENTION

[0005] One exemplary embodiment can be a device for a gas-liquid contacting apparatus.

The gas-liquid contacting apparatus can include a member. The member can include:
-1-
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[ 0005] One exenpl ary enbodi nent can be a device for a

gas-liquid contacting apparatus. The gas-liquid
w@ommvastsBhng apparatus can include a nenber. TheCTERIDEY/042461

can include:a non-breakabl e portion, and a breakabl e

portion adapted for renoval by application of an

ef fective anount of force for creating one or nore

hol es for a passage of a fluid there-through. [0006]

AnothéﬂOE%éwbﬁaﬁyOQKMOdkhent can be an apparatus for

- t t t can n |
Gas. 1 1tk SR et e B SRR BY aBuliabneP i fieale prgount of
forck 16 @@l b ofl nfePOEAES fomg ptatgage of P RudAMRE AL gHTRY
i ncl ude a menber, typically in turn having a

[0006dn- br‘\eatklab¢)e?nglb¢r§/ |emlvodamﬂu earbbeakgiphmtpdot goriqudpinating.
Thfor r enmoval RéFan application of an effective anount
CHPPIBLEER B U eat i ng one or nore hol es. [0007] Yet

anot heb, exanekaic gzl g% ept can be a process for
i ncreaSi ng a capacity of a downconer for a gas-liquid

cont agtlowgcappavaplad to (hh gapliqudssnteyng mol Utle doenwmmargnay
mclwgenao | ?ng akabl o onr]% IB%S%] f ?@gggg?pnb{q%grkgrgal?able portion
ada Q@Rg'r&ﬁg\t/a? b§laf kﬁﬁ%ﬂotﬂ 6F & &f&ﬁg heiSud JF%. éﬁﬁ For¥rdfing one or
I xed nunber ”“of hol es covered e covere es ca
morpheleent t he passage of a f|UId, such as a liquid,
ere: through Mor eover, the one or nore discrete

t
Wﬂﬂﬂig. oM &t HGHhEF Frrgn@awnmﬂdége%?n b2 BESEIsfor BREPERE g Gapacity of a
dowﬁ%ﬂﬁffﬁgggast fl dc8RaG!H ug' P Léés nﬁa.:y'mélﬁfde removing one or

punc e one o |scr te regrons ca
more bweakiblerpogiohofres xtmtbmﬂgabﬁaanmbt@fttmaadmhmmﬂer.q uid
from gne tray to the next. Typically, the one or nore

[0008] 5 ¢  @enersllygihsrrambadimentsdiselases hereis PRl & Bsmbesyith adixed
numgstﬂgegégr 5 A08ed ORLd c%tt@tehrmreg B F&Uem@@:é ayaggtg %u%%&ih as a

herein, the term

liqugleﬂﬂfeadhkwgthemdvbe thendrer c&(hﬁcbre ﬂl%@fetd)ﬂ&gloﬁﬁ cORMr B g §adeloles may be
and one or nore liquids, The term"gas" can _ include a

eaﬂkyarﬁrapvectjwémsytherr@é capesity i Ruignlerbh o denly Rgncbénenu tsyong or more
dtsc}e(eaﬁégtgﬂg Eﬁ} Ife(/QEL brgdré hgfe? Ehta? 91&& ?erfvg ?c} raﬁs?é&%qhnfefr&g Fhe %9 to the
anst er etween € gas an I quli d.

mass~tr
next. Typically, the one or more discrete regions are removed with simple tools such as a

hammer and, optionally, a punch.
DEFINITIONS

[0009] As used herein, the term “gas-liquid” contacting generally means the interaction of
one or more gases and one or more liquids. The term “gas” can include a vapor. Usually, the
gas-liquid contacting occurs on a tray where froth is created to facilitate the heat and mass
transfer between the gas and liquid.

[0010] As used herein, the term “breakable” generally means a portion removable from a
whole by the application of manual force by a human, usually using a manually-powered tool
such as a hammer or mallet. Such a force is typically less than 20,000 newton, less than

10,000 newton, even less than 5,000 newton, or yet even less than 2,000 newton.
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[0010] As used herein, the term "breakabl e" generally

means a portion renovable froma whole by the
wappbiissss on of manual force by a human, usual PET/USINY042461

a manual | y- powered tool such as a hanmer or mall et.

Such a force is typically less than 20,000 newt on,

| ess than 10, 000 newt on, even | ess than 5,000 new on,

or yet even |less than 2,000 newton. - ? -[0011] As
[00Lded Kens¢dhereinethe ¢éarm “noorbrénkebled igtretalyemennalal poreethst is not

a rtion that is not.renmovahle troma whol e by the
remguiile ki bﬁ/i‘?%ﬂé)%ﬁ%ﬂrﬁ%ﬁ%? HS e GpHG Using a manually
powERUBbI icR AV h&H P8 maMGhASARARIRE” iR Ha§be bfoken by using

"non- breakabl e" portion nmay be broken by using’a a
a a mpnhimarepowowemechinaelvhie aguoth asstanppresh or st anp

ess. [0012] As used herein, the term "perineter"” .

005 or A pielisksie he BT dSFIPets Sierydngans f bpaRAashof afrepiect or
regi6RMnl aRbe 8MNnySHihRARRapeNARE as 8 W DIeASy AR sﬁh{%,locglgﬁngi(glrectangle, or

square, di amonid, rectarigie, or irregular.
irregidad herein, the term"fluid" generally includes one
or nmore gases .and/or one or nore liquids optionally in

[005315 0 ()6 et Rsein, e iss@ndluih, geaerglly inchikiss ong ar mges gasesrand/or one
. n 1 I.I II. n o I n e .

or ARSIl 2055 SRRl Skl Rasgp e o

“flujeiiirand ¢S chmaldo gatude[BQRAsoASudhsBa shefediion of Niquidentfor solid

“coupl ed" can nean two itens, directly or indirectly,

parycyisik g 82f-ast ened, associ ated, connected, or forned
[00£4]" CIARLL OGR! fer! LHGPYeafi ML 620 itBhos TBERRDYLE Rldirectty.
ans, by processes I ncluding stanping, nolding  of
joinvd Ifshitengd, Mbadiated; commieered! woOforredrit&gasgljoegabeidiver Byctehtcal or
use of a third component such as a nechanical '
mechaiead freans, @y procgsses inahding sampingametding. or wekding. Whastis more, two

: iy . | |.PT T
e R ERI §nEhe &2t 4ffy B S ol g e o
scregas nhil, quitthl& oAb aivtd; AY adippAEabUssdl@xeal ing a top, plan

view of an exenplary device. [0016] FIG 2 is a
cross-sectionalgﬂglevational view along |line 2-2 of

FIG 1 of an BR r THE WINGS 3 is a

top, plan view of a portion of a section of an
[0018¥ 8P Y iR M ectional view of a gas-liquid contacting apparatus revealing a

top, plan view of an exemplary device.

[0016] FIG. 2 is a cross-sectional, elevational view along line 2-2 of FIG. 1 of an
exemplary downcomer.

[0017] FIG. 3 is a top, plan view of a portion of a section of an exemplary bottom
member of a downcomer.

[0018] FIG. 4 is a top, plan view of another exemplary bottom member.

[0019] FIG. 5 is a top, plan view of yet another exemplary bottom member.

{0020] FIG. 6 is a top, plan view of an exemplary discrete region in an exemplary hole.
[0021] FIG. 7 is a top, plan view of another exemplary discrete region in another
exemplary hole.

[0022] FIG. 8 is a perspective view of an exemplary striking member removing the

exemplary discrete region.
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menber of a downconer. [0018] FIG 4 is a top, plan
vi ew of anot her exenplary bottom nenber. [0019] FIG 5
WO 2000/154385 pl an vi ew of yet another exenpl ary BPOL/USI009/042461

menber. [0020] FIG 6 is a top, plan view of an

exenpl ary discrete region in an exenplary hole. [0021]
FIG 7 is a top, plan view of another exenplary

di screte region in another exenplary hole. [0022] FIG

8 is a perspective DEMMBEDDRESCRIBTIIANY stri ki ng

menber renoving the exenpl ary discrete region. DETAI LED

P | ON i t o FI.GS. and 2, a
(005T,1 B0 T3l A o U gt gt reaptpmngaus 100
is d@iﬁ&b@tl%ica-ﬁ%ﬁhé’ hd- N u18 GSntQ@%fn old B&Haglsqgotlsa&ﬁhag)nal distillation
apparatus 100 i s a Tractional distillation colum 110,

Colunm RGIn FIG.d, alcw&sscémm mheofolurhe 1@ IsutepicttOwvitls the column 110
epi ct e

ol 110 havi a circul
v 3G R GG PR QUi OL Ho P SRS O SO APy embodiment i a
fracﬁ?fﬁdmksﬁ[%l@rmm% the aﬁaafrzfté'scm(p&%lbe%ﬂ%r Li. ﬁgﬁngontactlng

col um 110, the apparatus 100 can be oth e [iquid
appgelsesc Suqhgls ap pbycabarse strippec Thagaahqeb Somtbﬁmg(npparatus 100 can

._.stripper as- Ilqw d contacting apparatus 100 can
md'i“ﬁﬁ: d%”b‘?{SIABY‘g %ok devi ces 120. [0024] The device 120
[0023"N 'T‘HJ[

k .
and a plura y S 1 d%mco%r“cﬁ%% %&Qactnﬁg)!r&g %r g%;ft 124%fd a plurality

of ddepcawnhars 126. tAlﬁi’wgh dotbdepimetk itsshoold bfehmﬂel’sdﬂ)ed gas tHel giiliduid

contacti 124 can forma pluralijt
contgelinedFay \nZ% %P ehwﬂrlvy e? P%ftﬂrateonsawawa Fmrr gnd optionally

eSS 5 O QSE LU RSP BERTONE. Py o
fac1laag: ¢. ghhaztt aaddlama&mstferramswm thetwead lighil. §as pandity of
qui d. %he plurality of downconers 126 can be any

d0W§Ffa13%rS TR0 b i haps EHpIgRY CaBBANERROd REN By AeUpRaRSTS 126
are %g’g" saMor v'eE N&e MPaﬁ@QXP&%J ﬁﬁﬂl fﬁ%%ah‘bg aps CSPe‘H'”{?‘i 9{“6‘1%%

can be asso I at W er equi prent
equibmfeﬁtl eschan daffieqund liduikielitel gy sotst @he fﬂln&ilw uihaiwﬁcxbmefs 126 can
ownconers 126 can include a domnconer 130, which can

mChES’é dp¥cemist hi0. vehigt canrhe rapsaaGHe of thealovmcpmpss 126 in this
odi nent. [0025] The downconer 130 can
exer ST AR

st and second spaced apart side walls 132
[0028hd The downcomer 130 can include first and second spaced apart side walls 132 and

134 extending the length of the downcomer 130 coupled at respective ends with a first end
wall 136 and a second end wall 138. A member 140, such as a bottom member or plate 140,
can be coupled to the first and second side walls 132 and 134 and the first and second end
walls 136 and 138. The bottom plate 140 can have alternating first and second sections along
the length of the downcomer 130 with the first section 156 forming one or more holes 152
permitting the passage of liquid there-through, and the second section (not depicted) being
substantially impregnable to liquid penetration.

[0026] Often, the fractional distillation column 110 includes several devices 120 stacked
vertically in the column 110. The plurality of downcomers 126 of each device 120 is
generally placed horizontally in the column 110. As viewed from above, the downcomers 126
of each device 120 may be skewed, typically 90°, from the downcomers 126 of the device 120

above and/or below in the column 110. Alternatively, the downcomers 126 at each level may
-4 -
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134 extending the length of the downconer 130 coupl ed
at respective ends with a first end wall 136 and a
waeaonsisend wal | 138. A nenber 140, such as a POIL/USI009/042461
menber or plate 140, can be coupled to the first and
second side walls 132 and 134 and the first and second
end walls 136 and 138. The bottom plate 140 can have
alternating first and second sections along the | ength
be ab'gnttm‘eithj owneomere A3 daivnhomers 126 asdiffsent legals 1B6&mplary devices

120 5 e e O WP BT T e g aeRe g R S

5,38980¢ch €9) sbﬁlmzsn@%@%owoh3748&9&?%&'@&)@7/69261@@u:ud
penetrati'on.” [0026] Often, the fractional distillation

[00270] unReftirhhg tndIGdes meter af the éivit cesiobA56 S dekedom plate 140 is
The pluralit

dep gL WBdgomaaen 9eseincls o rsongtgﬁaéﬁaéef)x{?n&nabﬁ@oand a
brea?%{»_:‘lb é@ﬁfoﬂl 1lg¥. THe ﬁ&?b&%&%@pﬁé& léﬁcéﬁ' 19&38’6 %W@Hﬁ@@? c}?nmg one or

ownconers 126 of each vice 12 e skewe
mort Wiples 452 mcﬁ@l,mg‘ a first héle ldﬁvhalcmneksnﬁlﬁﬁ/ mlﬁbddhaerdeeﬂch @f the one or

mor%ﬁ?'@?? 0841%{%“{5‘6%?@%&%?23 t%gl Liaw&éew may, b formpdelhe
breag%lt%lg E@ﬁiloﬁ” 180 ¢ ﬁmﬂ@x 'Sk %r %P@&s&%ﬁ}&@gﬁsf gz%tZ%ﬁﬁu@itng a first discrete

rent leve enpl ary devi ces east
regiaf 18hhoinga geritegect 8chndrseatrad kpd phiralan gérﬁbm £60.d1 8ome preferred
di scl osed in US 5, 382, 390; 6,131, 891; 232,1 15 B2,
embodigrentsy Sieams opmore dgcresoegiond bikmanpe rqf@@wp of KRogkrt piece

I ction 156 of the
of p%g?st oaf;%dpslﬁtz;i}tl g@%ﬁ&%%ﬁ&%ﬁ%@gg ly, the bottom
[0028] at eTHAfbt@aNplarcl40dan be nonuficerddibe apestitdie ha@rialndypically

a breakabl e portion 180, The non-breakable portion 150
depending; gicthe, Bedracaghen noogess wevPRgtione Eé?mﬁ’é‘ﬂémﬁ rigks cam mclude carbon

steel' %ingéi %lan{ahﬁﬁﬁ OP%' Irilléé stelepal n@ h%é dgréaﬁn ONEL by

IncoaAltdyk Gtk matiSirdac. lﬁ&{un@hgﬂmu%sta‘mh‘glﬁﬁaﬂfﬁe Bayorh @late 140 can be
formed. The breakabl e portion 180 can include one or
manpigereg with anesuiighicgnach gostanp piegs- Mgricularkys ¢ magesisf bavang a

thlcl{rﬁgural I%zg :&:'ﬁ;( bOgu rgc&g&wuﬁ%ta% ﬁ%fneﬁg%flg@%?{%%?g%&e? an 50% -

less tﬂﬁﬁ 100%. Dhe BBpRcENELLEL Mat@ Bl paRrdlB2nemy tke aftef he hﬁdsrlal is
to as "a knock outaﬁlece or pleces", and such

punched. i prstiogt thayassial ssarns hed eflow its dpttom@des Fora shas metsnmaterial
0. 34% ?cklﬁ' gO%%s;ggﬁeg%ﬁng&t g4 %‘ijt 1}c1r0 n}I ﬁf %r oca%ltr%dmg below the

depen |ng on

bompﬁ eg@sstl tﬂ@s}ﬁa@ﬂﬂbﬁal cm@feraase el cas"pyadaﬁfemr ik ab%, €Al dw e Uhtfual
carbon steel, stainless steel, titanium or a
remayebpiihe discrsteasgions besuisientlyrsisdy thleold thedegianeinybne@lduring

hydrgé/arbon operations. However, the desired displacement can vary depending on the type
and thickness of material. Typically, the punching action creates one or more tabs that secure
the discrete regions within respective holes.

[0029] Referring to FIGS. 3 and 6, the web 154 can form the first hole 158 generally
having the circular shape 168. Inside the hole 158, the first discrete region 184 can include the
perimeter 186, which in this exemplary embodiment is circular, although any shape may be
used that corresponds with the shape of the hole 158. The perimeter 186 of the first discrete

region 184 may form one or more score lines, preferably a plurality of score lines 188, with

-5-
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Inco Alloys International, Inc. of Huntington, West
Virginia. The bottom plate 140 can be nmanuf actured
wWowaob/154895 sui t abl e punch or stanp press. Part i BCi/a81009/042461
a material having a thickness of 0.34 cmcan be
punched wth a displacenent ranging fromgreater than
50% - less than 100% The displacenent of a materi al
generally neans that after the material is punched, a
the ]eygb il Haf bf nphdrenkede paitiong 5@u@h@dalbe thevperinetdsdB6 @ml the web 154

can 1853 G0 heefe POE H 2Lt ot Y 1 SR Ry or 869500, namely
a fiBf @b hogl hﬁ‘\gné’ﬁ k@éﬂtiﬂ@n@ﬁtah@ H‘s@c‘%@i@ i ZGSr}ﬁivﬁﬁleaestec&ﬁi @b - length can

Preferably, the displacenent is 75% to allow the
securg ttweﬂrstrCEMMa fregnén t $ewdhimchepaimagi es Iibthis preferred embodiment,

the a{% {1 | 9‘64%8 it urdy, 36%)8‘?’ n qrglﬁé ?oet'qrg\exgi@glgrss}{ag%géggg %pgdl 58 and the

regiGh $94 IELERM ?, the thb¥ QOX i@ 9@8"94:1‘191\/9@ lé ¥R tl@'@rcunﬂerenee of the
thi ckness of material. Typically, punc I ng action

;mnnm&mﬂ&@fbmmmﬁmthokmgﬁahﬂobﬁamtewbwbéﬁghandhspmﬁhﬂer

ons spectiv les, [0029] Referrin 0
circyitgss 152%9 ok ri%&a%&éﬁ O drnd EHe Hopestr fiohenld &g

I nsi de the
Lmd&§p§H?E%Xn@ﬁ%h F@@%é??%ﬁﬂygaﬁzguon 1g§ can incl ude
[0030e pReferritean P1867 airddm dfaniotiies exeoepimlydiryt raerhbeti 240rtn have
i s circul al t hough any shape may be used t hat

anotlg YeEH PRy ﬂ@%nwrtmorf: fheles r%é%eT mcaélﬁethﬁ ghgormgre heles 252 can be a first

holonﬁi@'}ﬁ@{n ran]o%(él S(Pltd d 58%. Trh Fl(?(}ltlgl{ dhé 8# ﬁlof %&gte%?%oﬁﬁa%’il particularly

formon more score [l nes prefera
a firafdiscae eegm)mw t@Bhavelaholvhieshapd? 8bekcared tdrehe first member 240 by a

non-greakable portion 150. Generally, the perineter
pluralgy of s YH@ web 154 can forma first score line 192

B R R e T ——
440 andicpicseic Thesetotier 208ntay 4ol SIecRpidt blﬁh)nhEmﬁehlsC(ﬁfbottom plate

secure the first discrete region 184 wthin the
mengers pging-holgeoveisd bpioge gr Pk disdetgiegensmBaticulpHy, injthasexemplary

merr?nﬁg 342(? oﬁq%h& ?%04)1?%%51 aﬁt ﬁ%ﬁkﬁe\gﬁ%%%ﬁ%%& @%n%%?lcgn BL covered

by oh#ier ﬁlabﬁdlgdﬂéle apdoR0 B thamenebee 440, luenigdles aldaRgdisBRte regions can be
circunference of the perineter 186. Typically, the
intenqmipgled %%tASd:a@wtyﬁtentaaﬂ arcreases, thesgtiscrets regienpean hegemoved as
deSI%drcum‘erence is 0.03: 1 - 0.4: 1, and preferably
.05: 1 - 0.2: 1. However, it should be under st ood

[0032hat &nYxdmpTRg mEditdéfion!te a@tdoueh plae s 408y ddpRetets RAFIG. 8.
[0030] Referring to FIG 7, a portion of another
Partiglartip) the giseietostegion r!ﬁé s deyictedin F&Y @ inrroadved widrasitghingfmember

520,ﬁ8&%s %gﬂ%kﬁﬁlgg op 1&1&1%' Fnac!'on liIlC 1(r)]ne wih% p%lchmg member 530,
such as a punch, chisel, or screwdriver. In FIG. 8, a hammer 520 and a punch 530 are
depicted. The bottom plate 140 can include the one or more discrete regions 182 attached
with the plurality of tabs 200. Thus, the bottom plate 140 can easily be altered to increase
liquid flow through the downcomer 130 by removing the at least one discrete region or the
knock-out piece 184 revealing the hole 158 with the hammer 520 and the punch 530.
[0033] As an example, referring to FIGS. 6 and 8, the bottom plate 140 can have a

thickness of 0.267 cm and include a carbon steel having a tensile strength of 400 megaN/m?.

-6-
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hol e 258 havi ng an oval shape 268. In addition, one or

nore discrete regions 282, particularly a first
wale@enesses r egi on 284, can have an oval shape 2B8I/US2009/042461

secured to the first nenber 240 by a plurality of tabs

290. [0031] Referring to FIGS. 4 and 5, at least a

portion of other exenplary nenbers 340 and 440 are

depi cted. These other menbers 340 and 440 depi ct
The tghrsi20hahd gas car hﬂye@fcombmemimr@ﬂ dt@&ﬁembeensl daalv Farghaveladength of

d Par t I
055 TR R B 3 SR o B e B o 15
can B&3 B0 AV @ 8El fivd uts%re@@regi&nelrw@aigﬁlace”zﬁis% afe b&c&@vl%ﬁa%de the
by one or nore discrete regions. In the menber 440,

regl@lh&‘h@inés 1a$ﬁﬂ)PtJhe di screte regions can be intermngled

10035 offE BEREHu Pistiovad cas UG St o IS PO BRbiprbyremoved
durnggféj"cfrb&ﬂﬁdrpﬁoé&sﬁl? SpLalibA &l e%§1 LS be ﬁf&hﬁ&lqgrch o speed

. Particularly, the |screte regl on
alterdemisctuedg idowkliBes, 3utls ay mameadnes dvertaubit thleffgglﬂmmen help bring a

. 520, such as a, hamrer mal l et, optionally, in
unit géﬁ% QRPETAHARN GRd H“%E“B%ﬁw@‘rwfﬁﬁn?renber 530, such as a
nch [ r
10088 e Py Rk SR8 BREE UL b aciledtn BTG 28 T bottom
platd asf@d dmbencoher,anshoald nureleditdrtritaucie n@bksout izcad hag bedsed in

with the plurality of tabs 200. Thus, the bottom pl ate
Othe&ﬂt}‘déﬁ‘ﬁ“’é%ssflﬂyaso%g Whaioadrayerides dbus the Bfc-que Bifgoes may used to

o AR NOCHE, I B TPADD P Sl

partictilerlhelherclibB d%lﬁhi tohecrbaseniey (16X Of aflaid, desipbhchlipda, passing
[ 0033 As an exanple, referring to FIGS. 6 and 8, the
ﬂ““%ﬁﬁ% idNagies- 140 can have a thickness of 0.267 cm and
i nclude a carbon steel having a tensile strength of
400 nmegaN m . The tabs 20 EQ§ can have a conbi ned
area of 0.084 cmand each can have a |ength of 0.32
cm If the first discrete region 184 is displaced 50%
[0036he flredellowingenameplet hee inegilahtolBdhadHudteatetht ﬂ&c]‘dsed f

e first di er on 84 i s displaced 75%
embp ity esEBRRSEE o Qb GHOBmERAATEI g ydgims o the
partidt}&r (h’é?ﬁfsl%f%e @kﬁjt ﬁss ]I%seaéx%ng)?é\s%aﬁ fe %gieﬁ'o‘ﬁ' e%gﬁlleé(rlﬁgocalculatlons

not be 1 nadverten renoved during rocarb

and gt epantiog eyperietdeonish siyelar pasedsys. r em)ved by manual
force to speed alterations during downtines, such as

mai nt enance over ha&O?VIPAE SSOIStEf)&A ?)E%y can heI p bring

a

[0037] Two 0.19 cm thick plates with each plate forming 60 holes and each hole having a
diameter of 1.9 cm are placed in a downcomer. A V-shaped momentum damping plate is also
placed in the downcomer. A liquid is placed in the downcomer at heights of 5 ¢m, 15 cm, and

25 cm. At each of these heights, the liquid passes through the downcomer.
EXAMPLE 1:

[0038] Two 0.19 cm thickness plates with holes occupied by discrete regions are placed
inside a downcomer. No momentum damping plate is inserted in the downcomer. The liquid
is provided at varying heights of 5 cm, 15 cm, and 25 cm in the downcomer. The total liquid
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unit back to operation and m nimze downtine. [0035]

Al t hough the knock-out pieces have been described in
w@ommpamsBi on with a bottom plate of a downconmePCT/UB2009/042461
shoul d be understood that such knock-out pieces may be

used in other fluid barriers, such as a distillation

tray or deck. Thus, the knock-out pieces nay used to

easily permt increasing the capacity of equipment in
flovothineughtifel roegly is oncaoped ad fitarmdaciggtht liquidan Ithe tdeshend tiquid leakage
. desired to i ease the flowof a fluid, desirably a
i s gt o i RRE AR of BEPPhBarrier. Exanpies

[0036] The followi ng exanples are intended to further

illustrate the discl osedpxgg; pents. These
illustrations of the enbodi nents are not neant to
limt the clains to the particular details of these

(003 anplwe 0. Ithess éhiek plapsis e theeash plitdipsmingdi) ke andentinpole having a

. calc ions and actual operating experience with
dian§lis ot 1R ARt R AR R AL R TS e b gy knock-ou
piecds & pdfiebaCdepRhi@t MFTON 1ha 8asihpBl alothehQITHREPHY PRé RSilso placed
and each hol e having a dianmeter of 1.9 cmare placed

in therdoavngoman dnkquid & Magidap e drovenmemidwigitne pémt B ¢, and 25 cm.
e SRR o R AP B okl Bl B! BE5islggnoctou

piecg@ch of these heights, the |iquid passes through the
downconer. EXAMPLE 1 : [0038] Two 0.19 cmthickness
pl ates with holes occupied by discrete regions are
pl aced inside a downcomeEXA¥PRBAent um danpi ng pl ate
is inserted in the downconer. The liquid is provided

v i i gh of 5. 15 and mint :
004, e i D% e Gl Ryt BBl Ol syt having o
dianf@e@sofrerem Afd iicddlinaidagnthiBed dxdeptdoine holee atd @édpicd BY knock-out

_ liquid | eakage i s seen passing through the plate at
piecaiip ?oﬂattteﬁbasngepgmdsm K aps holdjrgoBepneroromoreiigiogkrout pieces are
R A G A i e T

dowHENMGOREIquEKR §iiices A RIOlvBSorBéent BEGHRIOES Y, 1KNAE Kkn@YS cm. At
pieces in a pattern as depicted in FIG 4. A V-shaped

cachrhgagdmi therl idaidpiasrgs Piraugh the undesupigt Aelss, but not through the knock-out

pieces.

EXAMPLE 4:

[0041] Four carbon steel plates having one or more discrete regions occupying all the
holes of a downcomer are left outside for a period of time. Particularly, two of the bottom
plates are left outside for three months and two are left out for six months. In either instance,
the holes covered by one or more discrete regions maintain their integrity and are removable
with a hammer.

[0042] Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The preceding
preferred specific embodiments are, therefore, to be construed as merely illustrative, and not

limitative of the remainder of the disclosure in any way whatsoever.
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in the downconer. Aliquid is placed in the downconer

at heights of 5 cm 15 cm and 25 cm At each height,
wo b@ol1s4385 d passes through the unoccupi ed hol eBCT/D81009/042461

not through the knock-out pieces. EXAMPLE 3: [0040]

Two 0.27 cmthick plates with each plate form ng 60

hol es and each hole having a dianmeter of 1.9 cmare

pl aced in a downconer except sone holes are occupi ed
[0043) knboke dnatfoq@'g@‘ogsle&mipaomantskihledm theprictedadily &tdRain the

5.. bs hal di ng the one or ck-out. pieces, are
el Do BRI S PGt b O P g e i pirft and scope
mermtmedﬁa%wama & fnd HodhifRAs bﬁthteh&vé#ﬁm RORE itA various

liquidis placed in the downconer at helghts o cm

usagk$ apdrporgimébr5 cm At each height, the Iiquid passes

t hrough the unoccupi ed hol es, but not through the

knock-out pieces. EXAMPLE 4: [0041] Four carbon stee

pl ates having one or nore discrete regi ons occupying

all the holes of a downconer are left outside for a

period of time. Particularly, two of the bottom pl ates

are left outside for three nonths and two are |eft out

for six nonths. In either instance, the holes covered

by one or nore discrete regions maintain their

integrity and are renovable with a hamrer. [0042]

Wthout further elaboration, it is believed that one

skilled in the art can, using the preceding

description, utilize the present invention to its

full est extent. The preceding preferred specific

enbodi ments are, therefore, to be construed as nerely

illustrative, and not limtative of the remainder of

the disclosure in any way what soever.[0043] Fromthe

foregoi ng description, one skilled in the art can

easily ascertain the essential characteristics of this

i nvention and, w thout departing fromthe spirit and

scope thereof, can nmake various changes and

nodi fi cations of the invention to adapt it to various

usages and conditions. CLAIMS: 1. A device 120 for a

gas-liquid contacting apparatus 100, conprising: a

menber 140 conpri si ng:



10

15

20

25

a non-breakabl e portion 150; and a breakabl e portion

180 adapted for renoval by an application of an
w@tdoeasisse anount of force for creating one orPODUE2009/042461

hol es 152 for a passage of a fluid there-through. 2.

The device 120 according to claim1l, wherein the

non- br eakabl e portion 150 forns one or nore holes 152.

3. The device 120 according to claim1 or 2, wherein
CLAIMS:br eakabl e portion 180 conprises one or nore

di screte regions 182. 4. The device 120 according to

clgiml, 2 3, wherein the .non-breakabl e portion
150" chiicsddd g Lt g A FOb Lo PRESBRe o
nor e Dglebed Rib @i one or nore discrete regions
182. 5. The device 120 according to claim3 or 4,

wher ei n agmotbrefkablegoomm BY0; st e di screte regi ons 182

has a perineter 186 fqrmn e or re score line .
188 wi t R Ve g ABRem DR Het {orghmese) bygn spRlcayeniolan effective
amobRQofa6RLTEH Heatin® dnkdk Mose hdles P52 R a%%;a & B 4 N8idQAGe Wirough.

nore di screte regions 182 conprises a rst discrete

r edi ohhel@idedr2fiangordingltachlimtly wherescthe @ohibnegalll8 ostionH 50

t he non-brqua %g portion 150 and conprising a
formg, Qe £ e Beley 200 coupl ed to the nonbreakabl e

pont i LGB C [ ' :
o o7 e 20 AR RRNO S AT 2 AL R R Bofon 150
comarisasvde bhmopedisereteaegitB8618%. the first discrete region

184. 8. The device 120 according to claim®6 or 7, .
whdr ¢ .dc?vrcgtlﬁ sGfordingat &l Ao %ﬁgvﬁeﬁw the gap1bigakable portion
N IO C N R O PR
130 LGB 1 Carpuulls fotydr (RSEAHE ER 135 AL 2 or more
discamdregmoh 183. t he one or nore discrete regions 182 has a

circyl.ar shape 168 or an oval shape 288. 10. The
devi cliedsyicadeBgragne o ahim gror fh¥hegeicragh Ry theloge o more

discx‘é’t]:er!égi:oﬁs ﬁgfhzggﬁ‘?irm&étol 8%95951'1@ Sfie 6AMBASBESEles 188 with the non-

st al ess st or titanium
breakable portion 150.

6. The device 120 according to claim 3, 4, or 5, wherein the one or more discrete
regions 182 comprises a first discrete region 184 forming a plurality of score lines 188 with
the non-breakable portion 150 and comprising a plurality of tabs 200 coupled to the non-

breakable portion 150.

7. The device 120 according to claim 6, wherein the score lines 188 and tabs 200
alternate around the perimeter 186 of the first discrete region 184.

8. The device 120 according to claim 6 or 7, wherein a ratio of a total tab length to a
perimeter length is 0.03:1 — 0.4:1.

9. The device 120 according to claim 4, wherein each of the one or more holes 152
and each of the one or more discrete regions 182 has a circular shape 168 or an oval shape

288.

10. The device 120 according to any of the preceding claims, wherein the member 140

comprises carbon steel, stainless steel, or titanium.
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