111 911 Description This invention relates to a process for the renoval
f carbon di.oxi de from a gaseous stream containing at |east one C2 to C4
lefin. 5 Alumina’is a well known adsorbent in many chemical processes
uch asnt he pol ynerization of ol efi n%n ﬁ gg'1it hyl ene, for the renoval
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nhi bi torg rQWﬁé@“@ll \ﬁﬁ 5&10&9&§r@r¥1£“y@9en§£ BB Wik s {F:QB&%Eth%Q% &e#ingw
evel conceay. rettylefs) Sfof theCrem8@Mdf Wated afdd Binall c&ﬁﬁd igHs &Hﬁéﬂ%‘hoﬁ'&ﬂ‘bb@ﬁ@%n@ﬂﬁnng
dsor bent s compouB@l dodtpeaiges. nef f i ci ent when used. for the renmoval of CO2
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her ef or e, fegm @ls seous gfeamirostaining dow |'rmh°-culsr weighyrofefingleuch aprethgiess f or t he

enoval of bCCﬁ;—%Fﬁ %‘q&g"‘g wa 255 ﬁg"asggg‘g@ﬁ@f %efmaswstmmch
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I scl osur e - anQthetmpappehiatesdand|tisd seweral a&»antagdsmfmepmsedammuw drhadph&nﬂl‘cﬁrseftﬁdy

nvent i on, ofhihdisdosyresang\tbe appepdpsiclai® can be eff|C| ently rermved froma

aseous & re agfg’rﬂagg:gw “Ef'P{ '@3“’ edeys i ?"e h 51y fgmoved from
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known.. t0250r‘\‘£3}a 'PF" idthe e q’iée"& imsj-g- g] so- \é&ghl n- the sc e of .t he present
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dependent GlieNa8Na, dt ccuanm Vo 3, B617s dromieBEN

gaseous st rogidae. dDyNaae)aaleminé s8ifdce Gind aans beé ceadily Gatided by smdduteammar(da&veepmg the

i ndi cat esh @diarhest b?%wttmﬁsﬂa%lffstpb%e whi_ch convert C2 to an al kali netal
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Garme and &l Jmﬁt dhefags ég fabestizda aam4 Feetll z '-°e Yheppatp fusblsy
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G oup I A alsgaggnc 5?10' ﬁ gg}gﬁm iop,ord cgv q#'a nthetr "I?f:lmllila |?r n;:g ]
metal trgatd® e YiahYanbat CQ@a i %@ﬁ is4o.
Thus,: when rrtahmamldwrhmn |-sz4rroe.amdemw oatﬂ—l-fo butmrfaewmumvofh wbefmmrrmév

| evel of |(aah¢quﬁhwmsaeqee'dlomm ﬁutdw @Isunmllaiew patunalsgaa Iswesam, argon, aml deliund

e e

When pot as S#thmét M&h enak: @ ehsum'hﬁ oxygeh 8 nbf iRPddUEa lintd B8 B¢dr arbon

about . 3 t ofesstreans Nﬂaotgihtprqt;sure dsnpot Iéﬁﬁl:ai # ippefeered edmaintain the pressure during catalyst
calcination near atmospherlc or below to aid removal of gaseous specles generated during the heating
process.

6§ Alkali metal compounds suxtable for use in the present mventlon are soluble in the solvents disclosed
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Ty"_f cal Ly the cal cined al kali netal .'cor_rpound-treat ed alum-na is prepared by
coftacting the alumna 50 with a Goup | A alkali metal conpound di ssol vesk
i ngka suitable solvent. such as water, alcohols, and esters. Water is

|

pr&ferred. A kali netal conmpound- al umi ga_'ign#ﬁfti ng can be carried out
any suitable manner known in the art f liquid contacting. For -
exdqnpl € t he ptesiohsty, gobgre ofnvérmiiae pidendaicivetianessitivhs o utiekalkaldinethli oide Goam, O, Examples
empl oyed Af tobguitahié ¢qnm°erms instyde the hydmyidef nitratee and agetpte formmef thelakkalf inetaletHyfroxides of

ound cont§f45tFdiumy Bnq pRtassiug ate, ereteeq, pecgype qf thelf gyailapility,
oS B A L S e e P e sl SICRE oty o
erature fpredanabsbd 5153%% V. Poralgadebus|fé@dlshich apémtna{ea:hé stbwmtva{yesa unktidn of the
ut [err]. prdaaire emgalqwd rrpanytegenn ddhaidteata ratkswmmsﬁeqnefedi@n aiotayaism&h&fhed

hopr s under aa Eqé lteg 1000 GHS0 \ ase%chh ace ﬁgﬂfﬁ pagged
Suf tabl ¢ ggses m ame& akz. nﬁtuﬁéﬁ &%L tions.
Caption shoul d @é‘neiwb‘ﬁﬁ hd\brbfbsE SHROPIBR RO 16 &dFfedSINE aa:smaeraawfﬁ&mgs&t 0°C to
stfeamt o naiabbwdiinoet. Beﬁ&dlycpl’ﬁatred)n d enpesmtelih @hd) ahganofafifopnl bbdue 28°C td @bout 50°C.
m hi m ze format Tmr?reﬁslureanmpvhtse § mg{@tl?smmﬂc&ew&% %:gglrr; ﬂ%rgé@@spawca h 1500
coht ai ni ng Rrefgraply ifheib g P pult igj §f§’é‘l 5}93%

pur ge the f 5g ]‘?"ea @3: e"c ;ﬂ; 0'?15"1 (ﬁéaré atg psu 'ﬁ"ea di\?fms ene (—?ﬁ'gq‘%

t hat oxygen ls moitgmldﬂthreeﬂluﬁeuahdsmmemeenhyswnﬁ&aalbméaﬁ&oatarne@mlméNa EWfan
priessure i s maitbitor such @alCO; icén bs ppresbegk red to nmaintain the ressure duri n

caf al yst cal ci nEh %h’"%ﬂka"mw %trﬁred@&ﬂgw 'ggi‘zsfgtﬂrdd‘lia Ak ﬁ%? %E@!}E’P
spct es detbiiat ML q,,t.: By ;m@&m@ﬁ |
sui'tabl e for g prbce ?aha\rﬁse& erl EBA% Agoare R 5K @ralyBe
di ¢l osed 2 Qtehibkraa&elofmroen&auswc toabalit 200€C, ﬁl@féhaelytabchlt aooundeusoucedom inahpiofed
condi ti ons tmngghg furtien Q. amémter mpdembml fwm NGataligst imngshieved ofypicaliyt raﬂﬁneratlon takes
-compounds Fﬁ]@ 'ﬁ%:? caé ratio rit cagl stcoul%tbede ong tr'lre kclbe uc
Fars vy o e T IRIG B, D RS 43000 ) Ul G
off their avalbla Aok g/:haa@hnee,&smmJ I%ea;natua Aatzh t B&Y t Euataed:ﬁédnams&rrtaﬁngﬂesa
‘tg the adsorlbe«mmebeduraed mdth CO5 (aé \ddeincedibly OMt Inl theveffluentfrdiithe BaChedl), tie tacknepataivst :
Brjoadl y, t be bedweoulsf bqspeﬁ |ﬂFP PHimens dhee tferoseniaeing e olefip gpntaioing fwwegmzer hireshly -
holur 'y spacetﬁfél’ﬁf sm 1‘ ‘é@’éﬁ"@ i3 08BNV BT AP a8 SRS e et My e
as] et hyl ene yurg,gr th,é BRsét ilvBiRioRr essure enpl oyed. In
any event, it should be at - a rate suff|C|ent to effect efficient contact
bet ween thesfeed and the treated al um na. Ex'ﬂ'lplssl nvention is - well suited for .
continuous reaction in which the olefin f&#®Pled continuously passed 10 over
bed of cal cined al kal i cf%!)rb&ﬁﬂpgﬁl%&ra?tté%ﬁ?@pﬁis%r@@mﬁlk dghe desired
reflacti on conditions. General e process o e present 1 nvention is
carried ouko at a terrperasupplerof from about [ err $udport dbxbanbtidnerr] . Presently
prferred is a tenperarm-e—rrr-rhe—rarrge—of—f-rombuvr—[-m—]—ro—a'bout 50C.
The pressure under whi %\‘ Bhis invention is prdgfdcdi®ewill be from about
atgrospheric to about 1 ﬁe,pm g. Preferably, thegydir ’Qﬁure wi Il be from about
4001 o aboys 1000 psi g rhizatieiPhit @uakOCdrp.6900  kPapa \mstélo;LS et hyl ene;
atyrospheric to about 13Bvipmi g (900 kPa) W|th p@rGWW@rfeOz/A&iQd at nospheri c to
abput 30 psig (206 kPa {i¥f a butene stream ‘&F‘ng'ﬁ‘fu'aéﬁ'e‘(%e ef f ecti veness

of | t he present inventidii®ol efin streans cont Al R PYTHE ™% 1 e as 1 ppm of

an| i nhi bitgy suthe gafersiQRoctdure dibidYe@REESEARY aldrhifa SBbsHsWaE ambikeRinietalBdridound was as
cofrpound- t rezi@lled/s aﬂllLaMWMs appprts @oglevey wire ciughpd amt sisvertbelpye the,atH— esh (S—Hlotrﬂvehﬂe@ '
pr gsence of pasticles beipg¢ f%fé‘sNEthSH@mNV adggrption gfjdigs.

As)descri bed' a?fﬁ“"#“ L"‘ém "’Fm%é ﬁfgéd t%ﬁ?aﬂéi‘ &5 ??a?a‘.r ‘L ﬂé nd
h an ingr tcoﬂﬁg b@tﬂloﬁsl'h inddu sitheh didy, Sueh b By ne&ting Iﬂ'ﬁbﬁ@éfb $d rab&ht
thd process \ehaiinads dblﬁﬁgﬁmmmﬂd“amhiétanlg/dﬂi(i’deﬁutedSadsdeﬂn vax tygiesllpbofigdted by heating to

redener at'i on.abgut126¢fGderad houss if N£ wUrrﬂ%dmim rll}F’ra} abqslt é&)d‘ﬂft er r],. preferabl

b EQs Fpmple, iym D NI
abdut [err]. tO egﬁ ‘{; ws‘lll C;‘l-ﬁn amo %;A%“was |Fsoved in mlo ertcﬁ'g!hls oguéln%, g

re val Trgm Raregraak awa%.afa wa rrn orminee s Hobidd rPkh ova

abolt % 4erhdidintost ¥ iRfeRteadl them @bl ditivated fat 26y<0ifér3lnrsphrdiet a KC/AL. itrogen flow.

ope atlon trée w:ventlve cat al. yst coul d be depl oyed |n thr ee packed beds -
xample

kin-Elmer TGS'%

- In a series of tests, 50—60 mg of actlvated adsorbent was placed on the pan of a Per '
ith helium @

65 thermogravumetnc analyzer (TGA), heated to. 260°C and held at 260°C whule belng sweptwi
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hat at any given time one bed woul d be undergoi ng regeneration, and the
ot her t'wo beds .in series would be contacting the ol efin containing feed
stream As'the first bed to contact the olefin containing feed stream
becomes saturated with CO2 (as evidenced CX2 in the effluent fromt
first. bed), the backup catal yst 30 b8d1 %LKHI become the primary bed for
cont akid NQ SchR (25Kt EABLAEHAENLRAY oS staRABight WS rbdchsiTnYicdiRGRERH AR RE
woul d be pubased). Helsemple &isidéreashbehkddpled & FPQ/BithdBtiym atrehnt el thebanipd welghtachs
woul d be t resatded Aiheliom- @zlmlatbteecome eeeﬂa!tql@pﬁr@ohﬁ@iwq;rtsen Suibetitdted fopwhenfrplium

examﬂ es flﬁVT F?tqlqngﬁé = leﬁg%' Prl;:‘pw rde |Iacor|:stant we:ght was reached,
Seam e el S P el e o A
wer e enpl oy A weight loss ceased. The ad®bHp tlvoﬂE then recooled and the CO, adsorption ex

desi gnat i omepBhted eResults of these tests are shown in Table 1. H 151 A1203 Al coa

Z-100 A1203 Kai ser K-201 [err] 45

Phi | adel phia Quartz Corp. PQ 10§A§|EC52 Davi son -
Grade 979 Si @2/ Al 203 Linde - . Promoter - 5A nol ecuI ar si.eve

Li nde JH—pt-ectH-aF—si-eve—b0 The general
procedure enployed for treati ng al umi nacwgpr@mns agM:®, %n al kal i net al :
conpound’nas as f ol Ilog%",&r‘l al uni a W f*! Pushed and

si eved before use, "EEh (3-1 'hesh cm_paf®ti cl es'B%%hg col'l ected
for use in the | aboig104¥mmesor pti oy studi@s.” The dgsired ampunt of
hydr oxi de, such as sodi um hydroxi de, was dissolved in a volune of water
just suffa cient to Wi&! Algminal umi na Nehor oughtty. The4dl umi na &@sorbent to he -
enpl oyed was t hen ngse L9 the al k&NI met a£ corrpouqq 55 contzall ni ng :
solytion.. The wet al um na support was t hen®dr | ed, such as by heating to
above._ 100C for about-1RA0aiGminbt es or Naonger . 2.8r vy, al lssl i - met alzghydroxide. . .. .
treat ed adsorbent .was-typically activated by heating to about. 260C for 5
hours in N2 with fl i ntai ned at_ about 40 I/hr. For exanple, alumna
adsor bent ‘treated vg%r%‘r‘mﬂ h sodi M hydro%i de to §Bve 2.0%'8a20 was
prepared as foll owsK_zd\IaAﬂ,-,lmhg\ t he angunt of2§.21 g wgs dissolpwed in 5 n of
water. Tg this solution, 8.0 9 of 60 Alcoa H 151 al umi na was added vmth
stirring. The wet A-20ti Meminais heat @8 i n an42vapor atsng -di sh 3% renpve nost
of the excess water ?OESA't hen, was aq\tlvat ed 15t [err]4 for 5 hr . under a 40
I/ hr. mtrogenflow e 11 Inaserles of tesg 50- 60 *fy of activated -
‘adsor bengs was pl acedzmm.,t.haa pan of na PerkigsisElnmer $@S 2 65 34 -
t her nogravi nmetric .anal yzer (TGA) ~heated to. [err] and held at 2600C while
bei ng swept with helum:.at 53 0111 911 SCFM 42 5 1tr/mn standard
condition) until a '%%Pﬂe‘t‘ém‘f'av\el ght Has reathed (in Pcat i ng ?¥ss of noi sture _
had ceasgd). The sanpl e holder was then cooled to [err] in the heli um ,'
stream and the san-zorweigihé was rexorded.3A hel i ussCO2 i xtzur e contai ni ng
10 nol e percent CO2 was then substltut ed for the heliumstream and the

gai n in wei ght due ¥®1&a82orpti onfwas fotfowed ufifil a cor$tant wei ght
\Nas\peacjged 5 wusually within 30 mnutes or less. The weight gain was
recorded and t he wesaghbleprRieent CO2—I oadi ng- was cal_cul at ed.q2l2n sone cases - -
t he adsorbent was regenerated by heating to.[err] in helium and holding at
[err] until weight BdMolegaged. Theadsorbent was then recoBiled and the C2

adsorpti |€on experl nPﬁHﬁaeé?l?c%t ed ResNéI ts of these tgets are §Qom |n Tabl e
l. TABLE"Il . .

" Davison s.ozlAlzo3 Na 28 .29 0.6

NaOH S - . 128
55 .

* After regeneratton of adsorbent from prewous run.

The data show that CO, adsorption capacity increased sharply when Nazo content of alumma was
60 .increased from sample to sample. The H-151 alumina, which originally contained about-2.7% Na,0 as an
" impurity, and the K-201 alumina, which originally contained about 0.3% Na,O, were almost equaily
effective in CO, adsorption when promoted with additional Na,0. The Li,O and K,O promoted aluminas -
. were also effective in adsorbing CO,. In these experiments, the molecular sieves were quite effective in
.. -adsorbing CO, from helium, but were inefficient in the presence of ethylene, as shown in Exampile ili. Silica |
g5 and sullca-alumlna were less efficient than alumina. Bulk NaOH removed COz but could not be regenerated
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pt er,_ ‘Concentration, as MO, % Description
P of adsorbent _ | on Added . -Tot al | oadi ng H 151

(i na ~ Na 0 2.7 2.0 20
151 Alumna N ' Na : 140111 91141 o 2.3 -
151 Al _um' na ' 2.0 4.7 2.7 H 151 :
um n¥ ExafRP'Néi' o d o closel ' " d2 9 25 K-h2|01 Al um na
: series 0 es signed to closely simula i treating ethyleng;monomer with
3& ina in a polyethy %‘? %w%ezgﬁ' 61 d Les P‘i % gﬁi ggﬁa le of adsor e% be tested,
usl actlvated at C xzi” (3 mmx64 ) brass pipe ¢loSed at each
, 5 end.wit AbNén BitgTene, contalnlnbla1-—17 ppm CO4(b¢ volume) was ﬁis $ed through the
35 adsorbent m&n@@&d Al700Asiyd4800 kPa) at a ratd\jd approximately g iier hour per g of &dsBrbent. The
thyiene was periqdicaily sampled and-analyzed for CO, as fgllows: The sampl W3S i tedi
mKn(iOl Agﬁwpw | 211M chro q'qlo raph equnpp%:i 3lt‘%a 3/16”x22’E (5 ES@Q 2 o mgcgqg-ﬂ%r?m%
0/100 h {34/41 mesmg m}} oper rate atgg %G?l\?é min He rrier gass eam carrled the sample
761t ough- the colufhnand into a meth rvertdd M€ CO, to methane before being
- determined by a flamﬁﬂznﬁatbﬂ)ﬂetkhbresslmwa for CO, was less than 1 ppm. The ethylene flow and -
12.1 50 sampling wereOnti3i8d Sjverabdays as necessary il CO, broke thrGugh the adsorbent @ncﬂ_untll the
0.4 Davi son glo F?’f entration in th luent approach at in the feed. e 02 concentratlo [afflopnt was
_ ?ted gainst time, and the time toiga h,pn aﬁu:@tloln d termi ea?Llee toﬁ)‘;
15 adsorbed was calculated and expres ht per 5 g@éié%du %ﬁ: t
fron1preV|ou5mmum'n$he|data show t hat adsorptlon capaclity |ncrease

sharply when Na20 content of alum na was 60 increased fromsanple to

sanpl e. The H 151 alum na, which originally contained about 2.7% Na20 as an
inmpurity, and the K-201 alum na, which originally contained about 0.3%
Na20, wer & al nost equal |y effectlve in CQ2 adsorption when pronoted with

addi ti onal Na20O. The Li 20 and K20 pronoted al umi nas were al so effective in
ad bing CO2. In these experinents, the nolecul ar sieves were quite
effective in adsorbing CO2 from helium but were inefficient in the

D

presence 6% ethylene, as shown in Exanple-tll. Silica 65 and silica-alumna

were | ess efficient than alum na. Bul k NaOH renoved CO2 but coul d not be
regenerated. 4 ‘Exanple 11l A series of tests, designed to closely
siimul ate conditions used in treating ethyl ene nmonomer with alunina in a
pol yet hyl ée plant were conducted as follows. A 2-3 g sanple of adsorbent
tg be tested, previously activated at - 260C, was transferred into a
'1/8"x[err] (3 mx64 mm) brass pipe closed at -each 5 end with a needle

val ve. Ethylene, containing 11-17 ppm CO2 (by volune) was passed through
t he adsor Bent mai ntai ned at 700 pS|g (4800 kPa) at a rate of approximtely
7 g per hour per g of adsorbent. The effluent ethylene was periodically
sanpl ed and anal yzed for CO2 as folloms -The. sanple was injected into a-
Carl e Model 211M chromat ograph equi pped with a 3/16"x22" (5 mmx560 mm

Car bopack«® col um (80/100 nmesh (34/41 nesh per cn)) operated at ‘[err]. A

60 m/mn He carrier gas streamcarried the sanple 10 through-the colum
and into a met hani zer unlt Wwhi ch converted the co2 to et hane bef ore being

.50
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-det'er m ped by a flane ionization det ect or. Sensitivity for C02::
than 1 ppm. The-ethylene fl ow and sanpling were continued severa .....da
necessary until CO2 broke through the adsorbent .and until ‘the CO2

concentration i'n the effluent approached that in the feed. The CQ2

concentration in the effluent was @ ddde81%gainst tine, and the tine to
breakt‘h"rough and saturation determ ned. The total anmount of CO2 15 adsor b
was cal cul ated Jand expressed as wei ght percent C2 | oading on the .
adsor bent . Regul ts are shown:'in Table Il. 20 25 30 35 40 45 50 55 60 65 5

0 111 911 Nd)c 2o[erraUem -o- ¢ [eRr]= =0 M1k 9N W om Tabhe d | « S ocan be
seen t hat sngunn?oxi‘de pronot ed” al utti nas Were far hore &ffective thaf
nol ecul-ar si eves, which are frequently reconmended by the adsor bent
i ndustry for CQ2 renoval fromgas streans. Li20 on alum na was al so
effective. KOH |pellets, normally considered preferable to NaOH when used in
bul k for CO@[‘,,em)vaI were ineffective under these conditions (dry). s
The opti numH\IgZQgC(mc@t ratidn sprode Lo @e?ﬁn?{hé‘&r@hg@ of R-45wet gt
percent of tHh€ lalunina. Exarpl € IV In a lar ge pol yet iyl &ne pl ant, ‘al Ui na
beds, used ftinmrily to renpve traces of noisture from ethylene at 700 psi g
(4800 kPa) and ja flow ratio of 5-10 kg ethyl ene per hour per kg of alum na,
had to be 1Q;regenerat ed about every 4 days to effect CO2 renoval when
present at ~§’6 pgm g The agumg nag wasit hgn wergpved gnd s egl aced wth
i denti cal 5I3|m na to which had been added™3 weight percent Na20, added as a
NaOH sol ution. |At the same CO2 concentration of 5-6 ppmin the et hyl ene,”
regenerati ¢n wajs now required only every 2 weeks. This exanple shows that a.
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@ctive for CO2 renoval than untreated alumna. Clains 1. A process
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From Table Il is can be seen that sodi um oxide pronoted al um nas
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Li thi*unmhydr oxi d, hbtrlunhydrOX|d und Kal i unhydroxi d ausgewahit wrd. 4.
Ver f ahren nach ei nem der vorhergehenden AnsprCche, dadurch gekennzelchnet
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net al péﬁ cal ci nat1on, de a umne trait~e par |l e conpose de

nmetal alcalin ainsi obtenue, et (c) caIC|nat|on subsequente de |"al um ne
traitee et sechee. 5 2. Proced6 suivant |la revendication 1, caracterise
en ce que |le courant ol efinique precite est constitue d ethylene et le
conpose®te netal alcalin en question est choisi parmi |es hydroxydes,
nitrates et acetates de sodium de potassiumet de |ithium 3. Proc6d6
suant la revendi cation 2, caract6rise en ce que |'on choisit |e conpose
de netal alcalin precit6 parm |'hydroxyde de lithium |'hydroxyde de

sodi um-&--I-' hydr oxyde de potassiunruto 4. Proced6 suivant |'une "
quel conque des revendi cations precedentes, caracterise en ce que |'oxyde de
metal alcalin en question est |1'oxyde de lithiumqui est-pr6sent en une
quantit6 de 1 a 3 pourcent en poids. 5. Procede suivant |'une quel conque
des revendications 1 a 3, caracterise en ce que |'oxyde de netal alcalin en
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