Method for producing low-odor n-butane The present invention relates to a process for
preparinglow-odourn-butanebycatalytically 5 hydrogenating a starting mixture. Low-odour n-butane is
used as an aerosol propellant. For this use, the n-butane must not have ang additional components
with troublesorr%ood};ﬂﬂr?ﬁﬂgﬂqﬂﬁn the faint 10 intrinsic odour of n-kﬁﬁgt'rf@f P8P BA3Er must be
hydrogenating n-butane/n-butene mixtures which
comprise traces=SFSBokHRs REEABEINA SCHROTE SUCH RS BARTiene and/or may have small
amounts of C5 hydrocarbons. The catalysts used for the hydrogenation are preferably supported noble

metal catalysts,rifﬁ%exaigigg&qgadili%@yggna_mpé)(gte 20 Sugh stgrtingﬁg@ggg cq_;@f for

example, be raffinate II gr raffinate Ill. FQr economic reasons, however, preference is given to using
mixtures of line& R APt arboh WMredi onsisiid BriRGFally oP¥-butafié t55 KistERmt mixture
used for thé prepucatiepesicowngt cur stbuthhads thedtasitdeial stream which remains in the
oligomerization of the linear butenes of raffinate Il or raffinate Il after removal of the oligomer. This 30
residual stream consis solel¥19{3h¥drocarbons. If, ig contrasg,la mixture gf Iin%%r (é‘,illha/d ocarbons, for
example raffinatréoﬁqo? ratfinate 1l ,lfs ﬁ?&rof%)?mylllast% , atter rétoval ro?%?nthgsm Bas and 35
hydroformylatiof P¥odiitts ateg-butdire-fctPribdnfe Bluffeancl MaVscabonsdbredemawhich
contains small arsayaisst fermic asid: ESaldekydes atbpassibly Sbtalgahals, qiassibiys synthesis
gas, and wgter. £t (g Jollowing (easgps,lowspdaut n-hylang aphe.hlangd g sucpmixiures by
hydrogenation and possible distillation only at a high lével of cost ané3 Inconvenience: the formic acid
forms carbon mBR&KIBB GG/ the hydrogenation catalyst, which impairs the hydrogenation
performance thereof, and so hydrogenation of olefins in the trace range can be achieved only by

means of low cajalyshaeily SagevelnaiiesaRenianals e Dydipaepated fRrbe ciost gy to 10

pentanols. Bothﬂ}gentanols ang:)entanals, even in the trace range, are |m§)erm|55| le for n-butane for

aerosol applicatibriRS EARAEFMGIET Flic LIS Ein 118 1ke ARG TS 5 velF &5iT8siveTand so use
of inexperigive wrallpyed ataterdle dor thelappardogis inspodsibles Dhwita thiceswmrosive Affect of
formic acid, the gapital sostssrise singadighiy aligyed strls-Bava 10Jae Usethe2 Q- WQ BPL6037
discloses washi_gg !j:%rmi{_:oarcid @Ht of 8 hggéo%%{ggn Cr)rglixtué{% gvith t@eef%ig: cg)fodiurr& h groggia%e solution.
However, if the starting mixture A0 cgmprlges carbon monoxide i adartiorrto the dJr:ocarbons, the
process disclos@®¥eteiras 25 (rrtrabietsr rebssvimgformlcaialthidisWecalisé laletBA of carbon
monoxide with sed@igafydroxide solution additionally forms salts of formic acid, which runs counter to
the purificgtjon desired. The process described in WO 99/26937 is therefore unsuitable for

Such starting streams could, for example, be raffinate
IT or raffinate III. For economic reasons, however,
preference 1is given to using mixtures of linear C,
hydrocarbon streams consisting principally of n-butane.
25
A starting mixture used for the preparation of low-
odour n-butane is the residual stream which remains in
the cligomerization of the linear butenes of raffinate
II or raffinate III after removal of the oligomer. This

30 residual stream consists solely of hydrocarbons.

If, in contrast, a mixture of linear C; hydrocarbons,
for example raffinate II or vraffinate III, is
hydroformylated, after removal of synthesis gas and
35  hydroformylation products, an n-butane-rich mixture of
linear Cy; hydrocarbons is present, which contains small
amounts of formic acid, C; aldehydes and possibly Cs

alcohols, possibly synthesis gas, and water.



30 performance in the presence of carbon monoxide. In the light of this prior art, it is an object of the
present invention to specify a process for preparing low-odour n-butane by catalytically hydrogenating
a 35 feedstock, wherein the feedstock comprises, in addition to n-butane, n-butene and up to 1% by
mass of formic 3%d aRdbf WDA633%6 by mass of pentdnals and/or upﬁ@ﬂb’@‘?@@}ﬁfd&"'&%ntanols
also additionally carbon monoxide. WO 2011/000633- 3 -PCT/EP2010/057031 This object is achieved
by a process acE&Hing ke Cltgrh lowraterrag deoaiopments vidisa inventioataredaid dowiven the
dependent claimsp balisvertiamis therefore hasec padhe E@dingﬁ}@q&dﬁém@i@i@ to prgpare
low-odour n-but cal. noxide- -conta |n|n n- bu ute mixture cpntaining small
amounts of fornﬁ)(r:e%ggglr%/(?r %pﬁgr%%%aﬁs and/o |ype anol ﬁb)?cat I";'/tlc &égenat?on Wﬁih hydrogen
when the startingMiRRiFEBEFSIERhe MftogEPERGS is Febtbd TR a‘éﬁéé@§sdﬂﬁ%ﬁ&n alkali
metal hydrﬁldewetkalmbeearﬂymﬁb@d*rwwmde \Atmleamgnﬁta,lnlngﬂmehieadnﬁpaﬁafamatﬁks 15
according to the dhedseaiment ebie.Gié steamulialkallpinds the (HENS ACK 23,0 salt

Pentanals form aldol addition or a o condensation products. Pentanols remain_dissolved in the alkali.

Inventive treatmgﬁt \ﬁl%ﬁ’gl’r&ﬁ ac"jaltl ﬁ‘ﬁly%@&ﬁenﬁﬁ%@eca%ﬁ REMBAGEY FOmARL%tdng mixture,
and so damage te#rescatahfst inlsebsequrens hydrogenatom iy avoiisekc & he prakess atesrding to the

invention also thgégﬁgw@g@dvg@@gegwrg&m@@nvgg,tgnen{:fgg anesaPPasaius forremoval of
the troublelsoome componelnts fr%m tEle n-butane/ buten§ mixture is low. The operating c sts for this

removal are smﬁfe%e ‘3oval ot t rmli%:aélc FedlBSs tREREERb e ﬁ’y 8geﬁ%t|o (?atalyst
Furthermore, thé& A3k ®f 38@8frosidhchyfORRAITHES ioreeluEed; andost: rrekpdesivesteesedan be used
for the constructigipofitbeqiamis downstream of the alkali wash, for example distillation columns, heat
exchangers and hydrogenation plant. 35 The overall process for preparing for preparing the low-odour
n-butane consists of the sequence of four process types, namely base extraction, dewatering by
distillation, hydrégBriaisRmt Hife oléfiddRd Gftibfal Bi&tmative re%al%@?hyﬁ?é&%‘?bo% The
present WO 201600633 4cPCIEEP2018/05¢03hisnrverion telatesda dierbasarexirbsiied The
sequence of the three qther steps can, aptignally. be, amended The prasent inygntiop isdggsgribed in

detail hereinafter. Feedstocks f%r the process according to the invention
corrosive effect of formic acid, the capital costs rise

since highly alloyed steels have to be used.

20 WO 99/26937 discloses washing formic acid out of a

hydrocarbon mixture with the aid of sodium hydroxide

solution. However, if the starting mixture also
comprises carbon monoxide in addition to the
hydrocarbons, the process disclosed therein is

25 unsuitable for removing formic acid: this is because
reaction of carbon monoxide with sodium hydroxide
solution additionally forms salts of formic acid, which
runs counter to the purification desired. The process
described in WO 99/26937 is therefore unsuitable for

30 performance in the presence of carbon monoxide.

In the light of this prior art, it is an object of the
present invention to specify a process for preparing
low-odour n-butane by catalytically hydrogenating a

35 feedstock, wherein the feedstock comprises, in addition
to n-butane, n-butene and up to 1% by mass of formic
acid and/or up to 1% by mass of pentanals and/or up to
0.5% by mass of pentanols, also additionally carbon
monoxide.



are carbon monoxide-containing mixtures of n-butane and linear butenes, which contain formic acid
and/or 10 pentanal(s) and/or pentanols as secondary component (s) The content of linear butenes in
these mixtures is preferably below 30% by mass, especially below 15% by mass, very patrticularly
below 10% by ntis2 - a4@iB8A 3these mixtures mayontain polyunB&T/aBa AL0A\RR3E3bons, for
example 1,3-butadiene, and up to 1.5% by mass of C5 hydrocarbons. The formic acid content is in the
range from 0.001 to 1% by mass, especially in the range from 0.001 to 0.1% by mass, very particularly
in the range fromr i Q0%19;@ 84 0%sbw B1assvEbe sontenh 26 6& pentanalsHa 00k to Prdimmass,
especially 0.001,to 0.59 1P Y ' rly0.005 tqQ.0.0109% ass. The range of, pentanols
Lt 1%{% %,!011335%3 Ry PANIGHIANY0.005 1q. 0.0 lﬁfoé/n'%%gl Qﬁe leé

is in the range from 0.0( Yo by mass, especially in the range from to 0.2% by mass, very
particularly in the94Rge frohh6. (AR RA61 56 BY FH&E: The carbon monoxide content in the starting
mixture is irsthe range from 1 to 10% by mass. In addition, the starting mixture may comprise

molecular hydrogea. Thg, starting mixiuts, may he-mopgphasic.ar biphagie fer instance with a liquid 30

phase and a gas phase. The carbon monoxide may be gaseous_and/or at |east partly dissolved in the

liquid phase. Of 1ffe RIEEIROENEST tRE BBATSH MBHoKaR Yo tHan8tRs, i iy f5eoat 6M. 35
Typical feedstooksHorthdeprocessavdording to therirvehtore dre- butanree/n-buteneimixures which

are obtained in thgry¥arkHpaf produehautpuis.ef & bydrofokmylatiom otlinear-htenes, Spsh a process
is describ(-i%, for exa}gwaple,lin DEn]?O 2008 002187 :jl In(glis WO 2(?1 /OOO§§3- 5 -PCT/EP2010/057031
i ¥

t%en Ba S & or 81‘1 anols cata 1c droge aalon
process,ann-butene/n-butanemix elsh‘?/ roformylate .yl'he products an diiconventad eactant are
carried out of th&@&detohiithaseess Wathesidi§as STRIL lghBS et i3 8eparaedchingo syhthesis gas, 5
products (pentamais aagesonwersion produsts) eadwaint Rbdane/gdutere mbitute According to the
method of distillgtive werku seo iquid. or both gase ligquid product mixture can be
removed. 10 In the ca}:lse of E%I%;[ive ggéa%%% ?n j[hg %res;%ulir%grggéleg frorr% %%%Pa?gggg MPa,

preferably both &GHEHFGuctLticn imahidrdyntResis a8 is YRRBNEAMNPR EFRRESKas stream
with a high propertion:ai it4 campotieds-dreiatiain®iel % Betit theriquitt sttdam andshesgaseous

stream can be worked Up SeParatei% Q% together bydhe Precess ascqyrding e thesioyeation. 20

According to the invention, froublesome components such as formic acid and/or pentanals and/or

pentanols are rehfVRd fdfithe ASTEMEIRbutEne MisRites BYIRERIRRHERIth HELJHT R alkali. 25
The alkalis usedbany decdguectstedlatiods. etalkaiethetahhydrogideadialkaline Earthmidtaéhydroxide.

Preference is giversto-ueing sedivm hyreaxide seldtien spd potassiusy hydipxide soltiepogspecially

sodium hygIBoxidgo%oéuti%. 3(% The cgg%enggtior% 911;1 thentlw. gi{g:olefdees in Elhd? agueo smsaolutiogci)s 0.5to
30% by mass, espem%ﬁjry to g&o“by Mmass_In the cage Of 30 |um‘hy3roxide Solu |on,€iﬁe sodium

hydroxide conteitig préferabi§in e fiHeRe3BIRBH (1836 2595 by hedss! 8spaaaliiei-the range from |
to 5% to mass, very particularly in the range from 2.5 to 3.5% by mass. The treatment with alkali

co_nv_erts the forr:@g: gpi BEegszEint gcs%rg@gl?ixtgge tottgg co_r{ﬁ?%q{pi forryggseo Pegga@als form
principally aldol addition and/or aldol condensation products which have a lower 5 vapour pressure

than the pentandIS1EOHHREs ABIRRISGET Brodicts Prh e FdithAdls AT & tafGE afdsoluble in
the agueoR$§ phagepa rEmialkafiovash-témsvefiects both hechemicabdenwersion dOwmchan extraction of

the troublesomecomponeRs or ¢oRYersinR PRGNALS thereof infe the.aquegus phase.  The
operating costs for this removal are small. The removal

of the formic acid ©reduces the costs of the
hydrogenation catalyst. Furthermore, the risk of

30 corrosiocn by formic acid is reduced, and so inexpensive

steels can be used for the construction of the plants

downstream of the alkali wash, for example distillation

columns, heat exchangers and hydrogenation plant.

35 The overall process for preparing for preparing the
low-odour n-butane consists o©of the sequence of four
process types, namely base extraction, dewatering by
distillation, hydrogenation of the olefins and optional

distillative removal of (s hydrocarbons. The present



The alkali wash can be performed in one or more reactor(s) with a downstream apparatus for phase
15 separation. Preference is given to effecting the alkali treatment in an extraction apparatus. It is
possible to use the extraction apparatus known to those skilled in the art, 20 for example simple
extraction coluniifg, 3%&4W£§Hmns, columns withdrandom packirRfFa7 ERGIRS ARV fd¥ing
internals. Examples of extraction apparatuses with moving internals include the rotary disk extractor
and the ScheibelegRAL A furRERr BpParatust Whichas 25 axéd 2spacally dfgHeueghisuts for the
extraction, is what ist¢allegibednixeheettietexisaeton Ibiswismpossibledosasiied two or more
extractors of identical or different design. 30 Since both the chemical reaction and an extraction of the
troublesome components or conversion products thereof into the aqueous phase proceed very rapidly,
only few theorettcaPplatd¥ §ERTuiredI8EESHBRte phifificatdfeFihE%outahB/n-bGehé Hhixtures. 35
Therefore, the rémoedlai fhe troublesome components in the process according to the invention is
more preferably effected in a one-stage mixer-settlerextractor. WO 2011/000633- 7
-PCT/EP2010/057031 The mixers used may, for example, be injectors, centrifugal pumps, airlift
pumps, mechanfcal Sr&S s eé%rst emé@%?ﬁ?ﬁhi%ﬁ?ﬁ)gg ichas& and the"RkaPBre mixed
intimately. In theam®cegs Bercoriivyicithednndation. prefevencans giveh to ubingsstaticmikers or
mixing pumpsheﬂ:ﬁ@lﬁllﬂy cw\ei%&g@é pumﬁﬁ.ﬂzﬁe S@Belir_sﬁmd r&@kaeléettllsesi\ahg:a@aaehe Ehase 10
separation, with sale utilization of gravity. These are called gravitational settlers and can also be
configured it B A & bo S e e oL 8 (O edoe bRy
performance. The6oalesEéRittaiddfusdd RERL folEbkRREI8, bélplatdieds rdphiEackings, fabric
packings or fibreked setiliels; Gratitationaksebiersnaay be egphiguretiias heosizontah\eessels or as
upright vessels. decan alierpatiye i gravialianal setlers. fordiaue-iauid separalign fiom separators
trifuga n

by the centrifuge principle can be 20 used. Ce orces in a rotating drum remove the heavy

phase. In the pr SccordtigtohgdnventiBAYpreferédatid tiven to BSHYYtadtaticharSettlers
configurediL&s hdrizdntat ¥ebsels withontermamsp® If both bligadianta gasdoupstream aé to be

purified, the mixgt,may bave,a dewnsiiean:gasspikibbedia whish the gasisireaphissandygted in
countercurrent tq the I%d hase. Preference is_given tg usi %a column with ran,do]rg(iaqkmg, in
i

which the liquid pRase FAHUEESTo thelibberfhird 6f tRE cBIaf i antTRE TR stréartfto the

lower third of theebglummndae ijaenphaseds drawd off in e wspes thingottheacotump labydue the
introduction of thiliquith angrife ligwigphase ds diawnoofh notbe pgwerdBisd ofrthe cabinBngds below
the introdugtion of.the liquid phase.. The liquid phase.from the gas scrubber is t supplied to the
settler, in which %fe s%%%%gtfgarlqgetvbgeﬁob%;ﬂaqnictgndlaht%gus Yase i§ efectad. Wo Oq 00633- 8
-PCT/EP2010/057034 -Ffe &tkalfitiese i3 SHppliEa¥S Hratdrtaction iP Sfaidist pasS bf pratérably with

recycling (cycle mosle). 'ﬁhﬁefo:.fmﬁ@cmfcq%ﬁaﬁanmmei@(tm@t @bsoﬂm*cgﬁlasechea\mg)extraction) is
below 0.2% by Smags spagiajiubglon U Ad%.by 1iass; yery parieulac below, 0954p by mass. If the

alkali used is sodium hydroxide solution, the extract Contains less than 0.2% by mass of sodium

formate, especidilyd€sstHhaf o R bYhisP¥ER fatiRbhYy s theh §R9ehy Kifis OFlhd 10
concentrafién oftatdoPadditidmyandéos aldoTbendensation prociuctsidehecpertanals irthebetract is

below the maximyy seluhility thergetinithe %@n@h%gﬁ%®%%mn Df theseqenigna) cogversion
products in the extract is %elow 0.5% by mass, especijally below 15 0.2% ?ﬁ/ mass. The concentration
0

of pentanols in & extfaet s B&TBW 0.596 By mAEE TR RE casd o it Tlaticfiiode” 8RB Hfityly, the
concentrations dteieabsdaber fhadedaehe uppdreolutfrefebdnrde limited vych thagethe be

abovementionedninitp BER: Bt exseedahRdskke thregghputiatiadmassimass) ketweeguid
n-butene/r}-gutan%gggse Egggbalkali i% betwgen 30:1 @gg 2:%, a@gé%{abrla/otl)l%ty{vfgg 1%% an%g:l. The
extraction is at tgmperatures eta\l/vegn 15 &g f%OC, Y

gaseous and/or at least partly dissolved in the liguid

phase. 0Of the total amount of the carbon monoxide, more

than 90% is in gasecus form.

35 Typical feedstocks for the process according to the
invention are n-butane/n-butene mixtures which are
obtained in the workup of product outputs of a
hydroformylation of linear butenes. Such a process is
described, for example, in DE 10 2008 002187.3. In this



25 especially between 40 and 90C, very particularly between 60 and 80C. The pressure in the
extraction corresponds at least to the partial water pressure of the alkali. 30 In the preferably liquid
removal of at least a portign of the raffinate, the pressure in the extraction is above the vapour

pressure of the Dt 408%83 on temperature. Since the extrachi&rt (55%?@7%6%'698\%% by a

distillative workup, it is appropriate to 35 perform the extraction at a higher pressure than the

distillation in ord&r ¥ Bfpense wittan inteRMBUHEENEIRPRISERIE The prRd&iretR the exttiction
apparatus is prefgrdbbfinrting Yangel froffHa 5 po-bDldPa, espdciallyimtherraade freact.srto 3.0 MPa.

WO 2011/000633-8 -B&1/ERA01QS7031 fsedivnhydrgxide;sqlutionds usedsfor exiragtion, the

extract (laden alkali) can, be used as a catalyst for the aldol co(gdensation olfjgﬁ)ntanals. 5 The raffinate

consists princip@RFof nTBUEnEAcoMARET td 305 IRAHAES Bt i-BhRnBY Edptify 338 15% by
mass. The foLntgaddcontefivibeloals ppmbyanays wspevialyrbeloatd pparisy massvery
particula:rly.lcz) blsmﬂ;@m By teass. mgc%@rilt@n; %ﬁx@@#}eaiql@tﬁiﬂﬁ)g Q?ecom@_eﬁ%@s, @ﬁpfeciarily
pentanals, is below mass. As a result of the physical.solubjlity of water in the organic phase
at extraction tem%esré ureﬂq %%é\ﬁ?egsou%}iﬁl’e rgffiﬁ’%i‘tseecccg){?%a{insiaL §r%3ﬁ%m%ﬂngoc%rer15 aast%(rj.%ﬁ addition,
the raft mate mayPebntdiF S hparsEarofsl Hral §&seais rafina®@pHase also occurs, this consists
principally of synthesis gas which comprises the abovementioned components in accordance with their

partial preféure%‘rgpt-g‘ée r@gglgt%glq&!i%@qq. QQ%Q_LQ}@ @é?ﬁa%l%ﬂs in the presgsure
separatedbydistillationintohydrocarbons (prlnc§)allyc4hyd ocarbons,waterandgases (prln%%ally

synthesis gas)). fA8S8p&ratBn 9s 25MRRcled it of 184RT on@ EBRFTR RV ErdPNY it exadl dhe column.
The distillation gohadmis-prevideanwitina tépicindepseharadia pbase sepadatroiesse|. duting the

distillation, the vapows, gfg. (astialiyl.copdensed apdiseparated inthe sgparationyessel igto two liquid
30 phases, namely a hydrocarbon %lgfg%e%{a}ré%a water phase, and optionally into a gas phase. The

agueous phase SHEFIF present the hase are discharged. The bottom product obtained is a
virtually aAtpydrous and gas-free hydrocarbon stream. The organic phase from the 35 separation

vessel is recyclegunto thespperqartofdhe £omMian VRO 1HR0633 10-PEERZHL0KS7031 The
distillation column hﬁl{s referably 5 to 45 Eh retical plates erably,8 to ?1: and more greferably 12

ref
to 22 theoreticalwpﬁgte%. ' THE fedd” %atﬂ% ce?afm.n ?srpre%e?go ;e%%ﬁed ]Bgtweeneplatggcicansdg 16 (from
the top), more pAFERBRLBSWeRNtHGeS 8RE 5°Fhe ratio of feed rate supplied to vapour rate is,
depending on the number of plates implemented, the water concentration of the column feed 10 and

the required, purilies of 416, gotom prad ‘i%v%‘i‘?é%r%@}’ l%%%%fésé&%recggfgé&QXé%sss@gﬂ 1. The

operating pressure of the column may preferably be set between 0.6 an Pa (abs), preferably
between 1.0 and*5.0 MEFR gbsf Méte pRAERIbIyRANEER £ 5 ARYEX5 MPRYEBRS) Thé'gss phase
drawn off from thesepardting fessel the n-butane/n-butene mixtures by

treatment with an aqueous alkali.

25 The alkalis used may be aqueous solutions of alkali
metal hydroxide or alkaline earth metal hydroxide.
Preference 1is given to using sodium hydroxide solution
and potassium hydroxide solution, especially sodium
hydroxide solution.

30
The concentration of the hydroxides in the agueous
solution is 0.5 to 30% by mass, especially 2 to 5% by
mass. In the case of sodium hydroxide solution, the
sodium hydroxide content is preferably in the range

35 from 0.5 to 25% by mass, egpecially in the range from 1
to 5% to mass, very particularly in the range from 2.5
to 3.5% by mass.



consists principally of synthesis gas, which comprises hydrocarbons (principally C4 hydrocarbons) in
accordance 20 with the partial pressures thereof and water. This gas mixture can be partly conducted
(back) into a C4 hydroformylation plant. It can be utilized as a heating gas, raw material for a synthesis

gas plant, or to $ta#0Ayf8§86335 The bottom prodéct-of the distill R ERBRRGIHETAS {o an extent
of more than 99.9%, especially to an extent of more than 99.95%, of hydrocarbons. The water content
is below 20 ppmiprefekalsip BefRivE 10Widh, nvk&abiprefranyBetowthgpnt Aeedrding €é the
invention, the hysiregenation is effeeted txtheiprgsencetaf Aydregen: hiydreger ésspseiiing

superstoichiometti nt. T. Y ne is 35.preferahly 5 to -The lete
hydrogenation ojfg(t#%e%g‘g#ﬁs inlg'}}%el %’Et%grr%] prcﬁ%%ﬁ caél%tlé:%a é%vt/a%yhyd% Gﬂ%l a%‘erggérﬁgcl)’lrmed
continuously or BREARIse 3t i

0,
J g;n, can
QMWEHS%.WMEOU@GB‘Bhl PET/EP2GIEB57031
According t6 thevarierart, theohydrogeaationtisgpreferably undedakeminliadustryFoveidixed bed

catalysts in the liguic,Bhase,, Tae aatalusts used,may dn pringiple heall catalysisknown from the

literature for the hydrogenation of olefinic double bonds. These are especially catalysts which contain
nickel, palladiunf6FpRAAIR"ES FPdrbBEnafbiE iR RRESs. 10 For the hydrogenation, preference is

given to using supported palladium catalysts. Preference is given to using supported catalysts
containing 0.5 torh % by mass,pf Nalladivm er figh-suiacerarga yralMainRas. denkheydipgenation is
performed.in the liguid phase within the temperature range from 20 to 140C, especially within the

tem peratl(j}(?1 ranagq#or# 121() t%)vcl!dif?/%%)? Iﬁartlgc%ular‘%;.1 \?vithﬁrt(ﬁlé%rg%%%rrnﬁu r& ?Eﬁgcg“f?&% 020 to 60C.
The pressure in BN FdHdEERaticIPdpsaratih Bl e thE 9apbsr pressaresofthBEfane. The pressure
is preferably between 0.6 and 3 MPa, especially between 1 and 2 MPa. 25 The hydrogenation can be

performed in ong.QL pr ff@apﬁin m%%tha&lgne feact ggf})/\(:heerhtheirydr%g%nation isnygggrtaken in

two reactors connecte(%m series, Hje Irst Is preferably operated in loop mode and the second in
straight pass. 30FFRE h§drbRknatitFButpt coRPHRS [ aRan BERF RISy mASE of BIBARS preferably
less than 3@0 pprebyraadsoaf.olefins, more preferably less than 200 ppm by mass.

Preference is given to effecting the alkali treatment
in an extraction apparatus. It is possible to use the
extraction apparatus known to thoge skilled in the art,

20 for example simple extraction columns, sieve tray
columns, columns with random packing or columns with
moving internals. Examples of extraction apparatuses
with moving internals include the rotary disk extractor
and the Scheibel column. A further apparatus, which is

25 used especially at high throughputs for the extraction,
is what is called the mixer-settler-extractor. It is
also possible to combine two or more extractors of
identical or different design.

30 Since both the chemical reaction and an extraction of
the troublesome components or conversion products
thereof into the aguecus phase proceed very rapidly,
only few theoretical plates are required for complete
purification of the n-butane/n-butene mixtures.

35 Therefore, the removal of the troublesome components in
the process according to the invention is more
preferably effected in a one-stage mixer-gettler-
extractor.



35 Optionally, small amounts of C5 hydrocarbons and dissolved hydrogen can be removed by
distillation from the hydrogenation output in a further column. WO 2011/000633- 12
-PCT/EP2010/057031 The invention will now be illustrated with reference to Elant circuit diagrams. For

this purpose, th@"ﬁgal%js]s’fﬁ)%%:”éig. 1 plant for inverftive alkali extr&HbALS ﬂégﬁérﬁ%ﬁquid

starting mixtures; Fig. 2 plant for inventive alkali extraction for treatment of biphasic starting mixtures;

10 Fig. 3 plant fOFGistilBive BBwatkifid; FIRpY-plart3sr hyBiedshktion oPthe dBfis stie&® and for
distillative removadrof £S5 lnygirb capioomss 15 &iguré fi-shpwepise invertiverexteactiGtinitie case that the

starting mixture isyexgiysivelyindiguid foyn, The startipg:mixture, comprsing cathongmongyide,
n-butane, n-butenes, smfi%%[nounts of formic acid and 20 oxygs[n-containin C5 compounds is
supplied to the rﬁ?}%r mixedifiereM iR the Bt d@ibh alkali (33 TheWiphddiéifdtire (3) is

supplied to%he settharr@linsthersettieh&l, thevshdsésare sppateedraral thissexwastgs) isdischarged
as an aqueous phasedadeit2e With the apwities o begremgued. ARapion of the,extact(6) can

optionally be recycled as a circulation stream into the mixer (not shown). The liquid raffinate (5)
% T rarOaat

(principally an n- @tﬂane/nyﬁﬁ‘en&uﬁlﬁfﬂjre) is supplied to the distillative drying K2 (in Figure 3). 30
Figure 2 shows a process variant of the extraction, in which the feedstock consists of a liquid
substream (la) artgea weomsﬁsbakr@@m _ﬂh)mi@gag@eauaew@anwnﬁmprimmgdcﬁﬂim‘s@ n-buté:t_ne,
n-butenes, smal 0 ic a .0 c C5 ungds accordin
to the parst%aﬁ pre%%%%%g ég%grﬂonsea%c%% g%&%%%%%ﬁh%%%xi?g%%%drofg%%gjfs %tgr%am (la) isg
supplied called gravitationa settlers and can also Dbe
configured with internals as a coalescence-promoting
measure to increase the separating performance. The
coalescence aids used may, for example, be plates,

15 random packings, fabric packings or fibre bed settlers.
Gravitational settlers may be configured as horizontal
vesgels or as upright vessels. Asg an alternative to
gravitational settlers, for liguid-liquid separation
from separators by the centrifuge principle can be

20 used. Centrifugal forces in a rotating drum remove the
heavy phase. In the process according to the invention,
preference 1s given to using gravitational settlers
configured as horizontal vessels with internals.

25 If both a liguid and a gaseous stream are to be
purified, the mixer may have a downstream gas scrubber
in which the gas stream is conducted in countercurrent
to the liguid phase. Preference is given to using a
column with random packing, in which the liquid phase

30 is introduced to the upper third of the column and the
gas stream to the lower third of the column. The gas
phase is drawn off in the upper third of the column,
above the introduction of the liquid, and the liquid
phase is drawn off in the lower third of the column,

35 below the introduction of the ligquid phase. The liquid
phase from the gas scrubber is then supplied to the
settler, in which the separation between organic and
agqueous phase isg effected.



synthesis gas, i.e. carbon in Figure 1, the liquid feed to the mixer M1 and mixed WO 2011/000633- 13
-PCT/EP2010/057031 therein with the extraction alkali (2). The biphasic mixture (3) is supplied to the
washer KI. In the washer, thefaseous feed stream (Ib) is washed or extracted in countercurrent with

the liquid mixtur®% ?(5.1%}48% &ddus extract (5a), Y/er%/ Substantially REL/1RRO 1B (BRERAE impurities,

is drawn off in the upper, part of the washer Kl and supplied to the distillative drying 1(2 (in Figure 3).
The biphasic liqGPstrédii¥a)is #B@FEoff1F thé 154 ofthe IR RashEERRSHA %Y td-the settler
Bl. In the settler&irthicpphasepate again sepasdtetabihe thevedtitact (@dgdischargettbgsas aqueous

phase laden with §ae jmpurifigs to he,remoyed. Aportion of the extract(6) cap.optionally, be recycled

back into the mixer as a 15 circulation stream (not shown). The liquid raffinate (5b) is fed back to the

distillative drying 3PP BRRSGure 37 She 1SR B SFERE AREAEPKI cifi offforiitly H1s6 e R¥nfigured
such that thHe sentés Bl isinterraetlimtothéavashel Kl &nd the phasesof2Pliquid streamsy(5b) and (6)

are separated insHieanashec@et shpwmaEigurershews the distillative, dadng of the saffipgte in
column 1(2. The_liguid rafgnate ream IQS) ig or 25 Ehe liquid raffinate strfam (Sbﬁ%ndéhez gaseous
OX1 r = Il.l_ . LB

raffinate stream (5a are, troduce %r%o’thekﬁ%pg?cpar%% th%oé}gtﬂ%%%n coFuSr'nr%: € vapours (7)

of the column 1&¥areapértiaflyseshtensEaYEaidonseFREICsHbWY akeethe ¥BSMItAY Ednddhsate is
separated in 30wgssel 3¥ditp agastEhasea®@)ya lineidswateeaphase (1€) ang anigeid orgaric phase
(8). The gas ph rinGipally synthesis d the se (10 ischar, while the
organic pr?z?se (%ﬁ%%é@oﬁ%g%%& intog the up%b%%cggrt of ﬁ]‘%ééiﬁlﬁé‘ﬁ 1(2.]aTrLagik§£tom% pcg%duct (11)

drawn off from SRR I @irBARPRAkTdrdEs HyFocBRIPRRtGre IRhiEh R htirte
hydrogenation (insFipereod). YiME 20421600638 14bRTIEP 2018 e 31rFighre 4adhovisithe

hydrogenation ofae elsfin sfreaqrand therdistillative gemoyval.of the Godpdraeariensy, thesolefins in

stream (11) are hydrogenated in reactors R1 and R2. (The hydrogen ly to the hydrqogenation 5

su
reactors and the* | GPOHAE are HoPERGWN T E%uﬁe‘ﬁjn?ﬁ@ refc?P§le&hﬁEJfléfL35° 524 into the
distillationléolunth K3. Tt vagsurs (1 eof colmark3 ateiconderfsed¢cortenser not shiolag) and the

resulting condensate-is-sepajatedir vessel B35nto agas phase 10 and adiguid phase. The gas phase
(15) consists predominfgg [ Of hyglroc%gen and is g:ﬁckﬁar%gd. TLH(;:‘mliquicgl3 %g%sq: consists of vir%ually pure

n-butane. A port%nrgﬁlqw 8ﬁase 1S drawh off s arae productin {re Yo o]feéﬁégrrﬁs(lﬁ, while the

other portion (11€ 18kepEbes diees |ibdintd€olUpPeIc cThemattbAeproatet iB)bbedned
comprises smalkaishuris ot Ck hydraparbansantbpessiblyittdcas o othernbigh beilersddhe examples
which folloyy areqiptended to,illustrate. 20 the invention withou &%sgg%ip‘g the range,of application which
is evident rom?ﬁe descript‘?on and the claims. Example 1: Regmoval 0 orrrfic acid gygﬁa% extraction

25 ExperimentalpfaHt StHe/RadeE M thRaR6v et BRfofhicacd tecdeddyreen 30:1 and
2:1, preferably between 15:1 and 5:1.

The extraction is at temperatures between 15 and 120°C,

25 especially between 40 and 90°C, very particularly
between 60 and 80°C. The pressure in the extraction
corresponds at least to the partial water pressure of
the alkali,

30 In the preferably liguid removal of at least a portion
of the raffinate, the pressure in the extraction is
above the wvapour pressure of the n-butane at extraction
temperature. Since the extraction 1s preferably
followed by a distillative workup, it is appropriate to

35 vperform the extraction at a higher pressure than the
distillation in order to dispense with an intermediate
compression. The pressure in the extraction apparatus
is preferably in the range from 0.5 to 5.0 MPa,
especially in the range from 1.5 to 3.0 MPa.



alkali extraction or washing were conducted in a laboratoryexperimentalplantwhichconsisted 30
essentially of a metering and extraction unit. The core of the laboratory plant was the extraction unit in
the foim of a jacketed stainless steel reactor of length 1.3 m and diameter 25 mm, which was filled
completely with @%?no&ﬂaég BR84S In order to imp?O\?e the mixing 35 SF%%P&%%H%Wa%%Mith the
aqueous sodium hydroxide solution, the reactor was provided with a circulation system. The circulation
was ensured by a reaction mixing pump installed upstream of the reactor. The sodium hydroxide
solution as the ekfractimhiomwashihgoi0L205H/D00633- 15sP CEEP 211/ 0503 aneditin) was
metered directly-ito thg ¢gagtion mixiagpPud. £ jhesepargionafdhe gagic and agygpus phases
downstream of the rea%or, ?3"% Iié’re se)[lJ%ration vessel was installed. 5 The reactant used was a

n

butane/butene mMiRturs Ry 1096 D5 HiaS< SPbtenBE 5 MAdT 500 ppm of formic acid had been

added. TheS3starting mixture was taken from a 30 1 pressure reservoir and passed into 10 the reactor

with a Lewa pump.elust aipstieameof theseadeos CoMmas-added tp thestaingpitige from the line by
means of a masg élogvarlngéer Dg%vn?a%argl of ntlgg ext@ctio_ ur%it the mixture was ff‘ss%d intoa 501
product vat. A substream of the mixture was conductad 15 |ﬁ%o€t\ﬁlée§’1 seésﬁa?gtllgn véssel 5Rd
analysed. Experi@ntal préeedureThsBuiareybatede ifixera Withta fofmiesdc cSnteBlof20 500 ppm
was passed thraughsthe expractien Uit frashycalupym abihree tamperatyrepa4@, 60,ard-80C, at a
throughput of 6 f rvais in t ce of sodium hydroxide solution and CO
by meansioga r?apaecmt%?l gﬁrr.%%qgé% %E%%%/o s%%%n? %%%%(%egs%llﬁ%ﬁ%eg g’? the wash n(wag’dium (70

ml/h) and the CEBBERRTST P/ SRS E¥ad Hire IG1S Medictioh HurRf LaMer thephsd¥eparation,
the organic phasexwmas ahalysedraralithe 30fresidealgbynit @gid coniend Was geteminad.dr two

experiments, the H2Q gantenisithe orgaRisphase were agdditionally defeimined, . Theyolume ratio

of the organic phase to a%ueous§)hase ? in all experiments was about 10 to 1. Results: WO

2011/000633- 16 *FET/EF20107165703 1T hé Padiits SHE BFPHimEMR T gardfifyforfic &5d removal
by washing%are #@hpifed infrableéddEkpermentNe. raffinate may contain Cs

hydrocarbons. If a gaseous raffinate phase also occurs,
this consists principally of synthesis gas which
comprises the abovementioned components in accordance
with their partial pressures.

20
The raffinate (liquid and gaseous components) 1is
separated by distillation into hydrocarbons
(principally Cy hydrocarbons, water and gases
(principally synthesis gas}). The separation is

25 effected in at least one column, preferably in exactly
one column. The distillation column is provided with a
top condenser and a phase separation vessel. During the
distillation, the vapours are (partially) condensed and
separated in the separation vessel inte two ligquid

30 phases, namely a hydrocarbon phase and a water phase,
and optionally into a gas phase. The agueocus phase and,
if present, the gaseous phase are discharged. The
bottom product obtained is a wvirtually anhydrous and
gas-free hydrocarbon stream. The organic phase from the

35 geparation vessel is recycled into the upper part of
the column.
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The distillation c¢olumn has preferably 5 to 45
theoretical plates, preferably 8 to 32 and more
preferably 12 to 22 theoretical plates.

The feed to the column is preferably added between
plates 1 and 16 (from the top), more preferably between
plates 1 and 5. The ratio of feed rate supplied to
vapour rate is, depending on the number of plates
implemented, the water concentration of the column feed
and the reqguired purities of the bottom product,
preferably less than 5, more preferably less than 1.
The operating pressure of the column may preferably be
set between 0.6 and 4.0 MPa (abs), preferably between
1.0 and 3.0 MPa (abs), more preferably between 1.5 and
2.5 MPa (abs).

The gas phase drawn off from the separating vessel
consists principally of synthesis gas, which comprises
hydrocarbons (principally C; hydrocarbonsg) in accordance
with the partial pressures thereof and water. This gas
mixture can be partly conducted (back) into a ¢,
hydroformylation plant. It can be utilized as a heating
gas, raw material for a sgynthesis gas plant, or to
obtain hydrogen.

The bottom product of the distillation column consists
to an extent of more than 99.9%, especially to an
extent of more than 99.95%, of hydrocarbons. The water
content is below 20 ppm, preferably below 10 ppm, more
preferably below 1 ppm.

According to the invention, the hydrogenation is
effected in the presence of hydrogen. Hydrogen is used
in a superstoichiometric amount. The hydrogen excess is
preferably 5 to 20%.

The complete hydrogenation of the olefins in the bottom
product, catalytically with hydrogen, can be performed

continuously or batchwise in the gas or liguid phase.
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According to the priocr art, the hydrogenation is
preferably undertaken in industry over fixed Dbed
catalysts in the liquid phase.

The catalysts used may in principle be all catalysts
known from the 1literature for the hydrogenation of
olefinic double bonds. These are especially catalysts
which contain nickel, palladium or platinum as

hydrogenation-active metals.

For the hydrogenation, preference 1is given to using
gsupported palladium catalysts. Preference is given to
using supported catalysts containing 0.5 to 1.0% by

mass of palladium on high-surface area y-aluminas.

The hydrogenation 1is performed in the liquid phase
within the temperature range from 20 to 140°C,
especially within the temperature range from 40 to 100,
very particularly within the temperature range from 30
to 60°C. The pressure in the hydrogenation apparatus is
above the vapour pressure of n-butane. The pressure is

preferably between 0.6 and 3 MPa, especially between 1
and 2 MPa.

The hydrogenation can be performed in one or preferably
in more than one reactor(s). When the hydrogenation is
undertaken 1in two reactors connected in series, the
first 1is preferably operated in loop mode and the
second in straight pass.

The hydrogenation output contains less than 1000 ppm by
mass of olefins, preferably less than 500 ppm by mass

of olefins, more preferably less than 200 ppm by mass.

Optionally, small amounts of Cy; hydrocarbons and
dissolved hydrogen can be removed by distillation from

the hydrogenation output in a further column.
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The invention will now be illustrated with reference to

plant circuit diagrams. For this purpose, the figures
show:

Fig. 1 plant for inventive alkali extraction for

treatment of liquid starting mixtures;

Fig. 2 plant for inventive alkali extraction for

treatment of biphasic starting mixtures;
Fig. 3 plant for distillative dewatering;

Fig. 4 plant for hydrogenation of the olefin stream

and for distillative removal of Cs hydrocarbons.

Figure 1 shows the inventive extraction in the case
that the starting mixture is exclusively in liquid
form. The starting mixture comprising carbon monoxide,
n-butane, n-butenes, small amounts of formic acid and
oxygen-containing Cy compounds ig supplied to the mixer
M1l and mixed therein with the extraction alkali (2).
The biphasic mixture (3) is supplied to the settler Bl.
In the settler Bl, the phases are separated, and the
extract (6) is discharged as an aqueous phase laden
with the impurities to be removed. A portion of the
extract (6) can optionally be recycled as a circulation
stream into the mixer (not shown). The liquid raffinate
(5) (principally an n-butane/n-butenes mixture) 1is
supplied to the distillative drying K2 (in Figure 3).

Figure 2 shows a process variant of the extraction, in
which the feedstock consgists of a liguid substream (la)
and a gaseous substream (lb). The gaseocus stream
comprises, in addition to n-butane, n-butenes, small
amounts of formic acid and possibly oxygen-containing Cs
compounds according to the partial pressures of the
components, predominantly synthesis gasg, i.e. carbon
monoxide and hydrogen. As in Figure 1, the liguid feed

stream (la) is supplied to the mixer M1 and mixed
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therein with the extraction alkali (2). The biphasic
mixture (3) is supplied toc the washer Kl. In the
washer, the gasecus feed stream (1b) is washed or
extracted in countercurrent with the liquid mixture
(3). The gaseous extract (5a), very substantially free
of the troublesome impurities, 1is drawn off in the
upper part of the washer K1 and supplied to the
distillative drying K2 (in Figure 3). The biphasic
ligquid stream {(4) is drawn off in the lower part of the
washer K1 and fed to the settler Bl. In the settler B1l,
the phases are again separated, and the extract (&) is
discharged ag an agqueous phase laden with the
impurities to be removed. A portion of the extract (6)
can optionally be recycled back into the mixer as a
circulation stream {(not shown). The liquid raffinate
(5b) 1is fed back to the distillative drying X2 (in
Figure 3). The lower part of the washer Kl can
optionally also be configured such that the settler Bl
is integrated into the washer X1 and the phases of
liquid streams (5b) and (6) are separated in the washer
(not shown) .

Figure 3 shows the distillative drying of the raffinate
in column K2. The liguid raffinate stream (5) is, or
the 1liquid raffinate stream (5b) and the gasecus
raffinate stream (5a) are, introduced into the upper
part of the distillation column K2. The wvapours (7) of
the column K2 are (partially} condensed (condenser not
shown) and the resulting condensate 1is separated in
vessel B2 into a gas phase (9), a ligquid water phase
(16} and a ligquid organic phase (8). The gas phase (9)
{(principally synthesis gas) and the water phase (10)
are discharged, while the organic phase (8) is recycled
back into the upper part of the column K2. The bottom
product (11) drawn off from column K2 is a wvirtually
anhydrous hydrocarbon mixture, which is sent to the
hydrogenation (in Figure 4).
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Figure 4 shows the hydrogenation of the olefin stream
and the distillative removal of the Cs hydrocarbons. The
olefins in stream (11) are hydrogenated in reactors R1
and R2. (The hydrogen supply to the hydrogenation
reactors and the removal of offgas are not shown in
Figure 4.) The reactor output (13) is fed into the
distilliation column X3. The wvapours (14) of column K3
are condensed (condenser not shown) and the resulting
condensate 1s separated in wvessel B3 into a gas phase
and a 1liguid phase. The gas phase (15} consists
predominantly of hydrogen and is discharged. The liquid
phase consists of virtually pure n-butane. A portion of
liquid phase is drawn off as target product in the form
of stream (16}, while the other portion (17) 1is
conducted as reflux into column K3. The bottom product
(18) obtained comprises small amounts of C; hydrocarbons
and possibly traces of other high boilers.

The examples which follow are intended to illustrate
the invention without restricting the range of
application which is evident from the descripticn and
the claims.

Example 1: Removal of formic acid by alkali extraction

Experimental plant:

The studies of the removal of formic acid traces by
alkali extraction or washing were conducted in a
laboratory experimental plant which consisted
essentially of a metering and extraction unit. The core
of the laboratory plant was the extraction unit in the
form of a jacketed stainless steel reactor of length
1.3 m and diameter 25 mm, which was filled completely
with 3 mm glass beads. In order to improve the mixing
of the organic phase with the agueous sodium hydroxide
solution, the reactor was provided with a c¢irculation
system. The circulation was ensured by a reaction
mixing pump installed upstream of the reactor. The

sodium hydroxide solution as the extraction or washing
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medium wag metered directly into the reaction mixing
pump. For the geparation of the organic and agueous
phaseg downgtream of the reactor, a 2 litre separation
vessel was installed.

The reactant used was a butane/butene mixture
containing 10% by mass of butenes, to which 500 ppm of
formic acid had been added. The starting mixture was
taken from a 30 1 pressure reservoir and passed into
the reactor with a Lewa pump. Just upstream of the
reactor, CO0 was added to the starting mixture from the
line by means of a mass flow meter. Downstream of the
extraction unit, the mixture was passed into a 50 1
product vat. A substream of the mixture was conducted
into the 2 1 separation vessel and analysed.

Experimental procedure:

n-Butane/butene mixture with a formic acid content of
500 ppm was passed through the extraction unit ({(wash
column) at three temperatures, 40, 60 and 80°C, at a
throughput of 650 ml/h from the 30 1 reservolr in the
presence of sgodium hydroxide solution and CO by means

of a reaction pump.

The 25% sodium hydroxide solution used as the wash
medium (70 ml/h) and the CO (500 ml ({(STP)/h) were fed
directly to the reaction pump. After the phase
separation, the organic phase was analysed and the
residual formic acid content was determined. In two
experiments, the H;0 contents in the organic phase were
additionally determined.

The volume ratio of the organic phase to agueous phase
in all experiments wag about 10 to 1.

Regults:
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The results of the experiments regarding formic acid

removal by washing are compiled in Table 1.

Experiment No, 1 2 3 4
Uniit
Reactants:
n-butane/butene mi/h 650 650 650 650
HCOOH in C, HC ppm 500 500 500 500
co ml/h 5C0 500 500 5C0
NaOH (25%) ml/h 70 70 70 70
Temperature e 42 60 70 8¢
Pregsure bar 20 20 20 20
Circulation rate 1l/ha 150 150 150 150
Analysis:
HCOCH rpm < 5 ppm < 5 ppm < 5 ppm | < 10 ppm
pH before 13.0 13.0 13.0 13.0
pH after 12.9 13.0 13.0 13.0
H,0 in ¢4 HC Ppm 50 45 55 60
Table 1: Experimental resultg for removal of formic

acid by means of alkali extraction.

Asg can be inferred from Table 1

the formic

acid

in the

(experiments 1 to 4),

organic phase

is wvirtually

completely removed by the NaOH wash in the temperature

range between 40 and 80°C.

The formic acid contents of

500 ppm in the butane/butene mixture decline after the
wash to residual contents of

of the analysis method used).
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A raffinate III from the applicant's C; line,
addition to the C,

< 5 ppm

paraffins n-butane

(72.3%

{detection limit
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which, in

by mass)




13.0 H20 in C4 HC ppm 50 45 55 60 5 Table 1: Experimental results for removal of formic acid by
means of alkali extraction. As can be inferred from Table 1 (experiments 1 to 4), the formic acid in the
organic phase is virtually 10 completely removed by the NaOH wash in the temperature range
between 40 and’$b . ﬂ)?rqﬁcjp Acid contents ofBOb7pp'm in the buBE/EREAE MiQRTL ¥t cline after
the wash to residual contents of <5 ppm (detection limit of the analysis method used). 15 Example 2:
Hydrogenation GFiEpHEREEHAIHR presdiicd st 181RFE heid#erdd&Rd! forvtheXhiitatts C4 line,
which, in additionate¢hec€4 pakaffirsiadyutarees(73 386 bydnass WA A0 19006 83-fkirmic

-PCT/EP2010/03ZQ3] andiispRutane (.96 by [pash).scontained phout 2/.6% by mass obg butenes,

was admixed with 1005i m of fgrmic acid and then r&gro enated in a labgratory circulatjon reactor.
The catalyst usedrWas Pd-cortiining 8 & hdhed SHigst, HEF814 FromHSegideta con@hing 0.5%
by mass of pallagimmantedluramba 206 thal/h Bl dsdibfant fverw padset over 5 gcobdatalysnagt a

temperature of 46G ang@ m@ggun@fofp@@gap@ﬂegp_oqdiggggg@aLHSV of about 27 11-1. The LHSV
10 (liquid hourlyzscpgc%%v ocit sgrves as a measure of the atalfyst Iogdlng. Ig tf&ea%%r%gfges of the

. rea ere ass O o
experiment, after abou ours, an n-qbuafene COI’]VGI’SIIDOH ofaa ou 8?.1%) %as etermine s the

continuous hydrd§endtiohCBpBRaEd e 86nvéiidh deBféased Pressure of 12 bar,
corresponding to an LHSV of about 27 h''. The LHSV

10 (liquid hourly space velocity) serves as a measure of
the catalyst loading. In the early stages of the
experiment, after about 8 hours, an n-butene conversion
of about 97.1% was determined. As the continuous
hydrogenation continued, the conversion decreased

15 gradually in the first 100 hours. After about 150 hours
of experiment time, a steady state with a conversion of
about 86.7% was attained. These conversion values
remained constant until completion of the experiment
after 500 hours.

20
Example 3: Hydrogenation of n-butenes without £formic
acid
A raffinate III of the same composition as in example 2
but without traces of formic acid was hydrogenated in a

25 laboratory circulation reactor under the same reaction
conditions (same catalyst, throughput, temperature and
pressure) asg in example 2.

Undexr the selected conditions, after a startup phase of
about 50 hours of experiment time, a steady state

30 conversion of 97.8%, <corresponding to a residual
content of n-butenes of 0.6% by mass, was determined.
This high conversion remained constant until completion
of the experiment after 500 hours.

35 A comparison of the n-butene conversions with and
without formic acid in the reactant shows that a
distinct decline in the conversion to a constant value
is detected in the presence of formic acid.
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to a constaht value is detecthd e itve prdsence baforrigacichi YWORO11/000688s¢8, in
-PCT/EP2010/057031 Claigigsk-Pregessfer prapaninglow-odoyr poedane by gatalyigathyon ..
hydrogenating a starting m&gurg},{a %vherec_iir,]:the etaarti?g m(i%%%re cgli_npri%%sé in aidqj/tionwtgnn-butane,
n-butene and carbon monoxuﬁje, 4t Tedst ohe of the Tl owing components: Up to T9% t?y mass of formic
acid, 10- up to 1% by mas$6peRmanais; up to 0.5% by mass of pentanols, b) wherein the starting

mixture is treated within the teppeeatare tapnoeen db ted2aCwilk 84 ,aqueous solution of an alkali
metal hydgoxide 150r alkalipeu%ar%nﬂalg])y%%gge g@tt}gé@ga%@fgntration range from 0.5 to 30% by
' )

mass, c¢) andwhereinthestartingmixtureis subsequentlysubjectedtocatalytic hydrogenation.
- up to 0.5% by mass of pentanols,

b) wherein the starting mixture is treated within
the temperature range from 15 to 120°C with an
aqueous solution of an alkali metal hydroxide

15 or alkaline earth metal hydroxide within the

concentration range from 0.5 to 30% by mass,

c) and wherein the gtarting mixture is
subsequently subjected to catalytic
hydrogenation.

20
2. Process according to Claim 1,

characterized in that

the aqgueous solution is sodium hydroxide solution

within the concentration range from 0.5 to 2.5% by

25 mass.
3. Process according tc Claim 1 or 2,
characterized in that
the treatment with the agqueous sgolution is
30 performed within a pressure range £from 0.5 to
5 MPa.
4. Process according to Claim 1, 2 or 3,
characterized in that
35 the proportion of carbon monoxide in the starting

mixture is 1 to 10 and preferably 2 to 7% by mass.

5. Process according to at least one of the preceding
claims,



20 2.Process according to Claim 1, characterized in that  the aqueous solution is sodium hydroxide
solution within the concentration range from 0.5 to 2.5% by 25mass. 3.Process according to Claim 1 or

2, characterized jn t the treatment with the aqueous solution is 30performed within a pressure
X R e FERAt AR

range from 0.5 t0 rocess according to Clairh 1,2o0r3, ch&fak he proportion
of carbon monoxide in the starting mixtyre is 1 to 10 and preferably 2 to 7% by mass. characterized in
that the starting mixtur& %ﬁﬁ)?l%%gﬂ@(aaodéh Blocess according to at least one of the preceding
claims, characterized if lfigatahe ekiragtiov perforambm emixdrsdtitegamit. Process according to
Claim 6, characterized in that the mixer used is a static mixer. Process according to Claim 6,
characterized in_that the mixer used is a uméa,tegpg%iaq%%ggntcgg%gaépugwé Processdalci_g:gc})rding to at

. rochs aCCOrairnn prece
least one of the preceding claims,
5

claims,
characterized in that
the extraction is performed in a mixer-settler

unit.

10 7. Process according to Claim 6,
characterized in that

the mixer used is a static mixer.

8. Process according to Claim 6,
15 characterized in that
the mixer used igs a pump, especially a centrifugal
pump .

9. Process according to at least one of the preceding
20 claims,
characterized in that
the extraction i1s performed in an extraction

column.

25 10. Process according to at least one of the preceding
claims,
characterized in that
the extracted n-butane/n-butene mixture is drawn
off from the extraction apparatus entirely or
30 partly in liguid form.

11. Process according to at least one of the preceding
claims,
characterized in that
35 the hydrogenation is performed in the liguid phase
over a palladium catalyst within the temperature
range from 20 to 140°C and within the pressure
range from 0.6 to 3 MPa.



characterized in that the extraction is performed in an extraction column. Process according to at least
one of the preceding claims, characterized in that the extracted n-butane/n-butene mixture is drawn off
from the extractj anpPAY eggi ely or partly in liquid form. Process according to at least one of the
preceding claimggcharac?etéjigg |ﬁra that the hydrog"en%?loﬁ is performSSTr? ﬁ?ezﬂgltﬂé %%588 bver a
palladium catalys%within the temperature r,ange from 20.to 140C and within the pressure range from

0.6 to 3 MPa. 12°ProcddeR Hee8rdhiy 1 Stiedstohe bt thE PrécstiTy OhinE THRFSGEA & ®in that

then-butane/n-butenensixeukeéxtractedis dewatered by distillation. Process according to at least one of
Claims 1 to 8, characterizedd that the dydroganation outputis dewatered by distillation. Process
according to at least oq:%of Clahm 1tt8 1@0/ani?a}g(ét§gzed i{g.thg’{l Cg hydroctarbons are removed by
distillation. Process accor%ing {0 at least one of Claims 1 0 11 Ch&racterizetn Wt the %Farting

mixture used is a streaffEHiFEE €4 Ftireforiilahisnant.

13. Process according to at least one of Claims 1 to
8,
characterized in that
10 the hydrogenation output is dewatered by
distillation.

l14. Process according to at least one of Claims 1 to
i0,
15 characterized in that

Cs hydrocarbons are removed by distillation.

15. Process according to at least one of Claims 1 to
11,
20 characterized in that
the starting mixture used is a stream from a C,

hydroformylation plant.



