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PROCESS FOR THE PURI FI CATI ON OF AN m’mm The present i nvent ildnhAPR 2002
Telates to a process for the puri f| aqueous al kanol am ne, in

particular o i's contam nated wi t¥ssegradation prod 07013
Al kanol am neg%a#g% dely applied as solvents in the 5 oil gﬁ* ¢ sén? cal

i ndustry, for instance in absorpti onm n processes. Aqueous
sol utions of these conpounds are nuc mmumummmmwmﬁove aci di ¢ conpounds such
as hydrogen sul phide or carbon dioxid Qog,0as streans. Usually these
removal processes are carried out 10 regeneratlvely This nmeans that after
the renoval of aci HiROCESSPPORABHE IFURIEIQRBIGN OFaRNDXLKANGIZMINEG t he gas
streamwith a solvent in an absorption colum at a relatively | ow
tenperature, yielding a purified gas and a so-called rich (or fat) solvent,
the rich sol vent i€ @de38nt olnvaddoneFatati &6l anRTogRs £othéhei ch sol vent
i's Ihgfat ed andfMmmﬂuancefrpm@q@oaseadmmné;omtmtﬁ@u\lalmlt,dt Ihus
yielding an o onsi [ C call ed | ean
sol vent which gnega%‘e%r g% g{:h%ﬂat B g%g}ér %%@E? ?ﬁgocg'b&l% i's known t hat
such sol vents gr a&dé‘lawla’ég?%éﬁfnéfé?e%heaRH’lflIeG‘eﬁEeS%]F"%é:ét ingthe etc. So
the heati ng apgpil ethddehengcsheinrgerer afor)n:,nsltaacet he flesqptioanost ep, may
cause sone degfadatd«Qn %é%ssecsertg Red %ﬁ%}‘%l@ﬁg%ﬁ ounds may react
to Tof alts

wi t h al kanol am nes m ne are not desorbed fromthe
al kanol ani ne bSPHRANSALE ¢ "’ﬁ?@’eﬁ@r ERTQE AGLHAR. CPPPRESaBiChsuch salts
are general |l y galHyetcyeat sslplide sal tarb&k hitloxddet Andmardss safreanst ound are
am des and oxagQldidonenesXALALIAORGIHRYe D& OLIRL: Y dfte reaction betueen

an 30 al kanol am ne car bon di oxi ) i nstancefl reactl on of CO02
wi th diYi sopr offtgfReERithEeyY el dhif (“?W?d?’&ﬁ@yﬁrf&ﬁﬁl the. ‘H'“é‘t"rﬁ?l 9foxazol i done
(often j ust dciBi1APRoRAROANIO BInZ B84 s PEHY dalrOBY 001 Bactzi nmeftder gdst 0 as

"oxazol i done") g ddursiRkh §ONSAMAALINORS Sl RABhaRL DA sata@d degradati on
products do not present gné %ﬁeratlonal probl ens, but,
it

Ihla
concent rat i onsT ¢4y Y83 Y HEFAHES RIS TR SR High gla%’eaﬁﬂl Arity of
t he al kanol am sre-qariltelderﬁ.ohalozscﬂatentsosye;mte,mtauedrthblsscule«mm:e itshéed

effectyyeness of £ %g%héeseiwboqru%essﬁ&w teher 20LR sslmﬁt hgen found that
certain heat stable salts interfere wt he norgaﬁ°¥%"r r| ngspa55| vation

of the 10 car ¥t @%eendnhANEn3F W&P&‘P%‘F@F%ﬁﬁl‘a rption and
regenerati on codlwens,antusheieldimgernab 8 -aguh |cmleusomgaoiﬁ @aeddi®his in turn
causes CorrOSl&&np%mnftgughaga byoi&rmeaslésﬂ RY1dent ReRl &€ inig, e carbon
steel by corrosmn resmtgg te S Ies attractive, for 15 obvi ous cost
reasons. Anot HeEtCYSEFatPohas %ﬁ:ﬂﬁpéh%aﬁ% Py heat stable salts and ot her
contam®tants in aIIR:an@I andtwe Pededushl seltendpsgsaguakly ciatdrage The causes

hereof are notuyflr GORPLBEEhyndNET a@e@d,amowb I t shashderathiaygnd that 20

f oam ng occurs_h rlcgdydurlnot at al‘lanlefa}: e sal ven;:hl S csloeraq:lol\/any operators
find it advantd3geols £O AdRi Tor ConcentT at'ivon “of ?eh ontam nants in

t he al kanol ani $teePrafmay ﬁﬁkﬁ@r%?meesi}?ééﬁéﬂwft hePhear oeelisia slspsbednd to
keep them at aadind @vRboufds Gl re@88 1@ alkanolamines to form

25 amine salts which are not desorbed from the alkanolamine
by the heat in the regeneration column. In the art, such
salts are generally called heat stable salts. Other
contaminants often found are amides and oxazolidones.
Oxazolidones may be formed by ‘the reaction between an

30 alkanolamine and carbon dioxide. For instance, the
reaction of COp with di-isopropanolamine yields
3-(2~hydroxypropyl)-5-methyl-2-oxazolidone (often just



_practice was to continuously refresh a small part of the solvent st d&kAPR 200
either voluntarily, by neans of-) a bleed stream or involuntarily, by
means of sol yent.Jlasses caused by small 30 |eaks or inpropgérgRghans on.
Thus the concentration of contam nants hardly ever rose too high. However,
such practices axe becom ng | ess and Tess acceptabl e, both from an
envi ronment al, g LEORy all, 0GARAM¢aRRL AL, OfraV LMt ) RHIALRLS 3L ST i Vi ng
nore and nore to reduce, the nunber of .solnven changes. ereas mybe
twenty years S0 SBRERRIN&NRtGe e8dnEaTERIRE oBpPEERYECEE dh@otaPEe8ent wo up to
1 8 APR ?0Q? aND 99eraB2dnal Probéamsnvert dm déarper yastentrawadays sol vent
stock PCT/ EP98{07@43 repl acenents of |ess t Han once every year axe ai med
for. However, af such |ow replacenent rates. it becones increasingly
necessary to confroftthetitfiyycauser a st sfriadarf ofh et it nPhath®dn. C The
appl i cant haslkanpiledineitirexthensbrel i snleginitgaysoas amt ahtuke rpdabé em of
cont ani nat i onyof e@kgem@r{e&e%faeﬂeh%&%t%g' pPbLdsd t- sg&i;lé@ﬁmwémd in the
of t abso

first place t_hag a Bro er operation e rptl on an O regeneration
processes, avdi GRAgPBXR sk tOPECEPT IS ekt SFARAR Saditd i ngress of air,

i s fundanent dintegfene witisithy hoemé bl yreidawrrahgdegssidattiion pEothet s. .
Partigyl arly 40088 8veddash e 19*¥0Fe r&15TeRb by S| R nhydrogen cyani de
and carbon di %t[él ghl de. Neverthel ess, 15 d%dat I gn and contam pation still
may occur, sG&XREPEIPRMAIHSEIRELATIY PR pand ThiE dRgGeErfERti ve
purificationamdodpserconndrisonsen Phopdseduro cheses contrasinat and degr aded

al kanol ami ne?fo‘%iiﬁérbfuﬁeﬂdﬁ%e§§§§hi@é’:‘ %_@.p&aein%%}?e Qfar2@nt bese) has becone
very popul ar. For instance el ectro di has Dbeen ﬁ&gpo ed and is even

. ly.
of fered on a YofffEFRFHT™ '8 T285 Fhye )r/ﬁss!sifééhﬁ?ﬁ'i?ec 'nbPThad nuch

succelss as tlobvious thet exfasomsabout equal to a conplete replacenent of the
sol vent stock, eapgehéd |opdratlibfa?op AWM cQhs8@I MeMedtS skabati vely small.
Furt her nore, 6, LS kno eqrener%ll}é t hat .rreng anes_ are ;g)ul n?rabl e, both
physi cal |y af@EReRTEaTTir: & CAPOREI TS it GA5RAGL MR R&FPechni que whi ch
is offered orsodvepmmaystens ssalfeamingi orffhexchuage. hetvof maehnbfue has not
met with 30 RuehcsHELESSL LidnaRlsta8d) ttIRRRBALE hildtnddn f@URMEEEhAN! Y acid
cont nant s f%%mligavescdrns %g%dtieav!\.j,n q:l %E: Hef{"lt r, e g,htn glegr adat i on

pr oduct s. Moresler? The processyig not- ¢ eng er'ther™ an rBdu%es a |lot of
wast ewat er, \§Hiegh.i sMamyleriarasrss aftnd dieidvastagedusc ot mppitdspose of f. 35

So currently the Begteptdtion WieBhdUsdddiaeahhAls ofn tde al kanol amine is

required a”daQ&%98?Lm£ﬁé¥¥§€% %ggture, especially the heat stable

25 300Q pbm heat stable salts as anions. In the past a comonly accg(%t ed
b

salts, and to keep them at a low level, of e.g. less than
25 3000 ppm heat stable salts as anions.

In the past a commonly accepted practice was to
continuously refresh a small part of the solvent stock,
either voluntarily, by means of a bleed stream, or
involuntarily, by means of solvent losses caused by small

30 leaks or improper operation. Thus the concentration of
contaminants hardly ever rose too high. However, such
practices are becoming less and less aéceptable, both
from an environmental and from an economic point of view.
Operators are striving more and more to reduce the number

35 of solvent changes. Whereas maybe twenty years ago
solvent stocks would be replaced at the rate of two up to



1 8 APR 2002 WD 99/ 71821 PCT/EP98/07013 _ q _ replacing is not desired, .a
sinple distillation, also known as thermal reclaimng, is enpl oyed1 ﬁquRdﬂnz
“‘avail abl e on-site equi pnent such as distillation colums. This is
especially suited to batch reclaimng processe s. 5 Dedic I
recl ai mers ﬂ%ggqu% known, for continugus reclaimng of a s ||5;?bs)ﬁ0fe?;m when
t he production of contami nants is high Yue to the particul ar conposition of
the acid gas ,str i r eat qu&g F el recover the
val uabl e corrptgﬁfeﬁ?@eggbg%énﬁ%% ggaﬁbs& ﬁ%ea?sl (Q)?lg\l;%gt'rsisggﬁée ti mes nust be
enpl oyed. ThateRlAceULnts &xfullessi fhed NG GVEFYt Fed hatodipeddier; and
consequent | y,Hdweve@nt amm siedi Apwokep hecdnetitairaees t D Hacatheést Wi th |i ght
cracked specigs. eE\%ii@ }t,q]&eeSr;gg_,gd gk@%nt%\éqntyl\@e@e Jigl refluxing or

f °he %a Iﬁano '

recirculation o , queous al ol am ne takes” place in the
convent i onal da9¢eRarirRcind monsamipgtiftocéss, still shoul d be considered as
a single step praaesspplicddf pasessrspericuitcakteomsiNe ihved2if82 it is
proposed to t i\Sti HLan. ko ol 4
al kanol am nesq:,sl%lg%t Q?E%dér'}zésidc#e?%élggt ?%E%Jrﬁﬁ%ﬁ\\{gg%%aﬁ g‘%&%nt%ga{“}grgg% enperat ure
of about 200 a6 395 ECeifAloyedhi Att hatt pragcéeund ain thfafirgEt PYaFY hi gh,
resul ting intdhae di pacheantagaatespl af ndet abeveptNei tdmer do conventi onal
vacu di stil [ j us| e ;: C I owers and
Uiy “bot | g arrah RS, e e Rt O e
unaccept abl e "¢&§r ABRYF D ARy NOZRES pPE . I/ MBPebYRIaMe &L £R8 heat econony
remai n probl erimtimd siddpushd ergentéoal obrdxgiradet Dbén tpnadugtiso recl ai mt he
aqueous 30 al i i C ! , i 2OT at or does
PS3ROLATL PRy idh & 90¥§8&A _ o&%&ﬂg e Rt a9 sﬁY?iﬁ.gxf

not yield satisfactory results. e appl.icanf has now surpris 'y found
that the di sé’d’\%ﬁﬂﬁﬁeéy%fé’éj@r ipddcapdve ey 1BRidYer d¥ETEPesEBF ecti ng t he
cont arfi nat ed deguredasiah kamblcaomtanibtatiomB3Stdildtmdy atdaux,pisoceberavhi ch
conprises at fgashst YWonSd LR, WNERELH, IR Lhé SdsA/IRAvENE aqueous

al kanolamne 1s, _ 1 8 APR 2002 WD 99171821 PCT/EP98/ 07013 - 5 dehydrated
(meani ng t hattWHELGRkEARIRAASTESi s separated fromthe water) and in the
second step the dehpds dtesth pricpnetdntmnelieanf aottwrinaeid|i ddgusded) a speci al

kind of distilihahbeRnaRPanat %riéuécﬁﬁéﬂs@%?f bhe 4Rt i QBnkebates to a
process for the hl fication of an agueous _al kanol am ne _whi ch process

pu
conpri%es sulfiPESEi ARS t AREWK IRSY aRPRE 3% a F8F stPTT39% FLFFGERSS,
char act eri sediadyshat haheeadinspirbpbasedrangr dsesgen softfammeidednoat in one or

nore filmtypenrauapesft &S andsdOrgpMtiisSechhid®@Hast WotSh8@SmudbhIEr€in in
the first stesﬁ‘ water is rem)vEd grom%he a ue?us al kanol anmi ne., and in the
ahBPaER he S §°PY h

second step tHECGESwAT etiy QS tFEpde A EG"PHE ey be
noted that vaeprdasenonty el ithealsodnenty &uaek, especially if the
25 amount of solvent is relatively small. Furthermore, it

is known generally that membranes are vulnerable, both
physically and chemically, and prone to plugging.
Another technique which is offered on a commercial
scale, is ion-exchange. This technique has not met with
30 much success either, as it appearé.that it removes only
acid contaminants so leaves in the heavy, high molecular
weight, degradation products. Moreover, the process is
not cheap either and produces a lot of wastewater, which
is undesirable and sometimes difficult to dispose off.
35 So currently in most plants, when purification of the

alkanolamine is required and gradual bleeding and



15 distillati'on techniques are known fromthe literature, though not
necessarily for industrial scale processes, |et alone for the remv{d AWZGUZ
"degradati on products comonly present in aqueous al kanol am nes, such a

heat st abl e‘i(? ﬂf{ oxazol i dones, am des, acids and the Illﬁ.r,ﬁgg,ﬁhhmtype
evaporators #wn per se and descri bed in nore detail in, for instance,
Ki rk- Ot hmer, Encycl opedi a of Cheni cal “Téchnol ogy, third edition, New York,
1980, Vol une 9 p 478-481, This article discerns tour main classes of
filmtype evapdh ‘8‘:’9 15hBo5E99ideqy £ FHHIRNS | dﬁél%fﬂ)@%rﬁ 82 evapor at or,
the falling-fkhowrewepahatoal téedioingontalenplbgedrusinradviaitabiapor at or,

and the wi pedoéiélmeoreqegbh@ﬁ@dsJaﬂ @seuial@@fﬁa%onbeslm nai,;suggest that
any of these eva oraltors the (fract.i onal) dis 30

tillation proBeREe ltyhéubF‘é%errﬂ% bnf?%JrFmFﬁ‘@ BFREAHI & ne suitably has
from 15t o f ouPediyalrtedy thgronapsrenidimeom 2re @130 sapbon fdwns. Exanpl es of

commercial l'y @&mlrﬁﬁu%xscéa@aﬁmrfg %rfeadsgiiws&qle%m N@nedrBidy | met hanol am ne,
met hyl di et hanol a

nonoet hanol anf H&Y rl"rmﬁ‘l %u?%%tatnaropgno ar(%]ege}'} ﬁ&lfag%cgi‘%en‘;ad:r%&&@égrof the 1
8 APR 2002 WEOHIBLISA0nPCE/ EROS/GH0 13s - sereqy deényg treasd.on, the term

al kanol am neSH&JiWHLq he baa@f picetx%@obéea@ué/ vaéllﬁQb!I.QCéélﬁ’g%%éﬂt)éCQEam nes.
(Physi éal) CO-S vents na

5 %4 presents % s sulfola e é{: mﬁt hyl ene
sul fo 5 TheEhdiTeb508°%4 k%m A% k&3¢ %l?cq s & FBS? Y&fep of the
process of th@uam\ﬂénttugn resubt ridnt grackinae e fmipecbattdm. pmdgcfe, usual I 'y

(215 755 by WB&ﬁdeon\@ﬁhQénty lﬁx %‘%h’gbx&hﬁ@&ﬁ(rpfofceﬂéaf@éﬁ(}tt&ra@g |

egradati on; ts ance.bein ano ne_and optiqgna

co-sol vent. c(si:ul"vfl(t):F‘ %gor Ck gr 'g%c-leoﬁ ve%? 8 'b? eqose tt he mass
ratio of thi stféﬁi'— s&ﬂemewhetlop%ﬁﬂ(!aﬂdolr&ﬂﬁélﬁ% ArsygFiycula tipn ofdsheof 0.5 to

2h0 hﬂ tBeI Lédjl?émfst %Ekhh@l&ﬂﬂi@%&k@%kﬁDé&éirﬂanﬂleScQﬁW@Ir%d ani glh rrezﬁns
that the bu of _t reerayte
b PR e P, et BREEE] (AT B S,

tq?fm

condi tions of are ch S8R°Shc n 95"k,

especi al | y nofengiggred7as é)fSJE‘?ﬂalew&t"-éP B’F‘?Qﬁsﬁal ly present is renoved. The
first step i s suilmlykypeaslt esbedilfiaat oAt U, 672 hegheiy drge of 130 to 180

C and a pre Serdeg $ad &3 Bﬁ'%l e@%@ned‘lfstfﬁr%@m Ot‘ép?exﬁéﬁ%xa%‘h%n@ 9 bar).

Qoviously it 1°50 pOSSI e aquéeous

al kandf ani ne %‘?9%@%"@“?&5?&?%@"&% the ’E?ﬁeld;ﬂ“é"@e%m%? tHe present

i nvention, byccamirmtaeaselt)m ey itempk Aotrpf apoadt 2d®iteg 3@0f PEM t ype
evapor at or, hi. f.er i rrpl er to carry
out the dehydr aql%g'ntdl rllﬁt ﬁa{l%rq[ge% Hé?gsl%rgasct %t‘zkaamj%ee? ound possi bl e
that in the f??sg%ltslm@plﬂheh%lq%maamﬁweaﬁﬂlﬁénrsg ¥PXRtrated in a falling
filmevaporator, Neiitbbrnay denymfiensedvd@rurcdsstahthtefdn aeehey reasons. 30
HOWeVEfé ’ fa' SO, sc%fln%gé’ Ef foFﬂb@%QXaﬁeﬁﬁﬂés t'o@zeg‘é‘yanﬁcg n‘?{b%fl‘a red to carry

out t irst step int sa prent” as wherein_t secon step is
carried, whi cPPHEES t“rBtllBes%lt’fsaW'l l“lﬁrfF*I‘?naéiPalﬁSPBFo?°u%% A aﬂ)éoexpl ai ned
bel ow. Obvi ouslign iunaicsent sl potirdakdetion 3w yparkeapl ycae- Watreovehe aqueous

al kanol ami ne ggdi0rarlaOn2Hb] £64rdY irenh o [ fifoleRRERE. Ofrrie dheesent
I v |

general practice of trying to reclaim the aqueous

30 alkanolamine in a conventional column, still or
evaporator does not yield satisfactory results.

The applicant has now surprisingly found that the

disadvantages described above may be overcome by sub-
jecting the contaminated aqueous alkanolamine to a

35 distillation process which comprises at Jleast two steps,
wherein in the first step the agueous alkanolamine is



1 8 APR 2002 WD 991 21821 PCT/ EP98/ 07013 Preferably in the second step the
~.aqueous al kanolamne is further purified in an agitated-film evapoﬂétng@s
this kind of equipnment has given the best results for renoving the heat

stabl e salt @%?}her contam nants, as 5 well as any tragggaabsyRier not
removed in t ¢ step. Thus in a suitable enbodinent, also in the first

step the aqueous al kanolanmne is dehydr%t ®'d in an agi tated-film evaporator.

| has furt hefgRId Resn (gggm};ytps@et@@pma%% ahifl £2PEGAL LA D | Ong

term 10 continuous, the process d;) iT'm evapor at or
yi el ds bet t er FF% (iltes Wtaﬁaﬁ) t3fed fidy rthﬁgswcrrrﬁ &F&poE RS ehyrﬁiltaﬁedfl rst step.
Suitably the spenidaxiap is Hdftheedpaul ffed I¥IBHakUELedinl hendasge of 120

to 200 C and e i nge of 2 to 10 kPa (about 15 0.02 to 0.1
bar). Sui tabl<3§[/1 ﬁgﬁ%géggsgp%%]‘eﬁ]% invention al so conprises as an additi onal

step the neutral iASROFEANSEY dehdildVesRbourkRtatast he ARKRFESSalfR&Nol ani ne by
addi ti on of atlsé gutiifacatios camumbqeéow dlxanhgaamtndadeichs pebcass 20 sodi um

t (A bef
t6r tho 111 QERerestoaudibec Al enod) PRNomAE EboE A8 Baalihn @ Ne”

separat i on ofp’é‘t‘iecﬁsc GBﬁﬁBﬁﬁ%F’slS:ﬁﬁ’cHnaEthr’@r d@EElH%ﬁ‘ﬁ% PXOCEFE gas stream
whi ch corrprl SkEs ddrerifedl bowi 1y @tecps: mabe afilaGitypet emdﬂa&tml dhd gas stream

with a aqueoafsn@!lks%@%@nw@séocw gkdp 9 mqé;e'lﬁdlgaéhét @gfa fat

aqueous al kanol am ne: %\ epner at i ng ueous. a anol ani ne by
thermal desorR%%n 35f rEREvVEH WL s Scﬁﬂ?@%ﬁﬁﬁéﬁﬂéam‘t’@ Vgl dnathe | ean
aqueous al kanst¢@amdetapdthe sde-saverkdasl ki lamipeunsisfumhexrecycl i ng the

| ean aqueous @u&aﬂqjdam ne to step a) d) reclaimng part of the aqueous
al kanol am ne subjecting it to process as descri bed above, either 35
continuously or W&t 8RYwPgenoted @EEPF?‘W RONEET 519l BE ERSERD7013 - g
The i h¥enti ondistiflletthen tédchrsiquatsedrbykidwn ffabhovhagl Evergriues, W t hout

restricting tt?&?ox?g“rpl%%toﬁe&@@sﬂl%e%r N&@ﬂﬁ%lt Qc&b@%ﬁro%rsts' gyl ar
enbodi nent s. 1 A truck yi{)ent aqueous di -i sopr opanol ani ne

was drawn of f ‘?tr cﬁﬁqnﬁefﬁh e rreé‘é’t"ia R 18“E'E|’F‘iﬁﬂé’a1:ﬁ oi | refinery.
From t hi s sanpdrenen lfyewrbaectheisn @fquéobstammmmse swkerast beahal yse the

conposi tion, ang, o SGaELY eyézarl%ﬂoh@snaém&eesstac%saarh@bmeathu scale, for
findin 10the|n|t|a ant condi tions a
al kanagam ne was t%éhtVB?r%mfgg@toﬁfoa’ée s’i’]"t”r“e&%e%%e"ln%fde%ﬁﬁlp??r es for
preheating, abm Mg agletaitatim dforl@@stance, Kirk-Othmer,
Encyclopedia of Chemical Technology, third edition, New
York, 1980, Volume 9, pages 478-481. This article
discerns four main classes of film-type evaporators: the
25 rising film or long-tube vertical evaporator, the
falling-£film evaporator, the horizontal-tube or spray-
film evaporator, and the wiped-film or agitated-film
evaporator, but does not suggest that any of these
evaporators would be suitable for the (fractional) dis-
30 tillation process of the present invention.
The alkanolamine suitably has from 1 to four hydroxyl
groups and from 2 to 30 carbon atoms. Examples of
commercially applied extractants are diethanolamine,
methylmethanolamine, methyldiethanolamine, di-
35 isopropanolamine, diglycolamine, monoethanolamine, or
mixtures thereof. Note that for the process of the



170 kg/hr into a pilot plant unit conprising an agitated film evapO{ ﬁlt cH

having a capacity of about 200 kg/hr, and 15 conventional auxiliary APR 2002

" equi pment such as pups, coolers and the like. During the trial runs, mass
bal ances were g’?’iﬁil and analysis for RFB (Regenerabl e Freggag9sofolse anount

of ani ne whi%e be liberated in the regenerator) and ATB 20 (Actual

Total Base, the anpbunt of free am ne { RB) plus the am ne bound to strong

aci di c components) were perforned. The difference between the ATB and the

RFB al | ows t ®XCAPBHI TR¥EHHENan5hRt LM lKkaRPLABIRRS 55GHAAtBe t he anine, i .e.

of the anpuntinzkerpeatedtiafdaellyal &5qd frlexdpsegbytblamimegl.kg. The conposition

of the feed |@nelou | nd AliGehes! fiaf Mes s @Qeéyﬁ%@t shaPbsne the

per cent ages do n exact 0 one un re chrs p055|bly due to

smal | i naccur&&it éé‘m?ﬁhif)n%‘eaﬁé.‘llﬁ%%) and -roundi ng-of f errors. TABLE |

Di -i sdpropanol anfThe §AIR)us WhkddoTavidteethabni 4Ll Goarbki done: + am des, %w

3.1 Heal Stabligesakt ene Y5288 Dl Al ARk dsn, TRAIKS:Ture L APR 2002 VIO
99/ 71821 PCT/ EPB aci ds were anal ysed to be

8/ 07013
mai nl'y gl ycol% &EPHIH o]%]rn_ggiaci‘ﬁua]a]cye% cgg%f PATESSr 8pi BAFRTadtR. The main
i norgani ¢ acitds 2pkebemasagsedonhanirdritowend dedawatiionppréduntck, SOg2-

Cl-, NO3', CN‘heaBQlEnce Tmn@qu@ﬁyﬁoﬂamﬂn%OQﬁep@mcﬁmm%of—gsﬁvm split in
t wo portlons exa ortion of exanple 1b was treated

with & stoicHi oFfBEF? a%ﬁnﬁfnta”BFE ’éu%‘l |S q(’ﬁlﬁb—bs ﬁ?"ie(f‘re“f'o Eb@"aSS Apout 0. 28
eq/ kg was reguaitiedofotloit aiorsalpehvaiueldbnabauinel2s weughly sir oughl y equal
to the differgacgr-get ween t5hQOAIBoand the RFB. Each portion was treated
bat ch-wi se in tvv? S ﬁ‘?ﬁ?‘% e res due of the first ste was used as feed
for the second s 8p§ e 8§FPa }é%l AHERVF | T HERPAS 5‘?3 ot®pilot plant, at

t he tenper at gedydanatiedr e@@e@eﬂnalﬁwte(ﬁhﬁnb@hlbl%f Ithe Whterebults of the

treatyent af t@motbe SLsPheShERtAFE. a|E§:QfleBle?§v1ttQCé icdnbi@lkéns lof 4 TABLE
| I Exanpl e #l %I 1te erat ur 01591 pEE ure a70

t ep
2t enper at ur e, h&l%é%? eSS, CE?’% kano‘i’1 rf‘fc’n’""ee r 88vé$§ ~W9196M xed
Pr oduct sHeat %pasneléhlm@e rté&ﬂk@;?i%rB@(fazitbm doker w@rﬁldeélywoeth It can

be seen that i3lrembvéde cmeglfmalstysw@a%nbuzeam%mlraguneu@wl d be
recovered vvh%r eas t ‘Lse fllrgl{r |nc‘%eas€q3tooto T 6)yo ar . neut r al | satl on of
the acids. MTEBVET i hovvn he "anmount ~ of ‘heat 2sPapresal t s which
was &0 neq/ kgni ﬁhﬁhéalf%%cﬂf dantpedfoika tlaAvhal vede 0.9 bar).

Obviously it is also possible to partially de-water
the aqueous alkanolamine prior to subjecting it to the
process of the present invention, by any process or
device known per se not being a film type evaporator, but

25 this is not preferred, as it is much simpler to carry out
the dehydration in the single first step. It has been
found possible that in the first step the aqueous
alkanolamine is dehydrated in a falling film evaporator,
which may be preferred for cost and efficiency reasons.

30 However, also for cost and efficiency reasons it may be
preferred to carry out the first step in the same
equipment as wherein the second'step is carried, which
need not be a falling film evaporator, as will be
explained below. Obviously it is also possible to

w
w

partially de-water the aqueous alkanolamine prior to
subjecting it to the process of the present invention.
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applying a sinple two step distill.ation process according to the i qvge?pﬂ 002
whereas prior neutralisation results in a further reduction, to 8 neq/kg.

Exanple 2 Th ments of exanple 1 were repeated with qad of
%o Bﬁ{zk 3cte

cont anm nat ed 'sol'ven

froma European natural gas treating plant operating

the so-called Sul finol-M process. Becausk this sanple appeared to have a
| ow aci d content ' it owas intentional ly spiked with 5000 ppm of
9&ek£§a§w¥1ln %hfhge$£kéastfpegke a J%ousigw%?gg

form c acid. The conposition of The Teed a “SprKin
I11. r TABLE |amingetRyfereharampirafiad {pmB) agidaBedst

in Table
evaposa e .0

Sul fol ane, %W a30thibeRinstalRuiphbhit WES/JigehSOhd egteHels,gtof eshe

movin

treatnment after the secon
# 2a 2b Step 1lret enpe agheql

t i ndi cated ip table I'V. TABLE |V Exanpl
i B3 e P L B oRp S ingpen o T

t enper ature, ®eldgas3anyriexannse ofkPater nol kemovedi e thecdiepy, %v 86 96
Sul fol ane recamepy, MuS2iPl Muxedbbe oshsdanbinal siablie sakt gir-rgeaq/ kg 67 8
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step the aqueous alkanolamine is dehydrated in an

agitated-film evaporator. It has furthermore been found

by the applicant that especially in long term,

10 continuous, operation of the process, the wiped film

evaporator yields better results than the falling film

evaporator in the first step. Suitably the second step

is carried out a temperature in the range of 120 to

200 °C and a pressure in the range of 2 to 10 kPa (about

15 0.02 to 0.1 bar).

Suitably the process of the invention also comprises

as an additional step the neutralisation of acidic

compounds in the aqueous alkanolamine by addition of a

stoichiometric amount of an inorganic base,

such as

20 sodium or potassium hydroxide. This addition may be

carried out either before or after the first step.

The invention also relates to a process for the

separation of acidic compounds such as H2S or COp from an

acidic gas stream which comprises the following steps:

25 a) contacting the acidic gas stream with an aqueous

alkanolamine to yield a purified gas stream and a fat

aqueous alkanolamine;

b) regenerating the fat aqueous alkanolamine by thermal

desorption of the absorbed acidic compounds,

to yield a

30 lean aqueous alkanolamine and a stream of acidic

compounds;

¢) recycling the lean aqueous alkanolamine to step a);

d) reclaiming part of the aqueous alkanolamine by

subjecting it to a process as described above, either

35 continuously or batch-wise.



WO 99/ 21821 PCTI EP98/ 07013 - 11 5 10 15 zo 25 Exanpl e 3 The experinments of
exanple 1 - were repeated with a truckl oad of contam nated aqueous 8_APR 2002
"di -i sopropanol am ne from anot her European refinery suffering from <];\ r%\t her

hi gh HCN Coq&‘gﬁﬁ’ﬂﬁﬁi on problem Rather than batch-w se, thgegojoEent was
carried out I'"nUously, for 48 hours, enploying a falling filmevaporator

for the first step and an agitated fiFnfevaporator for the second step. For

conparison, also test with an itated fil mevaporator in the first step
was carried out. THe 1PEERFERN vt %&ﬁffa’rl%uﬁ’?ﬁé?gi Ry e Eoddevingecovery
of nore than egRamplies vdthbhanodsricdinppess etope bé teagddsentHowever,

though the cons«wmticin caf t8085 Gyaafichigr fliddigehtbm evapor ator was | ess

t han that of Ehe %geitlated filmevaporator in the sanme stage, its
perf or mance a =the distillate of the falling filmevaporator still

cont ai Aed 25w of Alitruckppagae®d| sheinte aqeerrpardic isoppopanqlasfine was

di -i sopropanohamme i fi-bR ehétddimt erehtide Adickat 88 4 igurdpeapor at or.
Exanple 4 A m)Pi Ireefr.ec!rai nme runi .corslsi s%i nafqaﬁ_of %}V\Q ﬁgl t & fli,l m_evapor at or
units in seri&s vas BUIFt i A Tdur 20 *FPP ot dite P8 C ?/lcfaftg 2 1d5p&Eity of
600 to, 1200 &k¢hrweng tthkeni o anialysecthpl camposptéanorandftzadrrynnes of
sol vent Sssplr6§er;|trélanan§y9tb@§d§ta@ast1&@@&Taihﬁb&yplsaalgfp&hatﬁi&t@ﬁhal§ i
so-cal }ed Sul fj nol -.M.process reated.. The cquposition o e feed is

gi venhlbn t abl Iéh?/.mll%léﬁaé Wi@?mﬁa&tetcﬁaﬁg‘;horﬁsﬁe ? BTI,De%t £EB WGt er, ~w 17
Sul f ol ane, ~waPkpr@ligmgnepsas i ten dotgaducedy igitp peatisieh|vessglt of neq/ kg
97 1 8 APR 20024 MRe39318Rdeheatd ngPCIAERH Q€033 rd6& o aaessi ng of the

i nventory was r C e t .on-Lipe (wmhi] ne.gas_treating.unit was
still in oper%. (?o]g %é:ng;‘%gr%@ﬁboe{:t %ﬁ?\l}mps%é%&é’%ﬁ%ggﬁ’?%x?ndea%ta}:s?tgaded to the
feed prior tofiHe €vareragpsthaVinig gncapepits afi sbphtad®brka/dy pedduct s of

the twe stagesonedrit iloRELX8dx Alth SARRLESMIEY &uchkas pefel ardasllki-em f eed
products and gggitqj%e&ig{g.establ i sh renoval efficiency for Heat Stable Salts
roduc

and hi gh-boil1'ng ) ts. Typical conditions and results are given in
table VI. TABLE uqyggptme trial runs, mass balances were made, and

analysis for RFB (Regenerable Free Base, the amount of
amine which can be liberated in the regenerator) and ATB

20 (Actual Total Base, the amount of free amine (RFB)} plus
the amine bound to strong acidic components) were
performed. The difference between the ATB and the RFB
allows to calculate the amount of strong acids bound to
the amine, i.e. of the amount of heat stable salts,

25 expressed as meg/kg.

The composition of the feed is shown in table I. 1In
this and subsequent tables, the percentages do not add up
exactly to one hundred, which is possibly dye to small
inaccuracies in the analyses and rounding-off errors.

TABLE I
Di-isopropanclamine (ATB), %w 41.7
Water, %w 54.6
Oxazolidone + amides, %w 3.1
Heat stable salts, meqg/kg 285

Total acids, meg/kg 87



tenperature, C 120 pressure, kPa 75 Step 2 tenperature, C 170 pressure kPa
5 Al'kanol am ne recovery, ~w >95 Sul fol ane recovery, ~w >90 M xed ﬂ;m[ﬁ
"'Heat stable salts, nmeg/kg 9 High-boiling residu, ~w <0.5 10 During t

bat chwi se pr gg&%@n, sone 30 tonnes of waste were produceg@edes@forx23
tonnes of fe mthis waste another 11 tonnes of sulfol ane and

met hyl di et hanol ami ne were recovered ih%=-separate 15 operation, increasing
the overall recovery of al kanol am ne and sul fol ane to about 95-~. - 13
CLAI MS 1. Process for the purification of an aqueous al kanol am ne

whi ch has been uSkel ¢¥gairicaBsbeptwene anadxsedictd e pebekgssiyealie oil or

chem cal indugtay, rakmch awlacesge@mrcuaegn&%@fdn@g L8gq al kapol am ne to a

distillation RLaces characterise | | ation process is
carried out fnnlonlen(?ﬁgarﬁ)lrce agl ﬁﬁ}?@epsenévﬁﬁlﬁ%‘% mﬁ'&e 5851&8‘6%? i HEENS | east two
steps, whereit® PA fPends 1S9 “St efl WatNd3 ik sSCNemved f.r om t he aqueous

al kanal am ne andrh& 5&1&0&1@camdl§émﬁamaldﬁw@é eﬂ"e%di abkagel amine e further

purified. 2. A S |ai Ial ractelsedln at in the
second step rmgﬁ%oﬁ )?a%\pckiggo an’%‘AnC{e1 ]1%% fur?%epro |ff’é "B

agi t at ed- f| I H\aévéﬁ%?%&%r“’lt:? aAsb?’ch'é‘ﬁleéﬂ@I%wm |°rﬁ éP'aWﬁq or 2,
characteri sedNaOH| hetidmn tohetéprst Adorpp DOES aglpeQUNas! keqelagd e i s

dehydrat ed i 0 inclaiml
or 2, char act%e?l ggdé an-‘;alhg] Syaﬁ%@ qst’ skt‘le%’ Iq‘ne(\rgé gfisgééﬁan(% amne is
dehydfat ed i ﬁhandagf%qrw PPFH?%‘?/a’ﬁt?r A8r and the RKFScesBaglk RILL4MEd i n any
of clainms 1 was4tredmgdtiaechseidsé nid hao sbegds r @hestrepidse Coff rgmed out ?
tenperature | e 0 0 a S 6. d ange o 40
to 90 kPa. fgﬁ\ggr%% sg&asst'lgéglarr% ﬁ]e%oaf%r 9}? aﬁe%ro‘%% %E‘?%J 5”E kkhar acterised
in that the §§é6ﬁﬁe%t’i§b‘r‘i §l&5rFY%Pliﬁ}toraP%é%é’rJét'\SweaFnt}B%e range of 120 to
200 C and a pemperstudds tahe pasgeunds AntidcdOekRa tablé procems as cl ai med
0 25 GF ¢! LlR1 s L9 ncChBLAEhEN] SokD DA QUEORe N0l am ne 1 s
selected fromt risi ng am ne met hanol am ne,
met hyl di et hahBPéﬁ??Fed 1d1 tlaggﬁr bpanol am ne di gl ycol am ne, nonoet hanol am ne
and m xtures thereof. 1 8 APR 2002

TABLE II
Example # la 1b
Step 1
temperature, °C 159 154
pressure, kPa 70 70
Step 2
temperature, °C 155 177
pressure, KPa 2.5 5
Alkanolamine recovery, %w 91 96
Mixed Products
Heat stable salts, meqg/kg 38
Oxazolidone + amides, %w 0.6 0.5

It can be seen that 91% of the originally present
alkanoclamine could be recovered whereas this figure
increased to 96% by prior neutralisation of the acids,

20 Moreover it is shown that the amount of heat stable salts
which was 87 meg/kg in the feed, can be more than halved,



1 8 APR 2002 WD 99D1821 PCT/ EP98/ 07013 - 14 8. A process as clained in any
of clains 1 to 7, characterised in that it conprises as an additionl§ AREM?
the neutralisation of aci di c conmpounds in the al kanol am ne by addition of a
stoechinmetri g of an 5 inorganic base. 9. A process pEfrbdaR7013
separation o |c conpounds such as H2S or C02 from an acidic gas stream
whi ch conprises the foll owi ng steps: -ajl0centacting the acidic gas stream
wi th an aqueous 10 aIkanoIanlne to yield a purified gas streamand a fat
aqueous al kant? atfi M/ kY. rayarRlyirAga t HanHlet tyqueber distdddraiPne by
t her mal desorm&adytsobcbbedamﬁaﬂbedeacnﬁbmxnnmvpauadsastgrguﬁﬂ d a |l ean
aqueous al kangl Ai1q ;38dof. SL40AT gh gcgﬂe@er agoppaindy c) recycling
t he | ean aqueous al kanolanm ne to step a rec alnlng part of t he agueous
al kanol am ne %nﬁ%ﬂﬁﬁgectlng it to a process as clainmed in any of clains 1 to
8, either corExampdiesPy or batch W se.

A AnCALC. Ay. A A%%e ex rﬁy %ngxfgg 2 Aelre repiat d

"1 dej TU\"BCTUl {qu ca cal ca a ca caJ cal ca] ca ca] ca] ca] ca] cal ca
] ca] ca] ca] cal Cd‘&]"é‘ %%J}f@é*]l@éreatﬁ% y ES]‘“C%I uyopean Rafugal ( <g =

gas treatlng plant operating the so-called Sulfinol-M

process. Because this sample appeared to have a low acid
10 content of its own, it was intentionally spiked with

5000 ppm of formic acid. The composition of the feed

after spiking is given in Table IIT.

TABLE 'TII
Methyldiethanolamine (ATB), %w 39.5
Water, %w 29.0
Sulfolane, %w 30.5
Heat stable salts, meqg/kg 159

The results of the treatment after the second step
are indicated in table IV.

TABLE IV
Example # 2a 2b
Step 1
temperature, °C 148 143
pressure, kPa 70 70
Step 2 )
temperature, °C 139 135
pressure, kPa 4 4
Alkanolamine recovery, %w 86 96
Sulfolane recovery, %w 82 91

Mixed Products
Heat stable salts, meqg/kg 67 8
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;, J N A mobile reclaimer unit consisting of two agitated-
film evaporator units in series was built in four 20 ft
containers, having a capacity of 600 to 1200 kg/hr. With
this unit a complete inventory of 223 tonnes of solvent
25 as present in a synthesis gas treating plant operating
the so-called Sulfinol-M process was treated. The
composition of the feed is given in table V.

TABLE V
Methyldiethanolamine (ATB), % 48.5
Water, %w 17
Sulfolane, %w 29.8
High-boiling residue, %w 4.7

Heat stable salts, meg/kg 97
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Step 1
temperature, °C 120
pressure, kPa 75
Step 2
temperature, °C 170
pressure, kPa 5
Alkanolamine recovery, %w >95
Sulfolane recovery, %w >90

Mixed Products

Heat stable salts, meg/kg 4
High-boiling residu, %w <0.5

10

During the batchwise production, some 30 tonnes of

waste were produced out of 223 tonnes of feed. From this
waste another 1l tonnes of sulfolane and
methyldiethanolamine were recovered in a separate

15 operation, increasing the overall recovery of alkanol

amine and sulfolane to about 95%. "
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106G () - | ====>AA"<uV4l " I 1 dO10UKKE' ()-!# 10%& ()-!(10%&' ()-YL10%& ()-Y10%
& ()- 10% OpfRess for the purification of an aqueous

alkanolamine which has been used in an absorption or extraction process
in the oil or chemical industry, which process comprises subjecting the

alkanolamine to a distillation process, characterised in
that the distillation process is carried out in one or
more film-type evaporators and comprises at least two
steps, wherein in the first step water is removed from
the aqueous alkanolamine and in the second step the de-
watered alkanolamine is further purified.

2. A process as claimed in claim 1, characterised in
that in the second step the agueous alkanolamine is
further purified in an agitated-film evaporator.

3. A process as claimed in claim 1 or 2, characterised
in that in the first step the aqueous alkanolamine is
dehydrated in a falling film evaporator.

4. A process as claimed in claim 1 or 2, characterised
in thét in the first step the agqueous alkanolamine is
dehydrated in an agitated-film evaporator.

5. A process as claimed in any of claims 1 to 4,
characterised in that the first step is carried out a
temperature in the range of 130 to 180 °C and a pressure
in the range of 40 to 90 kPa.

6. A process as claimed in any of claims 1 to 5,
characterised in that the second step is carried out a
temperature in the range of 120 to 200 °C and a pressure
in the range of 2 to 10 kPa.

7. A process as claimed in any of claims 1 to 6,
characterised in that the aquecus alkanolamine is
selected from the group comprising diethanolamine,
methylmethanolamine, methyldiethanolamine,
di-isopropanolamine, diglycolamine, monocethanolamine and

mixtures thereof.
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