* ;e3e8445d6LH7f 868T8_k/I~Al ~IInR~ , , z ~m zao~ Process for preparing higher
oxo alcohols from res by two-stage hydrofornylation The

i nvention rel ates \mwm““mmmwm for preparing higher oxo al cohols by

t wo- st age hydr of or ny ? of ol efin wixtures, whicH driitle 2902 ncl udes

sel ective hydrogenati on of the hydrofornylation mxtures. Prior art It is
known t hat higher alcohols, in particular those having from®6 to 25 carbon
atons, can.be prepar d by cat aI yt| C h drofornyl atl on (or 0X0 reagtl on) of

the ol ef i ns BEAG8S of 2
hydr ogenat i (ﬂﬁ)&furté‘_iﬁ@ cta}a,y@&;agagr\d]y@lmn@grg@dﬁ ng reactl on m Xtures.
They are prédom nantlTy used as starting nmaterrals for the preparation of
pl asticizers or detergents. The type of catalyst systemand the optinum
reacti on comhe iionserftaron heelatdssoftos ny | proeasar fodepeageningnhidher

reactivity of th h e of t ereactlwt f_olefins
on their strict urgég%’ggggsﬁbtgg %898%2‘?#%‘?%&%?“% ar:h?%e a%%gﬁflheses

W t h Car bon mibetaniede, Sprwhbeh - Ver pagceBer | i n, lrk@,lctlzetSberg sébectybve, 1980,
pages 95 ff 4 18, ay._i-qg‘ FAGH Vi QMNGG é t}{}q, oneric octenes) i's
i kew se knovvn ( . I-llayrmre, A r{/@grfOHasselltaA ec IJf%’nal s of the New
York Acad. Sci ., 415 (1983)) pages 159-175). Industrl al olefin mxtures
which are ugad s axftarting materials for the oxo synthesis conprise olefin
i soners of the post varied structures havi ng di ffering deqgrees of

branchi ng, ditf 1&¥i KEOHBsithiadn biohere adaehelsondn PaneldblasicubBOSAd, in
sone caseahemm@ ffpgdsmng Ctav("jbw eUEbOnS .atdhs, apahi &% §SRGSdradd ybyofol eLl n
m xtures [ ve be uce rization, trinerization or further
ol i goneri zat‘ia(r)kr“r‘qéﬁ‘ Egd%PgPFﬂ‘é’ 8?‘{8 °’éas‘?’F?/ Feastsimle REghEPeol efi ns
or by ~aAU~-edefirs 1hav1ug 2608 -c&rbmolatgmnerhezatl andof sehsdquérti ns. As
exanpl es of sg,?g xt r by

r hodi um catéﬁtyze #éalg%@{%ﬂ ?gb ta‘f/ﬁ%;iz:xgg hy%?iof%?g&ﬁg ionto

gi ve the coﬂ%@rﬁiﬁ&ﬁﬁg §Pééﬁyéé rﬁ&’t‘@ﬁ’é@sand[‘haﬁ}toﬁme nPR@@@lésnalﬂthdr openes

and tetraprQpeRes sand s@lawtla@esmafttewatlgneio%ndthst r BPEHSPEEiBRY 85
nmentioned. The rate of the gly roformnmyl ati on reaction decreases with

i ncreasi ng QAR ARSI fshsd ‘degree of branching. The reaction

rate of linear olefins can be greater by a factor of 5 to 10 than t hat of

t he branched.,i soners. e.pos n _of . the do bon |n th f|n
nol ecul e al g%’e] ng}gﬂénggg cf‘% i%‘l'étgtl tem @m ki ml%'t r?ff a ndoubl e
bond react rEmdddiipnsor §oragili thﬁanfpmur@a§lhaV|wget I@@p@@dl@h@ bend in the

interior of he P@&@watyB%Qauaee obi1b#endidd&d | ngnkearddatidend bthe olefin
i soners, relativel | ong, r eact Pgﬁges are re |red if it 1s desired to
SS

achi eve t he Gh5st &) l?3fatl 1B8nvEFsi t REHEY IR, However,
as a reSU|t,ddshﬁ:1rb"e1mucﬁoryi&3taiane,dew ans efh e, tnewnsmtledsssdmthacu ons

and secondar). react r tt@g}l are horten
the reacti orﬁ”yeﬁbr%% 16@9?{ éef rgﬁf&g% ti%{earlgit ures. Spe}cllggﬁgyﬁge ause of
the varyi ng Nesac¥ovkiy 1(9f80c hepageserd, fifi. | $hei ffaxying t veachievbyhi gh

conversi on raleg. g g%l gs c?f'l tARC AU e oé@éﬁ%é' Vislyl e iy i known

hydr of or nyl at1"on n mxtures. This ag&)lesm Rgrtlc ar to
si ngl e- st agel Bwldr dfadmaneat i Bns Varc dgsgiedd .t R DEBack 322892181 0%y EBRol s are

prepared by ey W ag@adly dcdf .or malsat (1980, Bued efsnsifgving from 3 to 20
carbon atons. In the first reaction stage, the olefins are converted to the
al dehyde, using a cobalt catalyst, with degrees of conversion of fromb50 to
90~, the formaidstrieil abr@ﬂmSnﬂiedtngesumteﬁaedarEhexswaaéé gahatyaly is then

renoved fﬂNRéég}{g%%ﬂg Eﬁgt$§§ gggtheélg gg%pgggg olefin isomers

of the most varied structures having differing degrees
of branching, differing position of the double bond in
the molecule and, in some cases even differing carbon
numbers. This applies especially to olefin mixtures
which have been produced by dimerization, trimerization
or further oligomerization of C3-Cs olefins or other

easily accessible higher olefins or by
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- 3 this reaction mxture is hydrofornylated again in a second stage using
a cobal t organophosphi ne conpl ex as catalyst. At the sane tine, the

‘al dehyde formed in the first stage i s hydrogenated t,:? tm 2Q%hol. A

di sadvantage in this process is that, particularly it nd

hydr of ormyl ati on stage, a consi derable2part of the olefins is hydrogenated
i nstead of being hydrofornylated. Summary of the inveatioa An object of the
i nvention iSod i PERNEHLaRiBAOCBES &AKAPT BRAFIRAG hi gher Alegohal s from

t he correspondj ng, ol efin m xtures, which process conbines high conversion
rates with BYRHCRL| dSOMFETCesO LRt D | RixBUFepohich oran i Rguirdaarasy hi gh
space-ti nehyjrﬁl dﬁnoah@ri@aeiﬂlyfﬁédt hergf or %f@ﬁé’éﬁlﬁ 0 ao}plr Of%‘b%]l;]@l_ f
preparing higher oxq al.coho ram mi xtures of isoperic olefins having from
5to 24 car%%ﬁag\ﬂ)ﬁ@' b)}“yt‘{lﬁf’éqré@’ Hyfof b mAats oﬁﬂgn GHEF §RIEHAY of a
cobal t cat ahy&éhpderhbdturesataly all cohot! aMaited dsgMmarighiopenrid #id el evat ed
pressure, ich co éri‘ges sele tivelpé h)édro enat i .Lhe first

hydr of or ny| BEF5APEPRGR F eact PBN ni xEdPECC0Ear at i R% RS ogerfftd on

m xture in getrabuténesomaynbe meoteonédohol and | ow boil ers predomni nantly
consisting of olefins, passing these |lowboilers to the second

hydr of ormyl ati on stage, again selecti vel{ hydrogenating the second

hydr of or ny| B¢ orraiegefy e&die ohydrefareylagabn sepactiomg dewreaamsirogenati on
mxture in @;ehShndrdldeahd NEQrBENduREPNUn@Ngi kAW | §E§re¥Ord¢d Ng UP
the crude al cohol , by distillation to pure al cohol1 and_ taking off at | east

some of theP¥IREBHRY er IPCH RHATHAY T 5 uPAt ddNRAN cetebbmg . can be

Advant ageougwatéhe Iexpandedcteact ben wi xidir a9 f EaENboERaby Bof eyl ation
stages are freed fromthe hydr of or P{I ation Pydr ogepation._ catalyst prior

~ Z JUL ~00PLARGhE{ e ISOMENRS - e TRBs PPSHERER AL t k8BS iRdthi®nPaRe dribcess
accordi ng tehéheolefint naleaarl e adabr i £Af buéndas chvhes e r@actddMait.ageousl y,

cont i nuousl 0 rQcess varj.ants ssible for the _contj-nuous

procedure. %‘%eg%%rgl%fﬁng %n Fe%‘lrrpq%el, ?%‘gbggo%?n I aﬁ?%cﬁ#of“aar?(ﬁdélﬁ'tu IS

shown in whiheket heppddresbananspaerar hrwdngutheodiiudeubopd The tdiefin

mxture 2, syptPesis Q@S {ar b Snexi dBeéHQsEydéPg%ﬁel?’ d_?_%cte%tr@ yst 4
e

are introduced ipto the first hydrofqQrnylation reactor 1.

hydr of or nyl 5826h ¥t &Y ur 855 FReexPifddd, ~ LKEMEXSanstEtagadyedyY( udC® s uned
synt hesi s gasactbohakenesf brandethéredpafidéed Wpddelsdr@d &bl arhiledaire 5 is
freed fromcgatal yst .4 i e f] catal renpval st.age 7, ~which
catal yst, i Eﬁgppﬁ?ﬁrtl atée.lu%%I aelrle%%pl r?é‘srslfylgéfeon cbcip‘ferresslh at %Fystt?lel S
recircul at edlebinbe fHowsaverw.dr ssoranyicgsudh, r eee oproduthe yhebdysits freed
hydrof ornyl gLipp, 8kt Hhe &d SuRAnseh | 51 Qe t PEas el BALT URANKWURGRRAL On st age

9 in which the al dehydes and by-products present in the m xture, sSuch as
acetal s of ¥BAChIBRydeeNFAIG ePSCHFSt Hel aRLSFHIRES | ArBartadl &1° t hei r

formates, agRoByéhogetipd ed Hendtioml cehgles. TBg | avididd er S-ebetdlch renoved

fromthe hydrogenaf:l on_m xture 10%111 the distillation 11, which . ow boilers
pr edomi nant F§TESREFYFESt urF ERTTEH 1% omBSCeYS et i RE ardh%r e VA ed i nt o
t he second hgdcbivityl atfi drhe easomerd 3, iitntic whi £hicyht hesi sacidseviel and
catal yst 1 al i ced of, .tshe | i.ler ar g :dibschar ged
as resi duafhiél\?\f bp???’f’gk%gg_&%herﬁ%ﬁgf orar?g/il at isg\r‘}ﬁ{in?’]ﬁnurozls% fr glrﬁ'h;e second
hydr of or nyl aelenatieaties 13ins ithe ur RydxpingeylakdoBxpadsi oplgfing is

taken of f. Hﬁtgfagndeﬂlmdh%qri@_él adh OpaPpiicingrl 7ebs Jikpd fdiyyesat al yst

15 in the second catal yst separation stage 19, which catalyst, again if
appr opr i at eh¥frefosupbrEARREati on, is recirculated to the second
hydr of ormyl ati on reactor 12 JUG Q2 - 5 13, and, as catal yst-depleted

hydr of ormmyl ation_m xture 20, js tr ferred,to the sel ective hydrogenation
o Ther e | Acparaindcivaty 3 dtboand: b « DICORELSWAER EREPEEER YoU- 11 ceq
hydr of or nyl at ka6 -Btayer hydriofermylets ohi oft nondicdfefing alavimg easdmwr 1. The
crude al cohgl 21 taken.off fromthe_ distillation i,s.wor.ked u 0 pure
al cohol in £Gr erca(ﬁbscfr} I?%?I}‘%h g\?ﬂ %ﬁei 51%8"5 §ﬁ(3§%ﬁ.l%n stage, Ruild
olefins are converted to the aldehyde, using a cobalt
catalyst, with degrees of conversion of from 50 to 90%,
the formation of alcohols being supressed. The cobalt

catalyst is then removed from the reaction mixture and



The bl ock di agram of an alternative second continuous 10 process vari ant
ffor carrying out the process according to the invention is shown in Figure
2. The olefin mxture 2, synthesis gas 3 and catal-ly t mmﬁ i ntroduced into
the first hydroformnylation reactor 1. The hydroforn% ‘é i ixture 51is
expanded, the 15 expansion gas 6 is takkrn of f and the expanded

hydr of ornmyl ation m xture is freed fromcatalyst 4 in the first catalyst
renoval stagtis, whachient atipdtyre f iapphydrofvemal atedsyydienedhataon by

fresh cat al dyt fi a];j[&?‘é | gt acfor 1. 20
The cat al ys%gtf:r egcsj i&ﬁ%%ﬂfatl %ﬁb%g}(:t ur%lt Q{ngsse [ n(%r%ﬁt‘%? %r st
sel ective hy@ﬁ@é@ﬁ&tl i st%%eg@‘el Bimpi cﬁhﬁhélﬂe@éﬂiﬁde‘-@mﬁﬂ the tletal s and

esters presegit-s@s byc®§OduglsS, hyaPsgdhstédr the ferdnt es hdihe ajcohols,
are hydrogenated to the aJ cohols. The | ow 25 bpoilers 12 are separated off

fromthe fi P4FaRYANEEIRatiHNRIRt PEOCEFS i hEhREy sPaditdGUlaivonint age 11,
whi ch IovvgI b@hleersﬁedurﬁﬂomyﬁmaﬁémpp@ﬁwﬁ gtagare&ct&qlsfdémre ﬁtnshand
are passed t sec r of or i on _reactor, into .synt hesi s
gas 30 14 af?% gﬁ%ﬁys((?)fﬁ% ‘iﬁe h?sg%?{aFPgﬁf}éE& Tt’ré‘sﬁfﬁrdofd? I%‘F’r m xt ure
17 from t hehy@eofdrimydadiedr.mnyl ati on reactor 13 is in turn expanded) and
expansion gas 18 is taken off. The expanded hydrofornylation m xture 17 is

freed fromcatalyst 15 35 in the second catal yst renoval stage 19, which
cat al yst i nSummaryi ofafheoinventight er suppl enent at i on by fresh catal yst,

cat alyst - dePerad oo o 188 SHVERPLR T LLOBrpSat e Bhodlh o po i

passed i nt opxepagdng chighent ok ya%ﬂﬁhpl'?;elfétqm véhﬁfydfr’@gmdmﬁlm age 22.

The second RydrqeeRAitdy Xtvﬂfl%lﬁ%ﬂo%ésfsacédnﬂfﬁ{é’éj BiyH Norse&rdfon
conparatively snal wl&*}sthl latio ta. e 24 into paraffin-rich lowpoilers
f

16, whi ch aFét€ske ¥R & S 25 0hi cAM saﬁ%geﬂnzo the first
distill ati odistdgeulishadd biys htily@r epdlc&t-lthinedyﬁegdtsher with the first

hydr ogenati on m xture 10. The crude alcohol 21 is in turn worked up to pure
al cohol in a further distillation which is not shown. An essenti al

di fference mhteweermvtelmé:iiom phegefone oomsdwtes | $a hat awosrelsig fer Figure 1
onl'y one seﬁe@e 2 ydro o fdx%n a%dc%oqrsovléxdﬁ:d m&ewe@ aéﬁel HMeric

cat al yst -de l atign m Xt ures and 20 are rogenat ed, and
only one di SEfizs; Jh"“é]tréﬁg ami g {9 ctf tﬁ%rlﬁ9’élr BgeRma&t Fh W%iﬁ%gqo i's
separ ated, weheFdragdaitdiong {0 Fthaubredenke &ﬂCOﬁd dopdnef ofdad Byston

m xture 20 isS h 8 ggenatced |g¥a second sel ECECt vg drogenatl on.22 and the
hydr ogenat i 8% miROAFEM sCRERLYSE ocit n SF VRS GPQPEFRRbT Bn 02 D4, The
vari ant accelievgtied Fi gpresutms hi ghechcapiqoaiprd@ass bexeleetndefly i onal ,
but conpar ag P(Yi‘ijo&e%'g%lllngaﬁﬂ%r %li%eérgf Jf&k‘fﬁjlea(hdrﬂ NS&i¢efon t he

olefinis e substantially utilize si_.nce th boilers 16 according
to Figure 2mdpdud@al | SEPRyakdant i thet hBHdFﬂgepé??leBl | BEXtYBe actBr dfing to

Figure 1 ang;jad1i1ataddi ti oAcsubsé A al landora of apkef i 1Gw- wﬂ@a@ t he

| ow- boi lers 16 accordl r]% to Fi, ure 1 il 'eeff?{g“ se consuﬁgeﬁrﬁ anount s of
ol efi ns. Hy &FECETHA n ¢ r‘?gft 104 s BHIS e ¥yl ati on
are m xtur efbo(iflemsnonbef the fmauargifmmr‘bfmn@#lamablmonsaagas aangbimterm nal
or m ddl e- p05| tiqQn d n su
> et hyl - 1 BeadLvELY HBYd88RACind ThE® shoells RIS arien,
(di propene) spcraghlcedrearcti@ di meikeareon oﬁgpnOpeneSEPalﬁa:J,nwL 2062
1-heptene, 4 g’é S%J 11119«%?:‘%6 ?‘1 ogt ea§st5fﬂ§at§8ﬂeriﬁtg8 oLeden
Xt en produc

m xture (diDb ed In |rrer|zat|on ut enes - tene
1-nonene, 2algoinegdng QWObpéﬂ\erSt havordgmsr | wp chbs| emusian &%%‘P ol

(tri propene)bgprda@tqqq‘aiﬂdrha;d e | Zdd L Afnd -t IeReNEoFA-at 21ef8t
3-decene

t hyl - 1- oct t he isqne Cl2 olefin mxture
(tetrapr opeROmst tP?but'ﬁh’é) &PUCI E’égeFﬁ th"eotetdrla‘t"r?k‘talrﬂﬁl oﬁaB‘f‘rﬁFﬁéene or
the trinmerizgid@tadbdug.enes, 1l-tetradecene, 1- or 2-hexadecene, Cl6 olefin
m xtures (tetrabutene) produced in the tetranerization of butenes, and
ol efin m xtures prepared by cooligonerization of ol efins having different
car bon nunbexdrareefesnedllyy, 2 the 4pxpahdegdpr opacttieonaf nértuepar afrog of f by
distillation, ﬁgﬂ%ﬁ%f&?? yAcLO8Nt Faledl SIl | Ak -EBRDOMEUATOCEn

Preferred star terrals are Cl2 or Cl6 olefin m xtures .



The invention does not lie in the type or the conditions of the
hydrofornmylation in the two stages. The ol efins are rather hydrofornyl at ed
in a manner known per se. Rhodium catal ysts or prefpga@bx }n bot h st ages
cobalt catalysts are therefore enployed, with or wtho 0&2

conpl ex-stabi lizing additions, such as %r@anic phosphi nes or phosphites.
The tenperatures and the pressures can vary within broad ranges, depending
on cat al yst hywdlaodloafiyd afilenur ecatShhgett hemione react ithe ol sélestieact
preferentiah&ﬁgd&éﬂy%ighnst stage, in the second hydrofornyl ation stage,
expedi ently, "noré energetic reaction conditions with respect to
tenperature, anount of catalyst etc. are established. For a given olefin
m xture, theepRirMiBtion0dd thensnkentils two hydrofornyl ati on stages may be
est abli shed without difficult experinment. A description of the

by .
hydr of or ny| FCorPTACHTf ACOFLIRTVvER, ¥R LRUAPLEon| gan ey grrriedy

Synt heses whift wmmm,d%d@simmy,awoﬁeiﬂ@é@ﬂg: Neyw YOk, 1980,
pages 99 ff., and in Kirk-Qthner, Enc%cl Oﬁﬁdi a of Chem cal Technol ogy, 12
JUL 2002 _ BFOSGSSund’®ra%th ot Ei oRCSSaRMewW IT&F & Qifnis, COREERUYH919

(1996) . Cepaoalddpret.he IhydFabarey! at,i oasi sanar ekadpds | théhebIsdlst st age

in such a fr t:Q. 90~ r bl.y from60 to 85~ .of the fed
olefin m x?@ge%gfgwg);ctaegﬂa%%vi'%'usﬁqilcfwfhle ﬁéflglrco%/ot-rl?@l%{?% 55 ol?% and the
ot her appar geagdedhuseube deenighrerustyr di Wley. Fhefdegr ewivtuerdersion of
Lhe of efi ns ik el ' ghshy e LLBOAY I RUAGK: & 28hd S HiREYeRh 03! Culdie
desired valuée by altering the hydrofornylation reaction~conditions

appropri at elcptagysde| ecti ng ar®wer ABhkEPPBAReHenpekni@r es thed/ orfegtal yst

concentrat i pRRAryFbraAGkeon esikdaaesrt i MeS, tHReO! ehiBrEPOMRyFAOIbLate in
the reactor cGan be creased. %ehcg dgﬂree of cqnversion_of the olefins in
f

the first r83KHS & d&f PR & GXOPOSIPT: €A% R uhENeIREWRbosi ti on
of the freshyelttfdsism xgaske 2 iand ahkiehe aoPfint @l cehROSiéxpahdddt he

hydr of or myl at j ] re . | : de o] nver.si-Qn..i s, det erm ned
on the basi g&%ﬁ?ﬁyégﬁﬁtgnam&c%%ﬁtf%nggggfihfgr%&es% tc?llgfs’ltn%mlxrf ure 2
and of the &hsurfiizgid VoSt i bemeyval hetapscHar géd drowwddlivats (16

according t f i G8S ) 1sng, t i s 4idh the
Qddeialdtd aftleds supk IR e aledi %%@é}}%d_i%a e st

various nass Streanms, gaschropat ograpi c. anal ysi's can, be

removal The OfFdf t‘?cbntPSac’%i’E#F nh)(@ﬁ?ggr‘a)’%?té@nnﬁﬂaic&ﬁw bbove,
expedi ent | y g ddtia fysted deedminainl fitatmy lagdion iniecumnreri kKnsassqer se. | f
a cobalt cat.altyst Mas uie((:jt.thi?1 an be gchi evg:id bey pressune e ligti on,
separating Gffra helaqtebusttur alySE OFRRas 208 i%hadSg” witth “AFor iy gen the
cobalt car baidelpywigsoundt bermroduets npresehydiof dihey Imitxitonreyi x¢uste and
extracting Lhe desulild R a3hald) RN dnat ddv 8 &6¢ OFn@WEMIB S J.

Decobal ting processes are | known, see, for exanp | oc.
cit., 164, iss p@pscular rthejirrdommadasys)arki bxdeparaptefoto dihe and
EP-0 858 90511&011(?]1;5 a rm@dh iﬁagcbgﬁauﬁ?é sgpvedras hyﬂwég_r nfhﬁ\i afheat al _yzt,
it can be renmoyved fraom the .hydrofao Lation nj.xtur s dis tiqn residue
by neans of ?Mﬂﬁ%%ﬁ“t 1@\9a;5‘31%"t‘1r0%.{wl?h§‘?‘6r glé;rtrlé@a%dt?ﬁ tHC’at%I’Vg?s wer e
used, the filrosd-Hoidreafso pnddamioardtlagecoresicit anf ninet eaeised r soidxr om
catal yst conprli dep, i ng t he  degree of conyersi general ly 8-45~
by wei ght, %aq%]%ys 15- 35~ bya\%gi ghtc%?&f(gtv&cgoi I glrﬁséghavicknrhge a I%?A%?n%oi ling
poi nt than tysizdiempded iopr i reapedty 13l efinke whighdisvindhedies gas
corr espondi sahyr 1Rxqr ofgar Rans ARdJget h ;O ition
30- 80~ by V\gfkghfahgf %fle%eh%des, 5?30~ ﬁggefvei gﬁ{r of ,aeliaéoho s,é G’E_t‘?qgim by
wei ght of f dravtResi kars b2 aPEShILSERFERE- 85 Fesaciut bewhbghbeFsers
Pyl of or myl St o e B Al 1 v 10 A0y e
ydrof ornyl ati on stage reaction m xturges, .genera - 40~ wei :
iually 15 SRR oRRARCio  FOaEbor ors, Shcthal TR 0 S3PaRaEhahd rmany
saturat ed hydfeassivns gag waler ahs netdleswl , ofif .addirhieon 8Rpadfidedy wei ght
of al dehyde -40~ h i ght of alcohgls, u 1Q~ i.ght of.formates
of these al dbr et nRefEr 1t Sn ohebdnl EroM ARAYE T Ther
boi | i ng poi ritn t Hae t secaindohebsadyvett herppresénon. btaghodh8m cebitlsts were
used, the r | 1 X : ] asikder I I nd
%facéecéiﬁ{};t!? éHé?ﬁ %Wéb?ﬁoﬁ?ﬁ!?hg ,aaé}!%ry S8ppRamahthe ox?he

formates. Se e hydrogenati on e selective drogénation o

reaction m xtr ESCiFent deed H9dFHQN§ﬁH%RqcﬁW@%%ﬁ%%Tygﬁﬁéﬂmeﬁ???t?Feed f xom
catalyst, is an essential feature of the process according to the

invention. As a result, the aldehydes and certain acconpanyi ng subst ances,

i ncl udi ng acetal s



~.2 JUL 2002 - 10 of the al dehydes and esters of the al cohols and of
t.these, in particular, the fornmates, are hydrogenated to the desired
al cohols. In the course of this the unreacted ol g {2 j not hydr ogenat ed
or are virtually not hydrogenated, so that high yiél Bl 2d on the olefin
m xtures used are achi eved. Less thanm 5%0of the ol efins used are |ost due
to hydrogenation to the saturated hydrocarbons. Sel ective hydrogenati on of
hydr of or nyl a8i. orand xt &$ esaite liyisé —sigpjlettedreiydro tfrmyika tierpenitkigr pat ent
appl T cati onzQ 168 2aRliertm YO AL THLALE O E RGN K LS0 Al e

SO rogen at "ele

according to thi's) hydrogenated by mean vat ed
t enper at ur eThRaeat i8] drail gatdstame f&fﬂ-’é@%‘%ﬂﬁkﬁd eepgetthey switini the

conprises, @atadik¥e FEeRBoNeRid:o fEHAat ¥ Kahiand-Lchrm gppn, Prefierred
catal ysts of thls,htyéﬁd)fﬁﬁlqre leu orted cataly its whi ch conprise, as active

conponent s, fdgffe oI} FRAMEPRT LonThen cdade @leohstl 12Bm 0.3 to

15% by wei ghtakeehbcfm ot tale:@icsmmrla;ulcah af1 fisnrw&@efa tu.%) 36% @JYeWG' ght
and an al kalh g np%nen d%’ic ent,rat f from 01 to . 6% by
wei ght, adv& F&E@ udhy 2 tﬂa 1R W lﬁ dshneks&h 8&’§‘ed on the
supported catal yst. Anot her advant ageous supported cat al yst conpri ses
copper, nic r n e,sPg ified, anoun o_al kal i metal
conmponent . éw °t a doecqgugg%g?a}gubgancesigree:natlvﬁarst SR CO%HI?%%‘ﬁsdl oxi de
and al ub8 nuprogiess. VRrdiantoufes sprryingdoate thes gk aressheacadadisg whi ch
i's prepared.as écri,geﬂmple&gw ;and gRasmNot Y éjﬁ?@ Ledu
hydr ogenat i (t):n Q e al dehydes |nlt es rggct?%neén;i e52 ofJEEg APEH}?
hydr of or myl H‘PP‘GH’T& ades a?lénﬂﬂe%aﬁh gase @dr%@@na?é&aﬂwsthe%or@%%pondl ng

al cohol s i njaghkpdaeedhyditegennki o sdt20Ry8F6PoYny Na PO ERgiaR At £S greater
t han 98% at sel ecéﬁcéé ’%&%@’e" eater ,t han 99% - 11 - 12 ,SUL 2002 The
esters and A&t alyy ¢ RonPeXFEe nto the d&xpeadesi condr®. The
startingsol @B{pa&sﬁ_bﬁse@as n 6heigi xtuaken enaffH Sahfdr i Yhegl ye)&yaxi@édf or the
nost part unchanged I g ef rr p rted cat , under
conpar abl e 2’3‘%&&? ﬁa‘:?%% hr}"ydxh"eul.eénatg vgg?gélal I%% an?tl;af];f%/ve y 1

ol efi ni ¢ dotiblee fimst ma@latsrylmczvehasteee 01326116?14 EalyHte 1f

hydr ogenat i aglF-egd 1rén{égﬁ:gtq\g-rpr Sgyf bej ow 30 bar
and at hi ghgl B cgrtg:art?% ﬁﬂé %‘Igd cat a}?éSt (%’S nées}{ g&lct%{]ly;sfe d:eistrl but ed

hormgeneousP—’V‘anCPI]tétSSlre%Oof: § gt F%F?ﬁ‘?‘y ?teﬂ‘?l EREELPK its edge
zones. 20 thaef Qfartejlyem;rem ammﬁ)m@jnﬂum infixtade 8 Mhigdssedpri ses

t he conponent he of I voI Uoe _ex edlently
roughly cor rle’i:ﬁon'dfs] to’% tlsn%saé%e&ego?lid\?é%um%% § hé sﬂﬁpo?t materi al .

As copper swlhusz,h tihek et 1 datiydemnand htbei amesallss ausl citEnsstppEseEt sor, use
| s advant aggausky, Bgeaueftst h0§ﬁ wﬁaeeleﬁﬁafonvﬁéteﬁo%abeét | &g %\fﬁgaOX' des,

such as nitrates and acetates. the catalyst 1s.to contain an

netal conpoRdFCholdgi s %M E‘é(di’fr?ﬂreé‘&ﬁ@é’d tdgdtReralfero iy ofhEM 19wt he form
of OIal kai).!'rs] Mpodll egr ongize O%réLkaéépdE&itadrz]d di Qifrforratff:oml N gRé&ti cEi@st as ]
sodi um chr opat.e or ium di,chr omat The alt _concentration in the
sol ution deﬁﬂ&?ggﬁ ﬁé’ndegﬁl?%ar@onggnt M8t :Tgﬁ Efﬁ%tre Jp%tc’ti L tFhponent
in the fini shadecalhl ys«hlcThelnwt-bbliats sp]fe.domnmarstlyhenoapnajzeobbnto t he
non- pr eheat ed su [P I o) r etrates
into the po}lélgetaﬁgggo g%%n%rll%l ]15‘5“15t q}dn a%déenfftdo %’He dég%ﬁplr%ed to
have a cat aWdrmomyeGﬁﬂ@ﬁem%amléhléne JG‘FtFQCWbGIChn Slymh@@g@ mﬁas of a
porous 9 a,30r e, 'eéétgwetfrefssuwt male | ahntw&ueeaa'

solution can be sprayed gnto the, preheated support nat er| al and the support
materi al camyeroferTWaation: ed BiXEWEet he Wpr ayfFef sothgat t¥rcoRd er

evapor ates adrofbmy¥atdch réder6At aAlsysis CAMPOREHE S expankieyed &s&entl ally
on the surface of .the sug ort terlal After t cata st co opepnts are

appl i ed, thEXPRSiPY s § bot?'n sai tftyfeket e Ofci nea $di ng on
the catal ysthy@reforiglatdec eatede t 27t dnpefaéed eSrom mzaﬁ@;@.t assa result

of which_the c Iyst C s .are conv. rted xi di ¢ The
cat al ys?sl s %3%‘6? ec‘(fué’éfwaf%a% i oléee“hméaflesal %qd&og@ﬁ]a% oTt ?%ﬁ’ber at ur es.
The reducti dm cancrbe prépprepriase after theprdamentsition grneptreshor
expedi ently %‘11 y%l I i n ié"e hyggmﬁeggiéggdr eacttg,r Thg,fatal ystsnare

S

advant ageou formin a low resistance_to fl ow,
e.g. in the w&nﬂf@frnyﬂer%%s TeRFFRY s 13y éwépeoe%oaﬁeelg%hdeele%@ets
cylinders or rings. They are expediently activated prior to use by heating
in a hydrogen stream e.g. at said hydrogenation tenperatures, if they have
not been reduced in the reactor.



The hydrogenation can be carried out continuously or batchw se and either
i.n the gas phase or in the liquid phase. Hydrogenation in the |liquid phase

is preferred, since the gas-phase process requires 2 BhEh@ ener gy
consunption, because of the necessary circulation 1) 'gas vol unes. In

addi tion there is the fact that evaporating al dehydes having an increasing
car bon nunber %ur res nore and nore energy, and, in addition, the starting
material | ohlzﬁiﬁg pramyRatieau drioixms 2Qecrmspassed thato aagasemua@e

process in &Bﬁpseselotelgl dahydes skavicRava @y @paqéttg@féngl’s%ab%f 3pan about
8 makes it scarcel% o;}sr le stil] to carry ‘out The overall process

econoni cal | Yhevgs W%%t’gl%'é‘hr%ezéelléctf&?qwrtaﬁ@q i #ui dphase
hydr ogenat i ene Istec&ﬁtﬁ,becemparedloattyatbmatI@ﬁétﬂpét%ﬁt Rlale 24

n s o1 ngl eLbERoBasAttia e dshodBN Batiens Al WCH Ars ER R IOR S,
expedi ent | yahdbecredet aalgoluzh 125 owhnehedladlpﬂinﬁed:altloy thevifivet |y

i sot her nal I&lgf:l?rjgg]ggﬂ bsetal%&erﬂeg %d ﬁakhgﬁggﬁ&gg&&b&a ot her vr rt ual l'y

i sot her mal | 0SSi b
hydr of or ny!l mtbn ehet uFBBSt n Y&'Cbtm@ﬂlqmsmlmtumet hapr od‘nhe rmy@ér ng. The

(Fricki o {1 ahfBn0RcIaY b Dnc bi r@&ﬁk‘t ol B e, L BoBol (a1 €.,
the inter esfueflhérhﬂ@ﬁtéé&ééltmn’e’hyp | s tlhé sbawners are pr ef erably

operated with high liquid flowrates of 5-100 n8, in particular 15-50 n8
per nz of cross section of the ty reactor and hour. |If a reactor is

oper at ed i sBRherdRfGRFLHY | ﬂlgfggglér?@ht hetyeen nethe quitfohorscesce
velocity (Lpphredakees tan tieabetawsirdiny and 1@ijute plef&ﬁﬂal Yot ween

0.5 and 5 h- hyd tion.is d out at
an over al | PPLESHRE=oPYAFSRIANT ol A D Shiata oM 7 §%ng 26
bar. The gaSaphayethyldpégendt|hmdmftom:sbatbeomanrmmm 8t ander20
pressures, %EthBEBS\%BQ'E@B”Q g 068342 lond2 S 1 \4q 1! Lihrirailmgh%&rag%ctf ©n

hydr t ase, are

tenperatures, in‘the case of ogedations in i qui
general | y behiebn the arfy SRS Nt by (PR EFe beﬂ-ﬁ/eer4514CFQ1?ﬂ:ra1

Separation gfet-hashydrogemedign &bureSFbquéstl ol at'i eﬁeAftesrec!ct}t%a
hydr ogenat i

di,still at
manner kno BEPQEE‘T‘S’EB&/&% Bigt ﬁ&gs m@‘yﬁo&?&aﬁggdl% :?dlfgefclé)‘trbt: (r:]h
| owboi | ers peédommant Ilwd:mgﬂnestacm ef RBs ardir nthddi thyedhrapinsatatad
hydrocarbongs , fGeQ Jsn b B Gnla Hikdy Q1A Whye 24.

hydrof ornyl ation stages are starting materi al e Sec
hydr of or ny| Eheorvaxiapt Recoringpreeeddonvae adt hah?ov\bwhersmlcﬁa]t hese

| ow boi | er scgsesdi Yeltanard, sd@aiteénde CBﬁﬁenchﬂab'aQBtﬁfvetlE}e I E1
sat urated hydrocarbons produ ogenat i on

ol efins in PRE2RGGPSES A%t Fﬁﬂu%¥ﬁges s &Ippe rt%a%i'P%'ccEBFatfHee%ét/e of at
nmost 60%$. | fst heye osebstaatnamlyaannrldrzmgl t os fqelr ehé m& 51 tdwes

I boi | d d
nydr of or my 381 Gostaiad o rRabbele S BN EEE BEE R Mhited s o
conpar at i vethesndw-baoitens | a6 facrardimaf cheFJ@mmdldrandl haei oim The
hydr ogenat i gRqgt 1bHf eSuBLEAEREI B! Vel ide ed1kihgducaflopiess e © 0. at

an absol ute préessure o e cru f-cohol i s produced
as bottom piedubpiilgrehel®li fiqqaratingn &an Howks kdd ﬁﬁllb pml@%ﬂ%hol ina

convent i onaARRABKabBY edhfbuhltat beNo1&gnaxanpl es bel ow are to describe the
invention further, but not to restrict its field of application which is

gi ven by the patent clainms. Exanple 1 (Conparison exanple) Nonanols by
si ngl e- st agayaydformyllgyiahn on of di-nbutene

The starting materials for the hydroformylation are
mixtures of monoolefins having from 5 to 24 carbon
atoms and a terminal or middle-position C-C double
bond, such as 1- or 2-pentene, 2-methyl-l-butene, 1-,
2- or 3-hexene, the isomeric Cg olefin mixture
(dipropene) produced in the dimerization of propene,



In a 5 1 high-pressure autoclave which was equi pped with an agitator and

el ectrical heating, 2000 g of di-n-butene (conposjtion in Table 1, col umm
2) were hydroformylated in the presence of a cobait? ddt a2ffet at 185C and a
synt hesi s gas pressure kept constant at 280 bar. The synthesis gas

conpri sed 50~ by vol une of CO and 50~ b¥ vol une of H2. To prepare the
cobalt hydri docarbonyls, e.g. HCo(CO 4, serving as catal yst, as catal yst
precursor, Oshepaenepde Df aoraqlemethydbdl-heaeeieqt e ISQdtddry), Cophai ni ng 1~

by wei ght of, . e cob e oluftaon was {reated wi.th sypthesis
gas, wWith stlls%er]f-gmf o(?“ 7gjhéfa€ﬁl %% %& Z%ﬂ%tf’?n tBF‘)gBS?iﬂngmt v&%‘%om

t enper at ur edamerdgpdiononoft heutees: chrlbeptydrse f orlvednemes t Ransberred to
t he organi cqp A i jon with di-p-buten Af ¢ L enmoyi t he
aqueous phageﬁé?ﬁgi 1%%}%@1—:1@02%%_”?158{}.3%&' ogjded Ov% lncobﬁa{l )gg%ﬁgbonyl S
havi ng a coldt&iprepeped219dpdnsiaght ofn Co thal cutaimertzamionl ) ofs

hydr of or nyl at ggopager, t he- abovenengioned JRagtd on QQQEIII“T(i_Q{I_SOéQéné’ hour s.
After cooling tg roomtenperature, the reaction mxture was enptied,

depr essur i z&d9oFe6RPEne autBRl avel $ARPTi®ed Crom cOBgEdNcat ARYXELES

treat nent wi(tltr¥épsopengt h aseti Cc tadihtand)ai ' Btod@déed 2484y of tdgcobal t ed
hydr of ormyl ati on_m xture were obtai ned, which re_apal yzed by gas

chr omat ogragﬁﬁra*f*ﬁé'ltzgg‘&f)f’s 8fe ProPsge no?anggz,tEb’f“ﬁ Z?Flé@co‘?gﬁ ng to
these, a di batleunesne arptarsierenat elef 2. 3%hewadecdneyed,AtoBefEhectivity
of product of: 0 7..9% IV t 1o a vield of product of value of
81. 1k basedg‘f&ﬁ:\é |Eé%-b t-tegcnre"iglﬂgst‘ée. Pr@dﬁ% cs:egf Wal U V\‘é?relp%lg?fg}ﬁ%?%%nto be C9
al dehydes, 6% al dottenesand @Ersb) norhe £ iror matizsturesnpl pr&oadosanol sy by
two-stage h f:ar L = 1 sé PO ‘ i gk re | ave

whi ch was eég’?qﬁgg%kﬁ%bggog i‘tggt o‘% an %I glcaS’r_JiJné;I gggg%?‘%éu Zﬁgﬁggﬁof

di - n- but ene §si t<P§ﬁfPﬁa%&m e21, teol ddm 2} fwereProRF bite maBEed in t he
presence of s@g&%&'ihgcatm’ﬂﬂs'fbﬁt_ 479€i and oY NLRRY S AT IS Ur & kKept
constant at ,280 har. The s%gt esi s ggs agai n comprised 50% bé’ vo] une of CO
and 50% by YOERFECEE 1 SHRLL3DaFRrRRParY P Fas Hr BN B&@npl e 1
and transf emaeertialsharei Cg; b0i e, dheCpondeftinamignuekst he catal yst was
0.019% by wei ght of Co, based on the di-n-butene. The di-n-butene | oaded
with cobalt carbonyls was hydrofornyl ated under the abovenentioned reaction
condi ti ons ffbe 2 imygnd-iomhe daRF of @Pty| difonini xthee Wwape r e filfn cobal t

catal yst asdomadtahlse di  thes deff&afgmlaastiio@ﬁ 89| eheonwiaSsEsgeat ed three
ti mes under the EE .conditions. The hydrofornylation , 1 2 JUL 2002 - 16
m xtures wel8ScoRbPAERSarRE? rEHREN Sivaunfagdiatecat dPyst. MMRReHr oduced

9412 g of r gackwnopal xédl € Rhbdimhath idleyTpesi prefiespabti/f iied beocHabl e 2,
colum 3, acgordin Iy s) di 0= e conversion rate of 67.6
was then achi %5’ %tO%%lggl%&adllﬁtsﬁ f‘:-jlgfre ptf o%tgegoel([)% ef/i“&?quoé’ ot @”41.%,?1@

equi val ent wd thopte|eprarl g3-witiakei bz ing uadditéone, ksbabedsoroxgamidut ene

used. Pr Odug sPhitlsie oper 8nagphi teansi eapedebhipbea E9rak dehydesyndy
al cohol s and (iso)nonyl fornmates. anpl.e 3 Nonanol s by two-stage

hydr of or nay PXESENTES)eAR t ¥§&Y750btRiRs huead «L2Rges nependingo®Exanpl e 2
were sel ect ich@lall yiddr agenated in tixetestl | Finde t tige OhirensréfcEive t he

product of valye C9 _al cohol . The hydr.agenatign carried ouf batchwi se in
the Iiquid é&rﬁsn rg ?rﬁﬁe&qr%é’ 1%5’%‘?1?%%&?th9&%5€1?% in the
presence of sacomdor hgdrofivainydttdont ai sBitagel?2. lekyedbegblypf Guord. 0~ by

wei ght of N__and al um nym gxi de_as su‘%_por

material . THESEHS &gct eg)écﬁ\gg t%??tsn %rcglf%q:nlocﬁssti Y& of FFEPTD bo‘lt‘?ers from
t he product serperaltmeeandandenti gifbctdteakyst optthe anedr egenlal isivedi xt ure.
For a given olefin mixture, the optimum conditions for
the two hydroformylation stages may be established
without difficulty by experiment. A description of the
hydroformylation of olefins is given, for example, in
J. Falbe, New Syntheses with Carbon Monoxide, Springer-
Verlag, Heidelberg-New York, 1980, pages 99 ff., and in
Kirk-Othmer, Encyclopedia of Chemical Technology,



The | ow boiler fraction, according to GC analysis, conprised, in addition
t.o 98..5 by wei ght of hydrocarbons of which 87.9 by weight were CB ol efins,
around 1.5~ by wei ght of nethanol which had been fornmed by hydrogenation of
(iso)nonyl formates. The distribution of isoners §)t j somer m xture
is listed in Table 1, colum 3. In conphrison with the fresh di-n-butene
contai ning 23~ by wei ght of dinmethyl hexenes, this CB isonmeric mxture

contai ni ng véiubxye ugi, ghttciof edi tbhy| bexanasi xarg i seds¢onsddtay abby- gr eat er
amount s of Hﬂﬁs&i ﬁ?j reactive CB isoners. 12 JUL 2002 - 17 2000 g of

this Ce ole 43 m xture enriched with di nethyl hexenes and conpri si ng
10.6 by weight of C8 paraffins were hydrofornylated in a 5 1 autoclave in

the presencg.gh, 219 alghgaﬁgéﬁégo%ﬁyigg ggnrl &effféci)egyke l'?-f(aﬁ?' e 1 at

185C and a synthesis gas pre Agai'n ‘a syn Si's
cont ai ni ng §0xsky eageEe igf S0chndasarmeolthat ofrol il usedQOSN a

cobal t_cont goLralo8193% b W) O adis ek Qrhd NP ALATA M ey LN s

m xture was™ hydr of or%bat ed for hours at a synthesis gas pressure which
was kept corspgked-T Ml@dm&@mﬂmléxgaﬂdfé@réndamdeed from

cobal t CataEKéto%ﬁe@eﬁﬁbeﬁ@u%%sEﬁ%@E|%eldeghbﬁeﬁrggﬁ8§a1%6§§ g of a

decobal ted hydrofornylation m xture whose conposition according to GC
analysis is given in Table 2, colum 4. According to this, a C$ olefin
conversi on Thke dxfgzﬂée oA dankieieth abf athel Qﬁtéﬂli'rts/ iaQr tMeOdﬂi?i-s@f val ue

of 83.0k eq n |eId of product 8k based

di - n- buteneﬂyé t %F"%g s Bt SYaP e b\%rget,sgzﬁfs]l 3'—9#32(1% g% Cgé)?ﬁﬁ’é% des, 9
al cohol s anda(tueo) nbyiy | athreuaim ItiheExahpﬂeoﬂprmglatmn hyxkadtoiery| at i on
stage, and [ a f ess
according to gﬁg ?’n\?}gntl e congif gwé%ieé&g“ﬁ gt&é’egs ]F%% %%%?all

ol efin convéemp@ﬁaﬁl&ﬂ-‘ésoﬁ@?'or G- ad s te\FétI)C%tt@tsl@lr@ctanﬂ tshéokepr oduct

of value of gélé@n%@w ¥ahest tené tofedinyi %Jdi')v%frsHBgdUEEth YAl ugnof 88.8k
based on olefin mxture used. In conparison_w th the single-stage

hydr of or ny| &ERE6&°Ec SR Pg fiGCEﬁ&ﬁﬁFle fhe (flegre PﬁeFé’FWreé’S&t‘Pq m¥ ease in
the yield othpr iy ingl uheb)fla:fs(tunféaﬁztﬂﬂf cesit dgeepmiiAbd. on -the 2 ~m 202

Table 1 Distributiqgn 1S int feed .ol 123Ce
i soner sdi - E’Sﬁtlcgnc’% t% |ng eaHaSll ‘%}E es onf ag}?e tereDSh Oefe%t
olefin m xt mnettsm’&rﬁ ng?llwht elfl ache amount and ComPOSltlon of the

hydroformylation mixture 5. The overall degree of
conversion is determined on the basis of the amount and
composition of the fresh olefin mixture 2 and of the
amount and composition of the discharged low-boilers
(16 according to the both figures). To determine the
olefin contents in the various mass streams, gas-
chromatograpic analysis can be employed.

Catalyst removal

The hydroformylation reaction mixtures are, as
mentioned above, expediently firstly freed from
catalyst, again in a manner known per se. If a cobalt
catalyst was used, this can be achieved by pressure
reduction, separating off the agueous catalyst phase,
oxidizing with air or oxygen the cobalt carbonyl
compounds remaining in the hydroformylation mixture and
extracting the resulting cobalt compounds with water or
aqueous acid. Decobalting processes are well known,
see, for example, J. Falbe, loc. cit., 164, 165 (BASF



Exanpl e 3 (~ by wei ght)Di net hyl hexenes23443- Met hyl hept enes6251n- Oct enes155
Tabl e <2 Conposition of hydroformnylation m xtures 1234Conposition accordi ng
to GC anal ysi sExanpl e *1 ($ by weight)Exanple 2 ($ by wei ght)Example 3 (~ by
wei ght) Ce ol efi ns6. 227. 47. 0C8

par af fi ns3. 32. 44. 5| sononanal s55. 148. 7/5P. 2Est ers/"i%om;-n)zlunz

format es4. 52. 08. 8l sononanol s23. 918. 518. 8Resi due7. 01. 09. 8 1 2 JUuL 2002 -

19 1. A preesseskpr Higfarotigndr ghebcox -t CORAS £b-0oN &8 (K tay = Sa Of

i soreric ol efins ha\i_lﬁr%gfromS to 24 carbon atons S}é{év\o-sta e .
hydr of or nyl &fi off i F B eserftiROYrda 865X c @l LB AA At al yst
at el evat edcheapesat uriee amah abeelmanadveetl pfesmuthe Coydrd Somgrl £t (e

sel ectivel v, hyg;egenal | A { PACLLEN oihes P ALARY B udeferfy! ating

evaporation.

If the preferred cobalt catalysts were used, the first
hydroformylation stage reaction mixtures freed from
catalyst comprise, depending on the degree of
conversion, generally 8-45% by weight, usually 15-35%
by weight of low-boilers having a lower boiling point
than the aldehydes, principally olefins, in addition
the corresponding saturated hydrocarbons and water and
methanol; in addition 30-80% by weight of aldehydes,
5-30% by weight of alcohols, up to 10% by weight of
formates of the alcohols and 0.5-5% by weight of high-
boilers having a higher boiling point than the
alcohols.

In the second hydroformylation stage reaction mixtures,
generally 10-40% by weight, usually 15-30% by weight,
of 1low-boilers, including 1less olefins and many
saturated hydrocarbons and water and methanol, in
addition 30-70% by weight of aldehydes, 5-40% by weight
of alcohols, up to 10% by weight of formates of these
alcohols and 3-12% by weight of high-boilers having a
higher boiling point than the alcohols are then

present.

If rhodium catalysts were used, the reaction mixtures
comprise considerably less paraffins and formates.

Selective hydrogenation

The selective hydrogenation of the reaction mixtures
from both hydroformylation stages, expediently freed
from catalyst, is an essential feature of the process
according to the invention. As a result, the aldehydes

and certain accompanying substances, including acetals



I someric olefins having from5 to 24 carbon atons; (b) distilling the

hydr ogenation m xture t=om (a) into crude al cohol and | ow boilers, wherein
the | ow boilers conprise unreacted ol efins fromth’eZh%]g;ozqﬁ?nyl ation of the
i someric olefins; 10 (c) hydrofornylating the | owboilers om (b); (d)

sel ectively hydrogenating the hydcoferhglati on reaction m xture from(c);
(e) distilling the hydrogenation m xture from (d) into crude al cohol and

| ow boi | er sq¢(fhdi ahidehiyest hgngr wda&t£0Be! £19: O AMa PULLG! &Sk al cohol ;
and (g) taking at | east a.,portion of |ow boilers which conprise saturated
hydr ocar bon§h€gs, 2inTRATSAGUdaL /ofthg fighmatesheadien hyskragenatiash ta xt ur es

L rgm ]poth lht’HéOf déB)'!i‘léﬂi oaacahelexpart]whed tldiéd Wﬁ%’é e I QRile the )
ydrof ornyl ati on catal yst.prior to ective hydrogenat,ion. 3. The
process of Wﬁ?ﬂ?g?émﬁi?g%ﬁsc?f'e(ﬁottc?’y PIENG tEhe o agﬁext"i}r’%té‘aa}r]é’ used as
starting naheti diywlfagendieediydrsaf othpkathbgh 2fieddsThBapedcess atheCl ai m 1,
wher ei n cob t ak r | Qyed. in, dr of l ati o ages. 5.
The processg(i)%fiﬁa?l%%??%\?%er%g%?oan eyd%%lglg‘g%é;twt\a/%s h%‘?n%gs%af)i%oﬁ: &

provi ded i nokhfihst kse@a@¥en Last udue f tom bydhodsmhtaion mtiat ithe st ages

are sel ecti ¥gl ¥-Q¥dE08682589rhBna. Singl e raection and only one distillation
I n which the hydrogenation reaction mxture is 25 separated is provided.

1 z ~u~ 2002
Selective hydrogenation of hydroformylation mixtures is

the subject matter of the co-pending patent application
DE 198 42 370. The hydroformylation reaction
mixtures are, according to i:his, hydrogenated by means
of hydrogen at elevated temperature and at elevated
pressure on a supported catalyst which comprises, as
active components, copper, nickel and chromium.

preferred catalysts of this type are supported
catalysts which comprise, as active components, copper
and nickel at concentrations in each case of from 0.3
to 15% by weight, chromium at a concentration of from
0.05 to 3.5% by weight and an alkali metal component at
a concentration of from 0.01 to 1.6% by weight,
advantageously of 0.02-1.2% by weight, in each case
based on the supported catalyst. Another advantageous
supported catalyst comprises copper, nickel and
chromium in the specified amounts, but no alkali metal
component. Suitable support substances are, in
particular, silicon dioxide and aluminum oxide. The
amounts specified are based on the catalyst which is
prepared as described below and has not yet been

reduced.

In the hydrogenation, the aldehydes in the reaction
mixtures of both hydroformylation stages are in each
case hydrogenated to the corresponding alcohols in only
one hydrogenation stage step with conversion rates
greater than 98% at a selectivity oﬁ greater than 99%.



6. The process of Claim5, wherein some of the |owboilers fromthe
distilllation are taken off in order to discharge paraffins. 7. The process
of Claim1) wherein (a) and (d) are conducted as t\/\ﬁ rs]@agrate reacti ons and
(b) and (e) are conducted as two separate distij Eaﬁ"e . 5 8. The process
of daim7, wherein the |owboilers frbm<{e) are taken off in order to

di scharge paraffins. 9. The process of Caim1, wherein the

hydr of or nyl-ié oasteast aoid rHodtd1ss fe Bekewis¥ebynbydtegenaied e el evat ed
tenperature_and a ellev tgd pressur OE.a sg}ap%r.ted cat al yst ,whi ch
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process of fisture®, renerdia nstherssipply etbycafat yforcathy i mest gmmcti ve
conmponent s, nd _Ri at,.,co | ONS. | case of . from0.3 to
1598 by ve; JHICaRged’ 2l ehbBn] LHEOSEREER AP BupRoBRER NG Zland Ol
and an al kalnderet apmparpbhencoadifionacendsat hydrobenasm 0igtuad 1. 6% by
wei ght, in £83€i P8PGU AR 1@ FAWARCI & LAt Byt inllé-ﬂe]th A process of

Cl ai m 10, erein the concentration of the alkalr netal conponent is from
0.2 to 1.2%tsnaki ghEP 82326h874rDdbss Sheq hyRregenakdpeai ncame Repport ed

catal yst dogsrPpiacentaiin ahel kW iprdd Alr£orpeient of 18 1560€ 3 9SS of
Caim9, wherein the catal yst support_material is silicon dioxide or 20

al um num ox@wfé. 2t sh1ghcSPrEReEIMBiYEELEM 1, wherein the hydrogenation is
carried out continuously or batchwise in a |liquid phase.

Said catalyst components can be distributed
homogeneously in the pores of a support material or
enriched in its edge zones. In the former case, an
aqueous solution is made up which comprises the
components in the form of metal salts and whose volume
expediently roughly corresponds to 0.8 times the pore
volume of the support material. As copper salts, nickel
salts and chromium salts as catalyst precursor, use is
advantageously made of those which are converted on
heating into oxides, such as nitrates and acetates. If
the catalyst is to contain an alkali metal component,
this can be introduced together with chromium in the
form of alkali metal chromate or alkali metal
dichromate, in particular as sodium chromate or sodium
dichromate. The metal salt concentration in the solution
depends on the desired concentration of the respective
component in the finished catalyst. The metal salt
solution is then sprayed onto the non-preheated support
material, situated in a coating drum, and penetrates

into the pores thereof. The catalyst is then dried.

If it is desired to have a catalyst with components
which are enriched in the edge zones of a porous or a
more or less pore-free support material, the metal salt
solution can be sprayed onto the preheated support
material and the support material can be further heated
during the spraying, so that the water evaporates and
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I.s carried out in the liquid phase under an overall pressure of from5 to
30 bar. 16. The process of Claim 15, wherein the overall pressure is from
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hydr of or nyl aqqu)ﬁ:,ofast I res of which the catalyst precursors are

converted into the oxidic state. The catalyst is then
reduced with hydrogen at said hydrogenation
temperatures. The reduction can be performed just after
the catalyst is prepared or expediently not until in the
hydrogenation reactor.

The catalysts are advantageously used in a form in which
they offer a low resistance to flow, e.g. in the form of
granules, pellets or shaped bodies such as tablets,
cylinders or rings. They are expediently activated prior
to use by heating in a hydrogen stream, e.g. at said
hydrogenation temperatures, if they have not been
reduced in the reactor.

The hydrogenation can be carried out continuously or
batchwise and either in the gas phase or in the liquid
phase. Hydrogenation in the liquid phase is preferred,
since the gas-phase process requires a higher energy
consumption, because of the necessary circulation of
large gas volumes. In addition there is the fact that
evaporating aldehydes having an increasing carbon
number requires more and more energy, and, in addition,
the starting material 1loading in the reduction gas
decreases, so that a gas-phase process in the case of
aldehydes having a carbon number greater than about 8
makes it scarcely possible still to carry out the

overall process economically.

Various process variants can be selected for the liguid-
phase hydrogenation. It can be carried out adiabatically

or wvirtually isothermally, i.e. having a temperature



isoneric olefins; (3) hydrofornylating the lowboilers from(2); (4)
rrecircul ating the hydrofornylation reaction m xture from(3) to (1); and

(5) distilling the crude al cohol to obtain a pu ho 10 wherein
(1), (2), (3), (4) and (5) are conducted at theﬁsén@ﬂ‘t?pr@) 22 A process

for preparing higher oxo al cohols, comprirsing: ( 1) sel ectively
hydr ogenating a reaction m xture obtained by hydrofornylating isoneric

ol efins hayipe oromIn°to 34 carddRyBs OBBag éZbrdltst |dda@ed herdhygh@genati on
m xture fr mgﬁ% into crude al cohgl and Iow— oi | S wherein the
r iSRS nrY

| ow- boi | er e§®BFEPTRs FRATHR drtiﬁ nyPatFortof the
i sonmeric okehi b drEradvedt cﬂdxrabdtzﬁtaamgly her | owrboalley sikothetmally4)

| ectivel y_hyd t f ti t f 3

(5) i st i1 PFngobRo Pt 09endbroHChix: (Pt bRTR b | Sl bl SFEShol and

| ow boi | er girg0aldy dewithermgliiye c'limdedditndmnl fitors( PHosm il et heo cr ude

| cohol f hal f bt
pur 1 f1 ed ;ﬁﬁ”ﬂ%@mmﬁ%r&ﬁ% ?*ﬁf ﬁgﬁ@&%@ @]r%% A iAL %ﬁt" an e
conduct ed PBSEheO®ani thi nproduct recycling. T e reactors can be

 A@. AS?. Aol rAt e8! aé' Y:dﬁch)brén%e f&vo'W e%ﬁ:t:cq? lf_l( ﬁsACZ Af (.
A | . Au9. A9l', y>H+u! %I vgl ga\ VU] ca] cal] ca] ca] cal ca ca call ca]ca] ca]c
al ca] ca] ca]l&xaFkaec aQJ]"caPETBFSQFEaE]Ea]"éﬁPcHUP a]-é@]lkda
i 57NPt wS&WHLBYeNLEVdwpke U aneV] satkeakealbealLatfignl cab&@@-}@ah& caj call ca
| cau cal cagkeghcatheal patlestsaderl sathealsal egleatlgalaatd qalgevant -
ol ?upj e Zikhgddvitew| ra]:ea] oﬂ@eh@ﬁahﬂ,ceﬁ]maiﬂnta]ccﬂbl]rc&]ic&bl] ma]pqu] cal calc

a ca c"a]csa =1t
] U]####]$§12 gtﬁgégo%% tﬂpj%g] ae\ cal]; 6})(l:g]a]‘—’lé’[a hd r aa]‘caU] cal ca
U] ca] calj] ca]eaabpcapsagpea]itadl] @apchej]rma]lénwn@] talUp ca]:r:aiqlc!a]m# ca] cal] ca:

‘V@‘Vdm’@/@/@/ﬁ&% Sﬁgﬁﬁ@&x urly Uspace verc(cﬁ(t}w ﬂﬁéM 9oh YL calhcabd ca] cal ca

] caU] ca] caU| ca ca] cay ca] cgU] ca] ca] ca Ul ca] cal] ca] caU]ca] cal)ca]c

aU] ca] cal] bsrugrpsPvi (2pq) W%‘n)p)’Fﬁﬁf?}’}‘)’) ??tw%n’/* *>xand By by gkf " [ Ul gal WU

U] ca] cal ca] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca]
+++

S BSCNG502 PP AL PUBBBS 8 SSbSGORSAL O vis S PRI ST T cal cal ca

] cay] ca] calaﬂma]mawm@]I@chaMSS@ch$a]ﬁ$aqm ca c"td c"H] deeld.calimU] ca] cal

ca] ca 999 KORR WAV [\ ] z9kf ad ¥l Wheadcal ca] cal c

d
a] ca] ca] ca]pca cajc"al céﬁﬂgg%c c a ca] ca ?ca] caJc
a] cal] ca] cél]Yéé’P@&Pé&}ena] &RAY cafFtER) c al ¢arried out at lower
_{J] _ _U]a b}/ rlekeaees! f Wikhi cbirkekpbh8hghungrehvpkeghykial Mhd<! aftea] cal] cal ¢
alU] caU] ca]calc
a] ca] ca] caLﬂ‘%ﬂ%‘&B} &g]“é’&fé‘&ﬁf@ﬁa] &§al§]1ce$a(]%%ﬁ c%{J] E%?E%?ﬁ‘&aa‘j’c%] a]xca] cal c&a]

ca rss" u*wdieOloygize znz zgag zphabe| | pie} Jgenerally between 120 and

~~~ kf a\

a] cgapca?c%jogg]chﬂcé&f@aﬁi% é\-]]%c {f%g?i ¥ gg% g:} ga] cajcalUc"a
~"v2"?L to) s|wnmhc”Y]]]]calc

a] ca] ca] calglacaltdaincal cof caViehrl cal plirayeateddbaal Calistheakca] gsgc. a caj ca

] ca] ca] ca] ca ca] ca] ga! 3HhI [\ w mhc”Y]]]]ca]c
a) ca] ca] ca] g] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calca]c a]c
a] ca] ca] calp%é‘ra] GdeCanyipogkhGto%s, () thle reaction mixtures are

worked up by distillation in manner known per se. Low-
boilers are removed as overhead product, which low-
boilers predominantly comprise olefins and in addition
saturated hydrocarbons. According to Figure 1, the low-
boilers from both hydroformylation stages are starting
material for the second hydroformylation stage. In this
process variant, however, some of these low-boilers are
discharged, so that the concentration of the inert
saturated hydrocarbons produced by hydrogenation of the
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according to Figure 2, all of the low-boilers from the
first distillation stage are passed_ to the second
hydroformylation stage, and the saturated hydrocarbons
are discharged as a comparatively small low-boiler
fraction of the second distillation.

The hydrogenation mixtures are generally distilled at
reduced pressure, e.g. at an absolute pressure of
400-900 mbar. The crude alcohol which is produced as
bottom product in the distillation can be worked up to
pure alcohol in a conventional manner by distillation.

The examples below are to describe the invention
further, but not to restrict its field of application
which is given by the patent claims.

Example 1 (Comparison example)

Nonanols by single-stage hydroformylation of di-n-
butene

In a 5 1 high-pressure autoclave which was eguipped
with an agitator and electrical heating, 2000 g of
di-n-butene (composition in Table 1, column 2) were
hydroformylated in the presence of a cobalt catalyst at
185°C and a synthesis gas pressure kept constant at
280 bar. The synthesis gas comprised 50% by volume of
CcO and 50% by volume of H,.

To prepare the cobalt hydridocarbonyls, e.g. HCo(CO)g4,
serving as catalyst, as catalyst precursor, use was
made of an aqueous cobalt acetate solution containing
1% by weight of Co. The cobalt acetate solution was
treated with synthesis gas, with stirring for 7 h at
170°C and 280 bar. After cooling to room temperature
and expansion, the cobalt carbonyls formed were
transferred to the organic phase by extraction with
di-n-butene. After removing the agueous phase, the
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di-n-butene loaded with cobalt carbonyls having a

content of 0.021% by weight of Co (calculated as metal)
was hydroformylated under the abovementioned reaction
conditions for 3 hours.

After cooling to room temperature, the reaction mixture
was emptied, depressurized, from the autoclave and
freed from cobalt catalyst by treatment with 5%
strength acetic acid and air at 80°C. 2487 g of
decobalted hydroformylation mixture were obtained,
which were analyzed by gas chromatography. The results
are listed in Table 2, column 2. According to these, a
di-n-butene conversion rate of 92.3% was achieved at a
selectivity of product of value of 87.9%, equivalent to
a yield of product of wvalue of 81.1%, based on
di-n-butene used. Products of value were considered to
be Cy aldehydes, Cy alcohols and (iso)nonyl formates.

Example 2

Nonanols by two-stage hydroformylation - l1lst stage

In a 5 1 high-pressure autoclave which was equipped
with an agitator and electrical heating, 2000 g of
di-n-butene (composition in Table 1, column 2) were
hydroformylated in the presence of a cobalt catalyst at
170°C and a synthesis gas pressure kept constant at
280 bar. The synthesis gas again comprised 50% by
volume of CO and 50% by volume of H,.

The cobalt catalyst was prepared as in Example 1 and
transferred to the di-n-butene. The concentration of
the catalyst was 0.019% by weight of Co, based on the
di-n-butene. The di-n-butene loaded with cobalt
carbonyls was hydroformylated under the abovementioned
reaction conditions for 2 hours. The hydroformylation
mixture was freed from cobalt catalyst as in Example 1.

This hydroformylation solution was repeated three times

under the same conditions. The hydroformylation
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mixtures were combined after removal of the cobalt

catalyst. This produced 9412 g of reaction mixture
which had the composition specified in Table 2,
column 3, according to GC analysis. A di-n-butene
conversion rate of 67.6% was then achieved at a
selectivity for product of value of 94.5%, equivalent
to a yield of product of value of 63.9%, based on
di-n-butene used. Products of value were again
considered to be Cy; aldehydes, Cs alcochols and
(iso)nonyl formates.

Example 3

Nonanols by two-stage hydroformylation - 2nd stage

7500 g of the reaction mixture from Example 2 were
selectively hydrogenated with retention of the olefins
to give the product of wvalue Cy alcohol. The
hydrogenation was carried out batchwise in the liguid
phase in a 20 1 autoclave at 175°C and 20 bar H;
pressure in the presence of a supported catalyst
containing 12.1% by weight of Cu, 3.0% by weight of Ni
and 2.5% by weight of Cr on aluminum oxide as support
material. The unreacted olefins were then distilled off
as low-boilers from the products of value and the high-
boilers from the hydrogenation mixture.

The low-boiler fraction, according to GC analysis,
comprised, in addition to 98.5% Dby weight of
hydrocarbons of which 87.9% by weight were Cg olefins,
around 1.5% by weight of methanol which had been formed
by hydrogenation of (iso)nonyl formates. The &
distribution of isomers in the (g isomer mixture is
listed in Table 1, column 3. In comparison with the
fresh di-n-butene containing 23% by weight of
dimethylhexenes, this Cg isomeric mixture containing
44% by weight of dimethylhexenes comprised considerably
greater amounts of these less reactive Cg isomers.
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2000 g of this Cy olefin isomer mixture enriched with
dimethylhexenes and comprising 10.6% by weight of Cg
paraffins were hydroformylated in a 5 1 autoclave in
the presence of a cobalt catalyst in the manner
described in Example 1 at 185°C and a synthesis gas
pressure of 280 bar. Again a synthesis gas containing
50% by volume of CO and 50% by volume of H; was used.
At a cobalt content of 0.031% by weight, based on the
Cg olefin mixture, this mixture was hydroformylated for
3 hours at a synthesis gas pressure which was kept
constant.

The hydroformylation mixture was expanded and freed
from cobalt catalyst as described in Example 1. This
produced 2438 g of a decobalted hydroformylation
mixture whose composition according to GC analysis is
given in Table 2, column 4. According to this, a Cs
olefin conversion rate of 91.3% was achieved at a
selectivity for product of value of 83.0%, equivalent
to a yield of product of wvalue of 75.8%, based on
di-n-butene used. Products of value were considered to
be Cy aldehydes, Cy alccochols and (iso)nonyl formates.

If Example 2, as first hydroformylation stage, and
Example 3, as second hydroformylation stage, of the
process according to the invention are combined, after
both stages, an overall olefin conversion rate of 97.1%
was achieved, at a selectivity for product of value of
91.5%, equivalent to a total yield of product of value
of 88.8%, based on olefin mixture used.

In comparison with the single-stage hydroformylation
according to Example 1, there is therefore an increase
in the yield of product of value by around 8 percentage
points.
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Table 1
Distribution of the C; isomers in the feed olefin
mixture
1 2 3
Cg isomers di-n-butene Cs olefin mixture
starting material | starting material
Examples 1 and 2 Example 3
(% by weight) (% by weight)
Dimethylhexenes 23 44
3-Methylheptenes 62 51
n-Octenes 15 5
Table 2

Composition of hydroformylation mixtures

1 2 3 4
Composition Example 1 Example 2 Example 3
according to GC (% by weight) | (% by weight) | (% by weight)
ana%zgis
Cg olefins 6.2 27.4 7.0
Cs paraffins 3.3 2.4 4.5
Isononanals 55.1 48.7 51.2
Esters/isononyl 4.5 2.0 8.8
formates
Isononanols 23.9 18.5 18.8

Residue 7.0 1.0 9.8
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“110% & ( )havmézfnl)rﬂ@% 24 carbon atoms by two-stage hydroformylation in the presence of a cobalt
catalyst or rhodium catalyst at elevated temperature and at elevated pressure, comprising:
5 (a) selectively hydrogenating a reaction mixture obtained by hydroformylating
isomeric olefins having from 5 to 24 carbon atoms;

(b) distilling the hydrogenation mixture trom (a) into crude alcohol and low-boilers,
wherein the low-boilers comprise unreacted olefins from the hydroformylation of the
isomeric olefins;

10 (c) hydroformylating the low-boilers from (b);

(d) selectively hydrogenating the hydroformylation reaction mixture from (c);

(e) distilling the hydrogenation mixture from (d) into crude alcohol and low-boilers;

(f) distilling the crude alcohol to obtain a purified alcohol; and

(g) taking at least a portion of low-boilers which comprise saturated hydrocarbons.

15 2. The process of Claim 1, wherein the reaction mixtures from both
hydroformylations are expanded and separated from the hydroformylation catalyst prior to the

selective hydrogenation.

3. The process of Claim 1, wherein C,, C,, C,, or C,; olefin mixtures are used as

starting materials for the hydroformylation.

20 4. The process of Claim 1, wherein cobalt catalysts are employed in both
hydroformylation stages.

5. The process of Claim 1, wherein only one selective hydrogenation is provided in
which the reaction mixtures from both hydroformylation stages are selectively hydrogenated
in a single raection and only one distillation in which the hydrogenation reaction mixture is

25 separated is provided.
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9. The process of Claim 1, wherein the hydroformylation reaction mixtures are

selectively hydrogenated at elevated temperature and at elevated pressure on a supported

catalyst which comprises, as active components, copper, nickel and chromium.

10 10. The process of Claim 9, wherein the supported catalyst comprises, as active

components, copper and nickel at concentrations in each case of from 0.3 to 15% by weight,

chromium at a concentration of from 0.05 to 3.5% by weight and an alkali metal component

at a concentration of from 0.01 to 1.6% by weight, in each case based on the

catalyst.

supported

15 11. The process of Claim 10, Wherein the concentration of the alkali metal component

is from 0.2 to 1.2% by weight.

12. The process of Claim 10, wherein the supported catalyst does not contain an

alkali metal component.

13. The process of Claim 9, wherein the catalyst support material is silicon dioxide or

20 aluminum oxide.

14. The process of Claim 1, wherein the hydrogenation is carried out continuously or

batchwise in a liquid phase.
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16. The process of Claim 15, wherein the overall pressure is from 15 to 25 bar.

17. The process of Claim 1, wherein the hydrogenation is carried out at from 120 to
5 220°C.

18. The process of Claim 17, wherein the hydrogenation is carried out at from 140 to
180°C.

19. The process of Claim 1, wherein the hydrogenation is carried out in the liquid
phase and with liquid flow rates of 5-100 m® per m? of cross section of the empty reactor an
10 hour.

20. The process of Claim 19, wherein the liquid flow rate is 15-50 m® per m? of cross

section of the empty reactor an hour.
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21. A process for preparing higher oxo alcohols, comprising:
(1) selectively hydrogenating a reaction mixture obtained by hydroformylating
isomeric olefins having from 5 to 24 carbon atoms;
(2) distilling the hydrogenation mixture from (1) into crude alcohol and low-boilers,
5 wherein the low-boilers comprise unreacted olefins from the hydroformylation of the
isomeric olefins;
(3) hydroformylating the low-boilers from (2);
(4) recirculating the hydroformylation reaction mixture from (3) to (1); and
(5) distilling the crude alcohol to obtain a purified alcohol,
10 wherein (1), (2), (3), (4) and (5) are conducted at the same time.

22. A process for preparing higher oxo alcohols, comprising:
(1) selectively hydrogenating a reaction mixture obtained by hydroformylating
isomeric olefins having from 5 to 24 carbon atoms;
(2) distilling the hydrogenation mixture from (1) into crude alcohol and low-boilers,
15 wherein the low-boilers comprise unreacted olefins from the hydroformylation of the
isomeric olefins;
(3) hydroformylating the low-boilers from (2);
(4) selectively hydrogenating the hydroformylation reaction mixture from (3);
(5) distilling the hydrogenation mixture from (4) into crude alcohol and low-boilers;
20 ©6) combi;ling the crude alcohol from (5) with the crude alcohol from (2); and
(7) distilling the crude alcohol from (6) to obtain a purified alcohol,
wherein (1), (2), (3), (4), (5), (6) and (7) are conducted at the same time.



