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than that flow 35 which is required to maintain the solution in the tray.
This may. be nore easily understood by 35 referring to the Chem cal -

Engi neers' Handbook, Perry et al, 4th Edition, MGawH |1,




1963, Section 18, pages 18-3 to 18-24, inclusive. At page 18-5 it is noted
t hat weeping takes place when the' vapor flowis at a rate insufficient to
maintain the liquid on the tray. Note al so page 18-14 where Perry points
out that "dunping” in bubble-cap trays is analogous to 40 "weeping” In
sieve trays. The objective here is to provide a tray in which the rat%-;of ,

f.il ow 'of . 40 the vapor is just sufficient to maintain the liquid on t
tray, i.e., just above the weeping point In other words, the tray is
to operate as inefficiently as posshbf hi ch nmust be consrdered r.a
unconveltional to say rhn Teast Fven ?munh the tray is operat PI‘LJS_D this

e

manker, the tra s such tha the ont act ffr cr enc or_area between
theg,asanﬂ‘f?"@é iﬁt “,"é %rqurd hol d
up tEge Onalﬁdﬁelain Holﬁtton reflrr tbw‘l cHﬂtiIthbsE tlﬁﬂa Bleatt time

between t hegi cemole bf atkancl hasémhnsﬁmﬂucecbqnmsm'gcbamajlm@gmura close to
I?E}’Fﬁ
ele

t he "we&pin t“'e“h%ﬁ%“t \g %‘éé ?Lﬁ B,fess}!ttet?%h"ﬁt%f’mm i tSshoul d
b ted t d/
be, 1ot ed, e S o U U b et Dp AR 7

gas and theThefqeﬂghsSﬂnch hetmd souplsl amutlmlﬂoaiasnym inishilfide dbs@bextiy passilg

n
adyant 3@e ‘éPf thFﬁ@8¢ Ny ¢Fite ﬂtﬂ’ t9| asd pases in tass [ﬂ\%ﬂ eilaputle mq?ie
sol ution ﬁ % ﬁ‘ﬁ‘%ﬂgﬁ e %\X;Ebga UE3SC- 80P Dnt act ti e
i s-only onemagdseimtgxh 3 Idﬂﬂidyt&t@hﬁ@td ve H2S
renoval _prsifidsdn ti extabctutrl paﬂetor abrotm 0 rtsiof caldmnem::ﬁ ﬁeapazepf rat e of

absor pt? onh FogE ’S‘lffdéi ng 3@9?“ “Fﬁéd abr df Cop
to displ of led S sotUtioh 7 e 0 H2S ab
b p;fta A

Thus, ecsme&softah!d g@ﬂtelp Uﬁfmrue,tmfbn aaemﬂegets lzﬁad' ng

s m n est éq)d lq} (r% f"lﬁp sg%! 1onex1t< oadi ng,
are such &g or Bel @ﬁﬂrbo ta mr’ gsbeerm-s £ aiitlet Qas phase
transf er nshletri kaa mfrabcsm 30° oﬁWt43|° LIk fiohsohiioh tha: eereds a

repr od qr §tages £ §$
exarrpl W% w'l 2 j aﬁéée an eas COZ
Neonstart Frhbh!

absorptro smgsomtree e ol @@&Eﬁﬁéxﬁihtﬁ&t
Wi th a hi gilutipn dnedo awelrmamﬁtmn wuehgakes pl meacms;aaUQaepanacmscafe [er r]

cafondh oeél“fém,%%gw SR '@%ﬁﬁﬁd’éﬁ%@{éﬁt ey 2

nol es of ciareioreachsaage i mmﬁan ge st Eorthiforl3tagy 1) € Jeaciséckssi®e inleStemperatureliy oduced at
line 9 i ntgns@lhr dromiabpet|36\sopbaut #35C: Inapm.the pr¢ssureis about t!toysame@ﬁ eatlistagdy awi ng) ,

t t h st t about th t ture; th t
the inket §8leansot "’r"ei“ © Stag® s visthin the ran e:eat'?gn%";%fae“ﬁ thec oﬁu& e“‘ﬁ?;&ﬁ?%g ER
AR S AR AR AP n’fs iaibges of ab

5 tenper atgdy e@
30[err] C twi dmucoeﬁvestra eaheiiagmmdeoft créd hestage 1 to

count er cur Chts wfor ﬁge Within b 8eéetto as | ean
Cor bt g °?Z§ a&a@z&rﬁr&?ﬁﬁ%ﬁ@ LR e oL s ol

of al kanol gsasikey exitd algsfragebot;tm°ctdaysuf143t¢1msrgh li ne
11.- 5 Tlhebe grfs rxb howe@r, 8 n.tcl ds;drwhmrfée rs ef the m inegp herr c
pressur e tP gﬁﬂf@ :aabsiﬂr%m @&n lﬁd cgeE} g&i‘g‘ﬁ Aabout 25
psia tas abtaeltméc Systom. sfﬁ a&zﬁ s@dieeper at ur e
whi ch i s norcoaling pf 1ha fd:ehgasrmd nsrflutmln cli:sttage abbertoleta{adarﬂr C. The

feed gas, spli aﬂﬁéﬂeﬁS@ff ?gyg%e e absor bed
1 pass: ndh e::tﬁ@%nﬁﬁd T LU L o G, 71

stage % T dofrespo terrperatureo |s norsmllyrn
t e range oﬂ'hadzmnbinee ilnhat!mmcnzlﬁ &y whidh. nchtsolu&omfﬂﬁxeetchh@‘enst here is

very littl ﬁ%ﬁ"érhe {a“F 5 m‘?#g @E%%g herplife gas
exiting tbg% era'fll‘]’l ne;:q FOHe & oxi de to
hydr ogéh sulAs naeted, e lihébethé Be’agecchn‘ngﬁlaﬁdmxe ﬂtﬁpﬁbaﬁx"e Soﬂvaxtiaba ditd x%&oﬁﬂfnt s5®f

car bon di d part of 15 drogen sulfid and is %ﬂnerally sat ur at ed

if the 'n'&}tgit %%J%% rait ﬁsm ef%s{su d/or %'g tWon absor bs

aci d gas imirét H&ﬁn genb tek Stedrf? i kdﬁﬂ!on an lféhe rich
sol ut i 60 | ascamplishe msszﬁgléaemtumml(m,rbommsahsmr bmﬂom d gegclingifitid a6kl wat er

pi cked up SF’FRB ectgp of trlmet:ﬁhge t| on
oadi ng" . SRR ‘a‘e'? PR Py bl R R g i es o
al kanol anithewater. mb;ewr ed Qb tHel stripperl 45, reflut, thB Prefférfedtmdde E,:@ cach 20
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25 lines 12 and 14, respectively. It will be noted that the feed gas
outlet tenperature and the rich 25 solution outlet tenperature are about
the same, and that these tenperatures remain about constant from stage to
-stage. Wiile there are slight appreciations in the tenperature of the
solution due to the exotherm c reaction, which takes place in each stage,
t hese var{agNons are not neani ngful and are accounted for by the use of the
.} 300 The absorption process is repeated ine ach of stages 2
6cess gas if any, with thelsﬁﬁuaenalnrng acrd gas passing5
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5 the stri pper a “é{g" egwstée 139 Hﬁ i t:he range of
about 100C to aboOT ex ﬂ’osf&hafbddgt& ﬂ:ﬁmﬁg&% Ho xdeht OdrogeRdilfide

sol uti on | oadi ngéndi vgat&rhzeparatlh@feed gan0is eaturafed api dontains tlaﬂyllm mipuntles The
al kanol ami ne 65 n” Hifeeep BAMEALNTNIFE HPIQFSS 8a% fhich, i '%PBE‘B’F’ peragion, il he aB"xI“’e Ps 65
preferably nil to about. 0.05, and is nornmally 10 about 0. 02.

10 The lean solution then passes fromthe stripping zone through a conmon ,
| i ne whi ch proceeds through a heat exchanger and then branches off to I|nes :
11, 13, and 15, which,




respectively, supply stages 1, 2, and 3 of the absorption zone with | ean
solution. The heat exchanger [err] known as a | ean-rich heat exchanger
because the rich solution passing through it 15 is heated up prior to its
entry into the stripper and the lean solutionis cooled prior toits entry
15 into the stages of the absorber. 1t is reconmended that the rich
solution be filtered after it | eaves an absorber stage and that-circfl 3 |ng
punps and/ or turbines be used at points along the various lines to Hg ain
t he desr./red circulation rate. g}»éﬁ;‘?’?’ nmer ci al operations there_,ar/e

| ossesin the system due to. anine ment and - 20 vapor 'L7atinn wat er
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35 It shou e un ers 3dtr?$ults af"‘?"laelsoraesasftlf(z)ra }no'lr‘tabgfh?hce‘ ff’;’tlrlot‘)”rﬁesal d nol ar
ratios of 6 or |ess mhrch is an objective and advantage of the presently
descri bed process, is not necessarily achieved or approached in each stage,
but is a conbined ratio achieved by the absorption zone since the rich
solution fromall stages is conbined, as noted, and treated in toto in the
stripper. This is 40 inportant because when the process deals in | ow ppm
hydrogen sul fide areas, excellent 40 results are achi eved when conpared
with other processes even though nolar ratios may reach even 10 for a
particul ar -stage. The "conbined nolar ratio" is defined as the nolar ratio
of carbon di oxide to hydrogen sulfide iin the stripper overhead at the end
of a conplete cycle, i.e., when all the steps of the 45 process have been
carried out and all of -the conditions are net in all stages, and the rich
45 solution fromeach stage is being fed to the stripper. It is not an
‘average ratio for each stage. The present invention will now be further
described by means of the follow ng exanples: EXAMPLES | TO 4 The exanpl es
are conducted according to the flow sheet in the dramrng and the preferred
50 ste and conditions in the specification.

50 Each absorber stage is a sieve tray contactor with sieve trays w thout
weirs having a tray spacing of 0.15 neter. .The absorber dianeter is 3.6

inches. The still or stripping zone i.s a packed tower, whi.ch is the
equi valent of a 17 tray tower. External to the base of the still is one

- reboiler and external to the top of . the still are a 55 condenser, water
separator, and punp. ' 55 There is a

fiMter and |.ean-rich heat exchanger in the rlch solutlon comon |ine. There
. is_ a punp and the sane |ean-rich heat exchanger in the | ean sol ution conmon
| ime.' The al kanol am ne used as the absorbent is nethyldi et hanol am ne
(MEDEA). The nolality of the | ean solution of MDEA entering each stage of
the absorber is 8.4 60 corresponding to an initial MEA solution which is
about fifty percent by weight MDEA and 60 fifty percent by weight water.
The apparatus is nade_of stainless steel (AISI types 304 and 316). 'In
exanples 1 to 3, the: feed gas is a mxture of .nitrogen, carbon dioxide,
hydrogen sul fide and water vapor. The feed gas is saturated and contains
.essentially no inpurities. The 65 nitrogen is used to sinulate a process
gas, which, in comrercial operation, will be a m xture of 65 7

1,561, 492 . : 7



one or nore hydrocarbons and/ or other gases such as; for exanple, a m xture
of CH4, CO and H2, which are inert under the process conditions. In
exanples 1 to 3, the concentration of carbon dioxide in the feed gas is 15
per cemt—by—votume;based on the total volunme of feed gas exclusive of wat er
vapor ane~inmpurities. The nolar ratio of CO2 to HZS in the feed gas 5

enpl oyefl ityexanples 1 to 3 is about 41:1.

5 1n exg 4, the feed gas is an acid gas m xture of carbon dioxi de-and

hydr oge fide and, unlike the feed ag% | oyed in exanples 1 to 3, igs
&ith nitrogen. This feed g F§§£|gg gagu;a;ed_aﬂd_eeﬁfaﬁm?_

not dilu
essentially no inpurities. Further, in exanple 4, the concentratlon of
carbon dioxide inthe feed gas is 94 percent by vol une and the
concentration 10 of hydrogen sulfide is 6 percent: by-vol une, exclusrve\pi
wat er- vapor and inpurities The 10 nolar ratio-of CO2 to H2S' in the feed
gas to exanple 4 is about 16:1. In each exanple, the feed gas inlet and
outlet tenperatures and the lean solution inlet and rich sol ution outl et
tenperatures for each stage are about 32[err]C The stripper is operated at
30 psia. The rich solution stri pper inlet: tenperature is 104[err]C~ 15 the

| ean sol ution stripper outlet ‘tenperature is 118[err]C, the stripper b}
reboil er tenperature-is ¥ Lo ang the stripper, Qverhead _
tenperature is’ 100[@@ﬂ3§§ 34T %téé%gk éaggs §$"£3€hﬂm£ S8re used to *

determ ne anounts of -various conponents In exanples 1 to 3, ‘the absorber
has three stages, the nunber of trays in each stage being as given in Table
| hereinbelow. In- exar’ggae, ghe &idonber has six stages and the nurrber of
20 trays per stage TS310g88 ' ' ' §RE' " 85! lang! e y
20 Other test conditions and results are al so as set forthin Table | whi.ch
fol | ows. 1,561, 492 [err] 9 L ' '
1, 561, 492 - EEE, ., EEE, ., ‘9 It is evident fromthe above
data, that the proces%§§§°t 'ﬁre§§§ﬂ'Nn@éﬁvﬂqnnahheus for 8%8e preferenti al
renmoval of hydrogen sulfide from carbon dioxi de-- cont ai ni ng *feed gas = -
streans including feed gas containing very dilute concentrations of

hydr ogen sul fide, and ;éuu g2% hyd&fgen sulfide - containing. gaseous
product which is recbﬁﬁw%&ia§§'su 'd 'f giesfiurnther 118 i nd@sErial
processi ng such asafor®the production of “eement & 'sul fur. 5
WHAT WVE CLAIM IS & A contlnuous process for the selective absorpelon of
hydr ogen sulfide froma fg2ed gas conprising an acid gas m xture of_carbon
di oxi de and hydrogen sul f§de, said process conpris- ing the steps gf (1)
counter - currently conta&tlng the feedgas in an absorption zones&rth a

| ean 10 aqueous al kanol a§i ne sol ution @? provide a rich gqueous FE

al kanol am ne sol uti on, (Ii) intro- 10 du0|ng the rich soBution |@£o a
stripping zone to provrde a m xture of &id gag, and matersvapor o@grhead
and | ean sol ution as bott and (111) Eecyclﬁhg the learf solutigd to the
absorption zone, in which (a) the al karfol ani né€ has the farmila, ER 3N,
wherein R is an al kanol radical, ,mhlch s 2 1% or 3 cafbon at o and
which is unsubstltuteégor;gethyl £ substgtutedior an al kgl radlcér 15
having 1 to 5 carbon a§0ﬂ%g provrﬁed at.aeast &e of the R groupsaes an

al kanol radical as deﬁﬁﬁeﬁeabove (b) tHe Ieangyﬂtnlé%, @as a nn@&llty of
1.5 to 75 and a maxi migefdadi ng di 0.1 @ble ofEaC|d 9&s pgr nole g

al kanol am ne; 20 (ggg e absor@tron zone hag 2 to ED sépar at e $tages,
wherein the equilibriggg EEL&EE&M ZikiuﬂﬁwﬁHLJJﬁlanﬂu@yamgsuntudeéén t he
gas and |iquid phaseggaggabe ME&&E%&??@F%@Eﬁ§§E§§§§§ mjgém &8 between ~
the carbon dioxide i 33EE838A2 " ARBTTHUI 8 p"has'"e"'%“rré"y m I r?f"ze' =&d) the
flowrate of the lean solution through each stage is adjusted so that (i)
fromO0.1 to 25 0.9, by volune, or the hydrogen sulfide passing through
each stage is absorbed by the lean 25 solution passing through said stage,
and (ii) the rich solution |loading in each stage is fromO0.1 to 0.3 nole of
acid gas per nole of al kanol am ne; and -
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Lo lal
(-2~
OO

PPm
ppm

1s also two



(e) the lean solution fromthe stripping zone is introduced into about the
top of each stage and the rich solution is renoved from about the bottom of
each stage. 30 2. A process as clained in claiml1l in which the flow
rate of the lean solution through each- 30 stage is adjusted such that no
nore than 0.7, by volume, of the hydrogen sul fide passing through each
stage is absorbed by the |ean solution passing through each stage. 3. /A).
process as claimed in claiml or 2"in which the al kanol am ne i s nethy, -

t hanol ami ne. 35 4. A process ay ghapged in any one of Cainms 19to
whi ch : , , , _
tS: %Z \8; E r qye?gxﬁ &Elvg%e above ﬁé Rggﬁesr%ce%ss :ipresenrtﬁlg;ve];gi;ﬂpoa%sforamVWI Z h each

‘process as melhdmgmdd caﬁr;mmg oex@fdﬂﬁ]e @oneentiatibs df hydregenisulfidd, andhatihe ZzoONe
over heag i Bydaggen S\'@g“ov@nwm Whohaﬁrrempteé ipfuitable fasfurghesxi de to

hydr oge sﬁ'f’&i&fé éﬁﬁlﬁﬂ’sés%gflﬁ’ﬁwdf"t’m@éd?m el spiifess as clained if claim

6 wherein st1r|mbmum%oesmrmaeaﬁem&w&f& drbgeniBiifidt fhdaea fBd @ rati o of
car bon di om snhgaxf@d umdféarbhm dicmdﬂ@nd’hydxbggdmlﬁdésaidpr&ess%ompﬁﬁ ess for

t he sel ecting GoRpLe: Chif n%‘tﬁb‘%’fpwﬂmﬁc&
iy tro=: 10
sot ut i I agg.ﬁ“mgg e o %E SRR A A AT 1010 .05
nol e of ach sél@ton gike lean solutxonto the absorptmn
45 9. A przmpesis whghcl ai med in any one of cl al ns in which the

to 8
Subst 5 “reiﬁﬁé’&% ﬁhlﬂ?ﬁg“%wﬁ%ﬁ% ‘@%g’%, S (13 i o

the | ean s fm d GBdve:S |ntrod to each st age sorptlon zone at
about the s&be the attlgm,élasasmolahtyomlfv tONSpndJcmmaml@Idmgnwl mole@fai ns 9 or

|G n ch %PEP ases is maxpni zed
el T ﬁ:ﬁﬁéﬁaﬁﬁm e R S0
process ase :ahmdpmaoarneme ih Qhel das | afid WGuia fphishﬁmﬁﬁﬁd gas

cont ai ns, mmmzhdttlon to the aci d as, he grocess gas corrprl sin
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acconpanyi n:g) Biﬂﬁwldﬂgad gas r mole of alkanolamme, and 14. A
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