. ¥+, -e3e RIJK, MR-MXPBQT R w Process for fractionating dibutene 09 JULY
2003 The invention r rocess for fractionatingyg jiyusrees

m xture and to the usm"mmmmmmmmﬁtene fractions. 5 Dibutengg)gideqterm
used for mxtures of isongy "L | efi ns obtained by dinerizing n-butanes
or C4 streans containing n- utane For this purpose it is particularly
advant ageous to enploy the so-called raffilnate 11 or raffinate 111

obt ai nabl e i nexpensi ve fromthe processing of crude C4 cuts. 10 In order
to obt ain raffinate JMM“MWNW“‘mt adiene is renoved fromcrude C4 cuts in a
first step. This is y extracting the butadiene or selectively
hydrogenating it to the |+igag&r butanes. Both cases produce a virtually

but adi ene-free C4 cut, which is raffinate |I. In the second step isobutene
is 15 renoved Froeesst for feacsionatimghdibutene exanpl e, reacting it w th nethanol
to prepare nethyl tent-butyl ether (MIBE). MIBE is a sought-after notor
fuel conmponent. O her options are to react the isobutene fromthe raffinate
| with water tigne to
aci dcatal yzed ﬁeggﬁér"r‘éﬁﬁ?%{a?%ﬁ%ﬁ%?% gﬂlqso @E] g&gg %‘%ﬁ%ﬁ%@\(ﬁrﬁgtg ut(é gﬁe@f ree
C4 20 cut, rafthenseefkihe dbotere fiactiorsss desired, the linear butanes and
possi bly bu%anes As an option, it is also possible to separate off the
1-butane by distillation; if this is done, the cut tee from 1-butane is
referred to aambafe‘nen@ttﬂeltbrm e ﬂaarmkttﬁe@roenmméh@@sqﬂemi\s obtairiehey
raffinate | or raffinate 111 can be enpl oyed alternatl The us? of

ot her industr pgpewngtq—@at@ges%&, SHeahoNBINING PruteRs - %@d’r\"B‘P%?l ns,

for exanpl e, |y

| near but anes ?@ﬁﬁ'a‘*k%&vg'ﬁ‘ﬁg%uéWﬁ%’%@?&é‘%&aﬁe& i e Of el e
n- but ane- cont a:ibrhalng ledinexpasssieely from Heupresessingrificaide/Cgouisr i si ng CB
olefins is; known in principle: there are three process variants. 09 JULY
2003 - 2 e ol igomerization over acidic catalysts (process A) has been
known for a | dn@rtiém®,obaait riaffiriatelUsdriy, biitedierwaispemoved dlont etiderC ptwtsphor i ¢

acid on s orts e enployed. This process prod m Xt of
brianched gFEflﬂ@ f\?ﬁt éﬁ%gEESH 'istq}:tr@l %F'?erfé?y qe>§}r%tlfpg»tjtﬁ9?%l|@{£ﬁré§0( 9%9551"3?,818)
A ?hpr ocess WHylohSndtingEW &S tiK&Nineaf RHENYDT BEW dasés prbdusd BooimrIEliFat i on
Wi

butadiene-free C, cut, which is raffinate I. In the second step isobutene is

15 removed from the C, stream by, for example, reacting it with methanol to
prepare methyl| tert-butyl ether (MTBE). MTBE is a sought-after motor fuel
component. Other options are to react the isobutene from the raffinate | with
water to give TBA (tertiary butanol) or to subject the isobutene to acid-
catalyzed oligomerization to form diisobutene. The now isobutene-free C,

20 cut, raffinate ll, contains - as desired, the linear butenes and possibly
butanes. As an option, it is also possible to separate off the 1-butene by
distillation; if this is done, the cut free from 1-butene is referred to as
raffinate |ll.

25 For the preparation of di-n-butene, raffinate Il or raffinate il can be
employed alternatively. The use of other industrial C, streams, such as those
from Fischer-Tropsch olefins, for example, is possible. The critical feature is
that essentially only linear butenes are present in the feedstock.

30 The oligomerization of such n-butene-containing C, streams to mixtures
essentially comprising Cg olefins is known n principle: there are three

process variants.



sol uble Ni. conmpl exes, known as the DI MERSOL process (process B) (B.
Cornils, WA Herrmann, Applied Honogenous Catal ysis wth Qygauinekedsi c
Compounds, page 261-263, Verlag Chem e 1996). Mention should al so be nmade,
finally, of the oligonerization over nickel fixed-bed catalysts, such as, 1
o for exanple, the process of OXENO GrbH. The process has entered the
literature has the OCTOL process (process € (Hydrocarbon Process., Int.
Ed. (1986) 65 (2. Sect. 1 ), page 31-33) The dibutenes obtained by these
processes are prized starting materials in 15 the chem cal industry. For
exanpl e, by hydrofornylation it is possible to obtain al dehydes which are
| onger by one carbon atom- in the case of dibutene, therefore, C9

al dehydes - which in turn are enployed further for inportant industrial
products. Exanphesligometinatidty dvergmnidicicatalp$tst(heocaisd ) dsdaen kiiows far @ohol s

and their reaction,.with carboxylic acids to,give,20 esters., For instance)
the aci dificat o5 e r?é‘d_glrbd{’r%iséfyw??rh%ﬂ@ﬁhq?i%eai'ﬁ?ﬁﬂ@P%@SPQ%% Apl§F o

di i sononyl pht babsirRsare WRiHlOY Y ThiY Sldlcks® prdRiteBligsrhbCmp@i@sion bidicHeldast i cs
processing industry. Al so inpo~ant and carried out industrial lé is the

oxi dati on of tBEfiasdehighesonstitutee prnardy pdimethyghexenes(VYe 82i1d818whiich are

reacted inter i i i ] -sol . .t S, ts,. .

enpl oyed, 2‘§ f@#d%)?%;%fﬁlé‘ﬁ?%@k@y@?ncéwﬁ%gﬁgﬁ)&{ @?)é&(?{)srmgggﬁioﬁglé&%s'ﬁ@éhl ves),
oL as stabili _zsmlsnbie):t\li.li\dﬁ\pléxésm(hbefnfQ%Frﬁﬁf)!mwlfﬂi’?@tl)mﬂmd:eds whdssﬁjbml i's

t he strong-acid-cat ed reaction o efins ut enes. th carbgn
nonoxi de and Bﬁswéi g%rrmé”%P@@ddiPQ%“ ?(t@afyéﬁd%&h Eﬁyg%}?é“%té on
atom whi ch hagofifcRingd, phde 261 LR VErRgUISE i TSog)aRNkERtdhbeRGEIES e | N
this case, tertiary branched carboxylic acid m xtures are obtai ned which

because of t heMadpfiiadineef thapligemarization oveygrighg! Yixedded cadalysts, $Ha) ghl y
cause o . ; .
suitabl e 185 PiPUiEifle ! fi ARRLEIBROGNGE GRIAL A bceSs RR!drteieaf th

important use of the'tertiary carboxyli e reaction w
acetyl ene to glitegsalrepiasdse @CTOWrotesy prosess G (Hysironamend roerss. hismt.

i nternal plastggi I al rs. mers of vinyl esters of tertiary
5 carboxylic alé:adé%'aﬁ)ﬁsaltznsﬁcgggtpﬁg@,c‘?f'g‘byexanpl e, are the basis for
environnmental ly friendly water-dispersible paints and coating material s,

and ener gy- savj E% thermal jnsulation renders in buildi nﬁs. . Di but e_nF I's not
a uni f or m subst BR&WaRes abldnred By SeReprecessas AgRrIZaG flattingdnaterigly Boner s

which in tygn faaalel i | |yt i is SYEBI 1

di fferent grsopg%teicgﬁs, vviﬁ%ﬁ%yﬁc}(g;@{%@a%bh%l%@%ﬁgylggﬁgpg@a?so el>§<}hﬂiogi ting
a ci s/trans i soh@inSidelinuissnehing are tamgepbydene icarbqy 8w s, intthes@ase of
constitutional I tional, i r n. b I i i

oropor i ons. - 18P0 hBRER, CoRdehiRELRLFA 1 o BFE el iLEF FoY,,

11, the produtnpartarpr insleistrial epiodunisxt xaraples essdhei hydrpgendtaancfiethe

si ngly branche nd .doubl y branched sppstructpures.. The ipformatipn _gjiven
bel ow i s only g"%ﬁﬁy ges ltl% 9%" eagﬁﬁ%srﬁi‘d;&@tforﬁalcgﬂ@ Wit ¢ RO ?ﬁl%i,ﬁ? gl

st ruct ural 29r oggtersaiFer pRtaticeethelasidifieatns bNthetalcohel s Withcetsthalkoarhtdrizies.  One
nmeasure of the ree of branching is the iso in

deg ? [ ,gex.,lt ifﬂefine,dg{the
number of branl§398de Fisongpykeithalates cwhighyeyhighly eriged plasheigeenlott&enes)
have an iso ~i ﬁcé)é t ' ' i - -

di met hyl hexenegg_gn L Srge?%%m})ﬂp?@? @ﬁﬁg@h&ﬁ%{]Por%?ﬁ?gpﬁgmiﬂggmigu%&th(?f
rYtixtures nusexigaken atheuaidebydette theswriespondiogcasihoxwhie doits whirkaareyr oups

Gt ol e oot ene-" WL 202 g o SofipRiRbles 5aRE et Selloy FRbfea
| hexenes~ 20%-fd84€Xempley@s kieyingaotelénators f@SCoatihg¥ofsittatives)denas stabiiz&rL9=

1.12 Table 1: i | structural distribution in dibutenes, each from
di fferent E%H‘i\?é‘

A further exemplary industrial application is the strong-acid-catalyzed
reaction of olefins (dibutenes) with carbon monoxide and water to give the
30 carboxylic acids longer by one carbon atom, which has entered the literature
under the name KOCH reaction. In this case, tertiary branched carboxylic
acid mixtures are obtained which because of their branched nature are in



.to preparation processes, starting fromraffinate Ill. If instead of
raffinate Il or raffrmate Il other isobutene-containing Clgyiysyessos'sed,
such as raffinate I, there is also formation of a host of further, even
nore highly branched structures, essentially trinethyl hexenes such as 2,2,4
15 trinethyl pentenes, 2,2, 3-trinethyl pentenes, 2,3, 4-trinethyl pentenes,
2,3,3trinmet hyl pentenes, etc. Such dibutenes, with an iso index of nore than
2, are also known by the nane "codi butyl ene". The perfornmance properties of
t he products produced from di butene are 20 often dependent on the
conposition, and especially on the degree of branching, of the olefin

enpl oyed. This may take on very extrene forns, as is evident fromthe
exanpl es below. An inportant field of use of dibutenes is the preparation
of C9 al cohol duwhitdahlyssiitahlar for aprodesingy ithe ezbavementianpexiyeial salttisA For

ot hal 1 anhy i B0 GG RE AR kel aBb i eSS EsRb e 800 1

pl asticizers iavepllsatitesgiveheingpasres olvhidraaediz@dohs tdoendramsreyforcthai ns of
the phthalates is closely 30 related to the degree of  branching of .the
ol efi n enpl oydaterdyl plastiCizadon afrymees. JFoRMHUNBR RAVEYE £stiTe & @Rtidycant | y

co- det er m ned : Strl of . | afi 1 t i oyed. r.
09 JULY 2003 -‘p‘%b%ﬂfg é&%e ?'i‘g‘é'rrr'@ieazc%ttiﬁfgh o?r%#%ﬁ%l P@Fgé@%fgipég fit

of mat er i al pr ocarwahmentagily ddesdly weateodzper siblehziatsesRI0CRANG matedal sA@odHP=
165 nPa sRaffinate || ACo- HP116-.120 a _sor 1llgaflf.i nate |11 B or CCo-HP70-85
mPa sor |1 Raf¥1S'4Y-821'NE tBRrERHDEBaH0R GBNass 'R SH MBS Tanl e 2: Conpari son of
typi cal dynam c viscosities of nonyl phthal ates enpl oyed industrially,
where Co-HP: C assic cobalt high-pressure process, 200-300 bar, 140-180C
Rh- HP;  Rhodi urRH§RES Baka Haifppswbstanceduut satbebisra mixbarerafgrany Srualali £ i ed
or tripheny$ phashBiseniex 'ir.‘?'ﬁirﬁ%ﬁéfdoﬁ'gzldsﬂlﬁ%f%ﬂﬁlgae%l?@é PRbBRE fyrhErRCce

properties of the plasticizers are m | ar v ~dependent on their
degree of br arigHififegentymsdegrtiens,avith rhany of terdpublieeband (spovs atsgediibiteBow t he

mar ked dependency h |.Ci .Qperti in ht tes on
the degree of%r%ﬁ@%#ﬁ%&?ﬁ% no@%ﬁer&{iﬁ@cérﬁﬁ%hgjreﬁ?wne%?éér%s%f nféesrgti ary
car boxyl i ¢ acidmstittionbl arel fdoefigenitioypakipdmyed can be comseatren diffetdra

pol ynmeri zation of vinyl acetates, are another exanple of the dependency of
the plastici zé%roB?'g‘Bé‘ ties of a conpound on its degree 2 5 of branching.
One neasuresof the plasticizing action of the conononer is the glass
transition point T9 [C] of the honopol yner. For an identical enpirical
formul a, the diVhes ¢ a inprepared stantingufioragetdisgte lheel B, the@sodedendi ng

on the struct LHoer‘nﬁsé%Sleﬂh%ixWr@%f%@gntiQW ufbrBREnES t EhGlyBrantle§ @aoxy! i ¢
acids, for exanpl'e, the Titerature gives: '

doubly branched substructures. The information given below is only a guide,

since varying proportions of the individual structural groups are obtained

20 depending on the process conditions.

One measure of the degree of branching is the iso index. It is defined by the
number of branchings per molecule. Accordingly, linear octenes (n-octenes)
have an iso "index of 0, methylheptenes an iso index of 1 and
25 dimethylhexenes an iso index of 2. The calculation of the iso index of
mixtures must take account of the mass fractions of the individual groups of

compounds.



09 JULY 2003 - 6 5 Base olefinVin | esters VE of T C2,3,4-Trineth |
entene2, 3-Dineth 1-2-iso ro Ibutanoic acidll92, 2, 3-Tri met hg Juitye2e83 Et h
1-2,3,3-trinmeth I butanoic acidl15Dii sobut eneconmer ci al | y avail able vin |
ester70 (60)*2,2,4-Trimeth | entene2, 2,4,4-Tetranmeth | entanoic

aci d552, 4- Di net hyI hexene2, 2, 4- Tri met hyI hexgnor c acidl0 Table 3: (H P.H
Scholten, J. Verneulen, WJ. van Westrenen, Recent Devel opnents in Latices
based on Vinyl Esters of branched Monocar boxyl ic 1 o Acids, Seventh

I nternational Conference Water-Borne Coatings, London 1987; *W Lau, VeoVa,
a Vinyl Ester Mnonmer, Polynmers Dotcom Magazi ne, 2(2), February 1996) Wth
pl asticizers therefore, an inportant factor is generally a very | ow degree
15 of branching of the initial olefins, as denonstrated using the exanple
of the phthalates and vinyl esters. This does not nean, however, that nore
hi ghl y br anchgqd—etef+fs—are—worthtess—what—+s—erfrttecat—+s—thg—correct
choi ce of appl|i cation. For exanpl e, 2 oAndedlite sal { s Bbimergal y| bEddetebd
carboxylic acijds obtainable from ol efi n,sQ HJH] cor fespondi ngl y| hi gh degfees
of branching erre——ew}.g to—t-he—shi-eldi-pgs Fre pot-ar—ear-boxy—gr-oup;
particularly qoPUstend n oil and therefore~{3%rt| cul arI y- 8%i t ab] e ~f b¥3%us¢ for
produci ng sicdad M@ﬁylﬁ@ﬂteﬁﬁg st abl I zers ﬁ/agener f Lejgd, of pse é?r/o hif ghl y

branched ol ef ifmrs—rs—tmat—ot—actd=ca alchu reactTonsT—such 25 as; o

exanpl e, the dchA:=Rimeihybexpnascyl atfon of ¥%enol s| 1 n~s3¥éh repcri &%

hi ghly branchqdO@lefi0,sefa@n be used|to gk\Qg%mch betterqy el dp thqr%r/\/i fh
linear olefind,0or olefins Wth I owe vegrei§ of D1 ancnl1 Si nce BZ or mer
are able to d )3?‘,,, e.xertiary carbentumigon The

arti-cuar—e
great econom c inportance of the dibutenes and their successor pr oduct s,
and the heavy fignange C n r ,
t herefore, suggest% eg Zg%rgrgatslr%{&?lp? [?Er%m @ngﬂ%}?%%ér Sé:acq)‘ éFnJ Hﬂef‘%zoos
Separ ati onl0f prepaditiontmoeessed, statihy frdins taffihateilin, however, is possible
only on an analytical scale - and even then not conpletely - owing to the
smal | differences in boiling point Distillative separation is therefore not

economni c. To ilfingsadaifeatiimate iltorraifinBee NPbeRr istduterd-thitainimeChells &g range
of dibutene, 5 which is from 104 to 125C under atnospheric pressure, about

40 conponent s Y8k bR EAHRRE, thergds @lsofPrmation i hesto! Tuihple even
therefore, C8 rﬁbefmgﬁr %fr%&*%ﬂasrtﬁ}cﬁﬁeé’tséhs@@nﬁéw et rhererrérsomﬁse%sz 2salch as

adsorption processes, "distillation w azeot'r ope fornmers, or separation
processes Wbt Hrlmﬁihylpamelneenérz 4imetnydpantenes)2, A%Ulmhﬂmsn%seﬂ Be¥ t he

separation of om lefin.ji.so

distillation uéﬁ@%ﬁé@%ﬁf chpgeufsg Qnﬁcm %rr%re 'r@é’é@f éeﬂfé@r%’e?rs? used
are ethyl acetaltekao@ndpthemeinw cetibetylendowever, 15 this process only
makes it possible to separate 1-octene, which is present in a | arge excess,
and requires the use of one part of azeotrope former to one part of isoner

mxture. In dibwg %erormenbeq;rebeﬁreshemfhe bhﬁru@@pﬂﬁuc@a fedm ldibGlepBEaries Vvery
| ow;, the doubl e bonds present are predom nantl dv) Internal. The |ndustr| al

appl i cat i oA% ofoftan slepepeeats Oﬂothq]eoge&&rtm andesaepiasrn ithe xegregeples or e
not an option. brh'ﬁcrﬁné aﬁ%e%&.ﬁbﬁyrm Trie Rﬁké‘bh%r%faxt@m@f&fmsl as

m xtures by way of the different dsorptron sorption behavior of the
i soners on spéélefvidfﬂniéf@lm thesexampleshiedewss requires highly specific
zeolites which are difficult if not

An important field of use of dibutenes is the preparation of C4 alcohols which
25 inturn are esterified with carboxylic acids. For instance, dibutene produces
isononano!l mixtures which are esterified with phthalic anhydride to give

isononyl phthalates; these are employed as plasticizers in plastics.

The degree of branching of the isononyl chains of the phthalates is closely

30 related to the degree of branching of the olefin employed, so that the
properties of the phthalates are significantly co-determined b)'/'the structure
of the olefin mixture that is employed.

15
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Co-HP: Classic cobalt high-pressure process, 200-300 bar, 140-180°C

Rh-HP: Rhodium high-pressure process,

15

150-300

bar, 120-130°C,

unmodified or triphenylphosphine oxide-modified rhodium catalyst

Other performance properties of the plasticizers are similarly heavily

dependent on their degree of branching. Wadey et al. in J. Vinyl Tech.

(1990) 208-211 show the marked dependency of the plasticizer properties of

20

dkmnwpmhmamsonﬂwdegeeoﬂﬁmmhmgofmenmwlmdmm.

The viny! esters of tertiary carboxylic acids, which are frequently employed

as a comonomer in the polymerization of vinyl acetates, are another example

of the dependency of the plasticizer properties of a compound on its degree

25

of branching. One measure of the plasticizing action of the comonomer is the

glass transition point T, [°C] of the homopolymer. For an identical empirical

formula, the glass transition point can vary across a whole range depending

on the structure of the olefin employed. For vinyl esters of '.',C9 carboxylic

acids, for example, the literature gives:



. g . Into an n-octane-containing fraction having an iso index of |ess than
90% and a di net hyl hexene-contai ning fraction having nore th@Qﬂﬁ??%b@é t he

i so index of the original dibutenes 5 By neans of the process of the
invention, then, it is pbssible to prepare dibutene fractions and to pass
on the individual fractions for specific further processing. In conparison
to the successor products of the dibutene Hi xture, the successor products
of the individual fractions have defined and durably inproved properties.
10 Table 4 shows by way of exanple the isoner distribution of a typical

di but ene sanpl e produced by oligonerization of raffinate |1l in accordance
with the Cctol process, together with the associated nmass fractions. As a
measure of the_boiling points, sone of which are unknown, the retention 15
i ndices are iddgg§gggmnwhich ver e| g pefeRed/dyofgas chromat ogrjaphycand
measur ed agai ns %aiene. The stated TretentTom 1 mdj TES [egne e a boill i ng
range from aba%314 rimethylpentenge] dgdpimelin 2asenfonylbuiandieasidi|eht9 on

'bnf“ ces ?L e an 2 p-Takicthylpéntepiey| 3FhyI-2B fEeheteabulahokradid nlg PE nt

et ween e i SjoAery. .I'n_addition, | components W.Ln hi gher and egrees
of 20 branchi ggﬁ?‘?s%l?\%?e unsyst en‘&?’g&‘ﬁr‘f'?ﬁx ﬂVEi'{'?Qlesequence. 250}\’2%&5(ﬂ

No. Retention ijndex b a s a d o n pyHl&ier b. . |somerMass fractjion of the

i somersl1l725.4
I-3-hexane*53 : =2 Y= d
| - 2- hexaneO. 1498 433imethgihbrehe | - 3- 22M-Trifnethylhexanoic acid 10
ent ene0. 05%%734. 7traps-4,5-Dinmeth | -2-hexane0. 08%736. Oci s-4, 5-Di net h
| - 2- hexane0. 08%8 7 38. 3ci s-5-Meth |-3-he tapel. 1390~

740. 13- Met hy| - TaBhSedEoP H. $cholteyy JWsrmmen.- W.é. van|\eskenen, oBecent

ent onco. 93va2782 GppIELiedf Lo bRl S UnA Ediorbiangie totgearbgaric

| - 2- hexene@010A¢Kiss Beventh hitériatioah Oonferleerer®ater-Borne Coatings, London

, . 4.69%15760. 0 1S3, 4-Dimeth | - 2-hexeneld. 4116767. 6tr -5-Neth |.-2-he
{eneo. 62047775195 V8 Lou YeRVS. aruiRaer Skacsery Pobinis HaomNgazinG,

| - 3- hexene2. 99909 /7dhogyp189dpt h |- 3-he tenes. 2120779.1 120. 0C2- Eth

| - 1- hexenel. 079%21781. 9 121. 3Cl-n- Cctene0. 10922782. 9ci s-3, 4-Di neth

| - 3-hexene2. 799%23784. 1t raps-3-Meth | -3-he tene9. 77924* 122

30 raps 4 n- OCheRETa QRN R 6 biterirBe(oF [e0s0. S/ BAERPI AR Rt
| - 2- hexene0. 10967 838._3c'é|%g Ry Eofe Enrpofad BrCELCaa Ay B Ve 1o ads

122. 9Cci s- 35n- aidereneling 8 Mitial olefins, as demonstrated using the example of the
123. 3Ctraps- 3- g 080798, 8traps-3-Meth |-2-he tenell. 30%31*

125. 0Ct r aps- Zﬁht%[agﬁggf@g@gg%gerg

125. 6Cci s- 2- n- Cct enel. 88%Renai nder Al kanes and unknowns0. 71 Table 4: Boiling

point data fr Handbook of Chemistry and Physics, 67th Ed., 1986-1987, CRC
Press; *The rgfbﬁt BSﬁsi'PRfi geen, im'éo"}‘)%‘i/%é'hat_t r%iﬂ'%'@!n r@f‘&?‘ﬁ@s?'#ﬁéyar@oul d
not be determ wepthRISAE Wk ¥s EMficH id theSettpsct BRBRECHf Hpeakisn. For Exassie,

20 metal salts of highly branched carboxylic acids obtainable from olefins with

3. § 4-tL)I n‘gth |-lé'e 2n[e ':J./U/Tﬁ"CI S- 2, A-Di et h

SPRRICACY  Llag n

1 =5 e Tt

correspondingly high degrees of branching are, owing to the shielding of the
polar carboxyl group, particularly sotuble in oil and therefore particularly
suitable for use for producing siccatives and PVC stabilizers. A general field
of use for highly branched olefins is that of acid-catalyzed reactions, such

25 as, for example, the acid-catalyzed alkylation of phenols. In such reactions,
Highly branched olefins can be used to give much better yields than with
linear olefins or olefins with lower degrees of branching, since the former are
able to develop tertiary carbenium ions with particular ease.

30 The great economic importance of the dibutenes and their successor
products, and the heavy dependency of their performance properties on
structure, therefore, suggested separation of the dibutene mixture.



Neverthel ess, separation by nmeans of the process of the invention is
successful, preferably by a distillative cut between conpopods-yi20esd 16
of 35 Table 4 09 JULY 2003 - 11 For the purpose of distillative
separation, the small differences in boiling point between the isoners
necessitate a colum having an appropriately high separation efficiency, or
the required nunber of theoretical plates This can be achi eved by

i ncorporating columm trays, perforated plates or 5 packings such as Raschig
rings, wire neshes or dunped packings. On the basis of their high
separation efficiency at low differential pressure, particular preference
is given to nmesh packings, such as CY packings from Sul zer, for exanple. 1lo
Compl ete, isonmerically pure separation of the dibutene is unnecessary for
many of its sueemsation pf tuudibsiterienmpetaret bhycdistiflatia, inomeveqris ippssibke énlgct i on

predom nantly conprisi lefins with | gw degrees pf branchin i SO _I.ndex
| ess than 90%%t gﬁtﬂ{élg?caﬁ)ﬁga%ﬁ @W?\SYer! @&le%?mal%éely At 18d 1“?3&% F'E'ﬁ’h
predom nant |y disrBhtsd msbcmlirq boigt Wikt diiveebafRBreeIhefeféreant RicBe ofie 0
index 15 greater than 110%of that of the original dibutenes) has been

found to be entq Hesjrateidtjadt @ay beenoted thatdesthat thenkoiling cargfe Ot 8RR .ng
Thi's moans T BOED Cagidre e ehd2RsG bhder HiagShefy SN Rot 88 05

di met hyl hexeneoopurants hgvé baehidetedted @5 dateer than the iso index of the

original dibutenes (starting olefin). The fractionation of the dibutenes in
the process of the invention can be carried out bye"'neans of continuous

distillation. Ohendiisdadttiat s&dleCaréere 6, BRENSraredseddraicd d@simg daripugssur e
range) i.e.) both under reduced-pressure conditions and under

super at nospheQtREMPOSEESES, el a3 adsorplipveIeIessesstistiliatiarbwit@zgepespher i c
pressure i$y Prgiedlsetr s8pAalBh drOcateeR wifttup KM Fm& PERbR%dps. | ow 3 0 In

t he process of the | nvention, tpftqe n-octene-'containing fraction 1 s obtained
as the bottom product. This fraction has a boiling range of preferably from

110 to 126C, t preferab from115 123C, .un at ric
00 JULY 2003 V44 %'E)Hr‘%éﬁ?é{es‘fﬂ%e%ﬁl?eﬁﬁﬂfﬂé?&Hﬁé%fﬁ?%‘? fio %heécq;o‘i‘%ﬁﬁon t he
other hand, i$setal bpdzasirbpr dieiiopdusihg aﬁh@zé&fmgwmu@t. thasngslebaifl i ng
range under at rmggherlc 5 pressure of from95 to 120C referably from

: rep
105 fo 115C. PREOHBPPifpINeEnied aRAtodiacgtaipanst %’%Ui“@trg’gﬁm?de'ﬁf’wﬁf’%he
process of; 4 hepik rg)v@egsg%w HaRBE [t PosSibf toldafrh @M -oBIfS Whch is'HeBehtA
preferred boiling ranges
a large excess, and requires the use of one part of azeotrope former to one
part of isomer mixture. In dibutene, on the other hand, the proportion of
1-octene is very low; the double bonds present are predominantly internal.
The industrial application of this process to the separation of dibutene is

20 therefore not an option.

US-A 5,292,990 discloses the separation of C, olefin mixtures by way of the
different adsorption/desorption behavior of the isomers on specific zeolites.
This process fequires highly specific zeolites which are difficult if not

25 impossible to obtain commercially, quite aside from the fact that the use of
such pracesses is generally directed to analytical separation techniques. An
industrial application is therefore not an option or at the very least is highly
complex-and uneconomic.

30 A further possibility of obtaining dibutene mixtures with a relatively low
isomer fraction consists in theory in the isomerization of the dibutenes prior
to the actual separation process. One example of such a process is given by



.must. be converted accordingly. 10 The di butene fractions produced wth the
process of the invention can be enployed in subsequent re UQﬂ§(2?0yh|ch
the untreated di butene m xture is also customarily used. These I ncl ude

aci d-catal yzed reactions such as the KOCH synthesis to give tertiary
carboxylic acids and the subsequent use 15,thereof to prepare vinyl esters,
or the al kyl ation of benzenes and phenols, and also the netal -catal yzed
preparation of al dehydes by hydrofornylation, and the further processing of
t hese al dehydes to these corresponding al cohols and the plasticizers
derived fromthem and, still further, the oxidation of the al dehydes
obt ai ned by hydrofornylation, to give non-tertiary 2o carboxylic acids. The

n- oct ene- cont aj ni nqg hottom fracti with a |ow dq\%ree of branching, is
enpl oyed with BEr9684d2d: TagvaiAt ahth 8 pemesizatipnds tofapsiarm atalRisYReISs t o

produce r eadi | i Adegrasable AIAdLE orSteh B Al il | o

2S degrees of branc I ng nore readil han those wth
hi gher degr eescluodsdar amdhtmugs, dﬁdlhhertmmp)hfyfse:bbequérﬁ\wlpaméhdnr amgenagal,of the
bott om product, i s of partlﬁglhgraudvant en the succe roducts are

plasticizers. ROVEXRaMBPE tigtediQJR1ys FRSREHE rpg@ %h?g 4'€ BYEai ned
by hydr of or gy| elrfodlyh&fidaay t %bfer agd 1At Whé houeﬁﬁs |\9W1 deabeer dedreansii ng

t han when using the' unseparated m xture. This, followi ng esteriflication
wi th phthal i c amﬁmmtnm andipr deamipak olefireg whicly agoanporiant frveimarous

bl ast i o zer naiyag e Kol ot TN SSLRLORT U Sfo (86 FRE WRALEL bGIAED! o5)

The di but ene f |ons e 1 nventio n- oct ene
5 contai ni ng antnemmsd dstroettimels hisx eéneretaret abhipugsiblecindasiyiallgaby bmeangdoft o
prepare |sononano4) ndl or .their esters. The isononanols are prepared) for
exampl e, by hy%¥'8 W%F%PH@‘t%Wﬁ%ﬁ&'%@@%*ﬁe correspondi ng al dehydes
and then hygrogenating them The hydrofornylation can be carrl ed out as
desired with cobalt catalysts or rhodium catal ysts. As an ment i on

10 may be madelNoFUreHBEY, tltléé@\amq/mtmeh@meﬁe §9@&a&ﬁan> iﬂ%ﬁtf@ﬂkﬁﬂpéllcﬁb@al ts
t ed t CO I t
0 1 1y o g BN RO by BRSSO enes catal vae

of 1:1 ) to give conpl exes catal yze
t he reaction of the ol efins vvlth synt hesi s gas to the correspondi ng 0Xxo

Gosi 04 al conol B¢ PiARETE EE Bl L ARCRET ol SIEPRRE GO PEITs. B e,
in DE-A 21189 6ifih védrsimiRt, SGb@BAalRiephrABrihtSTANMALAN0sSRERMKIBerdiore

general, the hydrofornylation is conducted with a reaction terrperature of
20 from50 to ‘Qﬁ@@'hﬂﬂpﬁs%‘y'ﬁt RES iSsa8a9NQ rasOlElYOneGaSSAT L 66CORYNUEHY biar . The

olefin, wth Goddloyt wiidbeoBekirdtse S@! BBidid Zekith! o rBet ebfpld.anequs!y
s apparatus and no great energy consumption - olefin mixtures suitable for the
preparation of products having defined properties.
20
It is an object of the invention to develop a process for separating dibutene

mixtures.

it has surprisitigly been found that the fractionation of dibutenes by
25 separation into a virtually n-octene-free fraction (iso index higher than that of

the original dibutenes), which therefore comprises branched olefins, and into

a second fraction (iso index lower than that of the original dibutenes), which

in addition to virtually all the unbranched and singly branched olefins

contains only small amounts of more highly branched olefins, takes place
30 successfully in a single step.

The present invention therefore provides a process for separating dibutenes



.starting material and sol vent. Follow ng hydrofornylation, the catalyst is
destroyed by oxidation, the aqueous phase is separated frogg jogyeseusict

m xture, the uri~eacted olefins are returned to the hydrofornylation stage,
25 and the resulting oxo al dehydes are hydrogenated to the correspondi ng

i sononanol s. Their further processing to give the diisononyl phthal ates
takes place by esterification with phthali d anhydride, with catal ysis by
butyl titanates. 30 A further exanple of the use of the dibutene fractions
prepared by the process of the invention (n-octene-containing and/or

di met hyl hexenecontai ning fraction) is the preparati on of nonanoi c acids
andl or their vinyl 09 JULY 2003 - 19 esters. For this purpose, the
respective olefin fraction is first of all reacted with carbon nonoxide in
t he presence ofintstarong@cériedsostaring $rastib tnavingaan dswindesrairie$d than 8%

hydrates to give tertiary carboxyli.c. acids. The tertiary ca yl.i,c acids
are then react 889 "Heg‘dmpeﬁ'&"%@'f‘ﬁ@ ffﬁ“i@é‘ﬂ?é‘”?ﬁ W%Y%%i@}ééJ&ltrﬂe 5 t he
carboxylic aci gieE1ene brigRal ¥BuRHes ENg. 17, pp. 426-434) as catalyst to

give the corresponding vinyl esters, or the latter are obtained by
transesterification with vinyl acetate (U Il mann, 4th edition, volune 19, pp

368 ff.). Thesg. e re_used as ol yner.s -.for .e for
preparat i on%of g%ﬁkgﬁgdﬁﬁﬁ?ﬂfﬁ?ﬁs ﬁgfea r&?”&é@'rweﬁhé&/é unés'%ell ggtpr%ﬁ%gr nal
to plasticizat dibutert frectinstairl oasmsstdrihe indrvedisd! ficactibes firabetifit finthéro
hydrol ysis. Here again, the use of the bottomfraction vvichh its | ow degree
of branching aPFRGE¥E8T dNFampasiapr ioalhe;sHFcesHer BUeAH of therdirutgnPashixiireed
properties, asyshay s i & raclel hineB AN HaB

hi ghl'y branched | SOnglré’gc’)rt%ﬁd?ﬁ%@égﬁ%r%ﬂﬁa?ﬁﬁré&%ﬁ& oyed w'i’nlgh par tblﬂcuﬁ/ar
advant age whenimpigivadiprepastiesal br eakdown is not required or when

particul arl,y high oil solubility is a factor. Both of these apply in a
particul arl'y high neasure to the netal salts of branched carboxylic acids,
whi ch are usedTablaldy showadseeryabprexampledahatisomed distabutigs .of lan tyhicsl 20
case, higher oil sol ubili nmeans  t hat. hi gher .congentratigns of the netal
salt in the or %?%”%%IPB RAGURRd byt QlioR .“@i“ﬂ@é’?trﬂ 'anEﬁ ﬁ?’&_a&ﬁar%&% ngs
are intended t @itArtbaditol proedbStdgatifer With (NE aS8hMbER Miabe fictiBsItAS e
addition of toxic agents Is of essential mgort,ance. 2 5 These branched
carboxyl i c aci B¥asHie Bt thebbailingdpainismseme pophichnate Bnkregwmdheeiention
hydr of or nyl at i : 1. di Zi r I M Y, , by
hydr ocar bo%él ap?jét?l&d elhgl)?élrtrép}ge&@&gﬁégﬁ%ropr'ﬁggypgﬁzgﬁ?wagéqr%?@??%e is
t he KOCH synt hewsiasyuredsagdirst squaiené. T Heasthed MdentBymindesisgepiasknCGabloding

Monoxi de, Spripger rla i 0 372., U r the. e tion
30 conditions, P%ﬁee ¥§Pb aﬂPﬂEﬁQSb aﬁgge%‘ gpgf?rﬁglloﬁggrﬁgceg 'Rqﬁé rtertifth

di met hyl hexenefrafites aiengn indicatiooiovere ssi@btgeMiidesviniboiingopaiduiséivedn e.
predom nantly ferti arg cirbo lic acids. 09 JULY 2003, - 15 The di butene
fractions prepHtedSeMe scdibrafchian. FamPenRnts Ml AYINGT R doWRIS BBYIERSI § t he
top fraction craHdhid SitdtharChes) semalidlly idtife Beghiéncsui table for

aci d-catal yzed reacti ons where carbeniumions play the part of an
internedi ate, since these ions are forned with particul ar readi ness fromb5
branched ol efi ps’ neraj_Julg, _such Teactions then ggke place,.w ih

i nproved sel ect Mrt ejgﬂ Bﬂpa!’lé{? (s9™%fe use of ol efins Jﬁ\'&#ﬁpif???'é% no
branching. Furfhermygs &gl | ow &@ hydrogenation, the of the isomers
di et hyl hexene} contjai ni ng--10 fractfj on can be used as a gagol i ne conpongnt
with a high ocfane [mgvuadene bl exahpl es which follow are ilntended to

iITustrate thel pregents 4 M don bP3,4‘f‘bmH§/l-{-‘ﬁ%&éhéti ng iltgqpgope 15

Exanmple 1 : -

2 cis-2,4-Dimethyl-3-hexene **

25 |3 728.0 trans-2,4-Dimethyl-3-hexene | 0.07%
4 730.7 2,4-Dimethyl-2-hexene 0.14%
5 733.7 2-Methyl-3-ethyl-1-pentene 0.05%
6 734.7 trans-4,5-Dimethyl-2-hexene | 0.08%
7 736.0 cis-4,5-Dimethyl-2-hexene 0.08%

30 |8 |738.3 cis-5-Methyl-3-heptene 1.13%
9 740.1 3-Methyl-1-heptene 0.71%

?



.Di butene fractionation An industrial dibutene mxture with a conposition in
accordance with Table 4 was fractionated. The col um used é‘fguq_l‘}ezémj | owi ng
technical data: 2 o Total length 27.5 m Di aneter DN 300 packi ngs

Sul zer ,~Y (about 10 theoretical plates per nmeter) Packed length 1 B.72 m
25 In all, 117 el enents of the nesh packi gs were installed on 9 support
grids. The distribution of steamwithin't colum took place by 9 tube
distributors and 8 liquid collectors. The typical operating conditions
were: 30 Inflow 100 hh Distillate - 30 I/h Bottom di scharge ~ 70 Ilh 09
JULY 2003 - 16 Return flow ~ 700 I/h Colum-top tenperature 114C Bottom
tenperature 124C Pressure difference ~ 160 nbar 5 Distillate offtake,
inflow and return flaw were volune-controlled and the botfom discharge
operated wi thjlgye| 7gpptrol . Since tthe 5 dtAY- @Jﬁ@téﬁg ect| g 37epm an

i ndustrial plant 9 COMSEeEqUEntty ner WElre Z nt_f1u %ﬁwjons imthe
concent rat i ong, 't he/4%8 and hot t oh3iMelhdgedivly ene co %1y ana) yzed

by gas chronmat oigr aph5(2 and the infl anm5abhearta¢| -2bersk ng{)yﬂ%:onponenk s 15

was

S

and 16 of the T re used ag re nee, ¢ nts p Bl S purpose.
The col umm was E%eng%vf%w such—ay 5 2815‘55 % b1t0/]
(traps- 3, 4-9i qettdhy] 725 Fexene) was, me@Dlmetrwbﬁshelxleeﬁ oohﬂJG@P/ely present
in the distilllate, gegponent 16 (trtp. 4@&%{}1},@2 hex&sPt pRguqop the of her
hand present &s far_as posstble—<cgr ey thebottomphase,—The—Tol um
was tested in|pif of 7®h6ration |as |tlﬁiﬁl5 %Mlﬁiﬁ)&'# -heptange colPEL”f this fest
it was found fhgt eypmgunder I ndugtdd- glMgﬂa@ﬂQIHéménét is passeble to 20

operate the ¢

roducibty:

5 Byl

T[erj‘\ge[;

on_of pLIQL, operatipn,
Qﬁé?—yi’éed—ﬁgi@as—b i i

2 -Iinifnm fract

the coll ected

chr omat ography 19 he7726ul t ant ol eflighs3kdithgl-Bytsptgenat ed Hbdeétly in the
o abtained, 1 LA EPQPC USRI NS ;8 Cecl WYy Gt o
this 25 periodZ2lis #81.801258°6n_exdnpiGatone ndi vi dual _anal ,819% The respl ts
obtained were|g® fppgpys: St a r%.é -3-BimBhgl-BadRefet t| .78 oduct Top
B S o O L Ao entong, ol O77%
15 | 24 * 122 3°C trans-4-n-Octene 3.06%
25 |786.6 122.5°C cis-4-n-Octene 0.67%
26 |790.8 2,3-Dimethyl-2-hexene 0.10%
27 17883 cis-3-Methyl-2-heptene 6.58%
28 * 122.9°C cis-3-n-Octene 1.11%
20 |29 |789.1 123.3°C trans-3-n-Octene 5.08%
30 1798.8 trans-3-Methyl-2-heptene 11.30%
31 * 125.0°C trans-2-n-Octene 5.10%
32 1802.0 125.6°C cis-2-n-Octene 1.88%
Remainder Alkanes and unknowns 0.71%
25
Table 4: Boiling point data from Handbook of Chemistry and Physics, 67th
Ed., 1986-1987, CRC Press; *The retention indices lie between the adjacent
vélues. They could not be determined precisely owing to superimposed
30 peaks;
**Traces
Nevertheless, separation by means of the process of the invention is
successful, preferably by a distillative cut between compounds' .15 and 16 of
35 Table 4,



.09 JULY 2003 - 17 5 2,3-Dirneth I hexenesO 64% 0 1 %.6%3, 3-Di neth

| hexenes0.27% 0.1 %4 0%, 4-Di neth | hexenes0. 67% 0.1 %2 5§6Xj0elY 2003

ol ef i nsp. 43%). 79%2 3% so i ndex= 1.180.87= 1.71 Table 5: Cumul ative anal ysi s
Exanples 2 to 4 Preparation of tertiary carboxylic acids to Unfractionated
di butene (Exanple 2), the dimethyl hexene-containing fraction prepared in
accordance with the invention (top product,” Exanple 4), and the

n- oct ene-containing fraction prepared in accordance with the invention
(bottom product, Exanple 3) were reacted in accordance with DE 23 39 947 15
to give tertiary carboxylic acids. The catal yst used was a conpl ex
conprising boron fluoride and water, with Cu+ as cocatal yst. The reactions
took place in a stirred autoclave within a tenperature range of 20-35C and
under a CO prek8uthe plrEBeval distilative sepaiadionatensmall cliffereanes ¥y besiner i ng

in further CO T i S0 t : | onger
2 0 observed. %%-'Bgrb %@?%%WM%Z“@%%&? 't%%ageciﬁvr\glﬁer%%?g? é%b%%'g\é\@}grh%&y
distillative wigksppafatibheffiietsts, oatHoreuiedatinlsergs\tremrietidalotiateal Thize

foll owi ng conposi tion Cg{f@%gur es in %by"mass). 25 30 Exar&)lée %Exiam | e 3Exam
| e 4Product Car Rk 1§ ARG PIAEYr BSYPPI@tiAGI GOBEH) BES| iRETERIGACP!BE D) Gfet h

the tannic aci el 895 A7 Rllehfd diadk Sjife hichRX8BP empeiuubictal: OFl@2- Vet h

I-2- ro | entanolc acid/. ent anol c
aci d3. 402. 022. Basipothes High sapdnatidnesféiciency at low differential pressure, particular

s 5 10 2, a- OREEROTS 5 A IO ARG it an B o e
| hexanoi ¢ aci déxamiple100. 742-Meth [-2-iso ro | entanoi c aci d5. 4411. 41

97~2, 3- Di net hyl - 2- ei hyl pentanoic acid
A7.2718. 93. 402, 3-Di net hyl - 2-et hyl -pentanoic acid B .7.5920,1 '3.542-Eth

I6- EX ;rsrgl reglg b?(gé@\?)iéie,a%bﬁi’eri%%ﬁy $efe 38Fhiftion SMKBABLIBRE 45 AnRBdesk3Py f§ Tabl e
many of its successor products; in practice, fractionation into a fraction
predominantly comprising olefins with low degrees of branching (iso index
less than 90% of that of the original dibutenes) and into a fraction
predominantly comprising olefins with higher degrees of branching (iso index

15 greater than 110% of that of the original dibutenes) has been found to be

entirely adequate.

The iso index of the n-octene-containing fraction is preferably below 1.0 and
with particular preference below 0.9. This means in both cases that the iso

20 index of the dimethylhexene-containing fraction is greater than the iso index
of the original dibutenes (starting olefin).

The fractionation of the dibutenes in the process of the invention can be
carried out by 'means of continuous distillation. The distillation can be

25 performed within a wide pressure range, i.e., both under reduced-pressure
conditions and under superatmospheric pressure conditions. However,
distillation at atmospheric pressure is preferred in order to keep the technical
complexity low.

30 Inthe process of the invention, the n-octene-containing fractiqn is obtained
as the bottom product. This fraction has a boiling range of preferably from
110 to 126°C, particularly preferably from 115 to 123°C, under atmospheric



.15 The mixtures of tertiary carboxylic acids obtained in Exanples 2 to 4
were reacted with acetyl ene at atnospheric pressure at a tgPygL¥t20038 of
190220C in the presence of the zinc salt of the respective acids to be
reacted, maccordance with the equation: RRCOOH + HC ---- CH, R-COO CH =
CHZ The reaction was conducted in accordance with the nethod of G Hubner)
Fette, Seifen, Anstrichmttel, 68, (4),_pﬁ? 290- 292 (1966). Fol |l owi ng
distillation, vinyl esters were obtained with a purity of >= 99.8% 2 5 and
according to analysis by gas, chromatography these esters had
essentially the sane i somer conposition as the carboxylic acids enpl oyed,
these esters aye referred to below as vinyl ester A (based on di butene as
such, precursor: carboxylic acid A), vinyl ester B (based on bottom product
of the distillpessureof Exanple 1, precursor: carboxylic acid B), and vinyl
ester 3 o C (based on top product of the distillation, Exanple 1,
carboxylic acid C). Exanples 8 to 12 Hormppol ynmers were prepared fromthe

vinyl esters th@ﬂﬁ‘ﬁé}h?ﬁle%ﬁé cBn{d?mPgQFaacithYoﬁQ% othérharRE ¢ObBRINGE] Wt h the

foll owi ng standard procedure (Ex and their glass transition
poi nt was det dhgi tepdprasiuat. rwastHFchﬂdudhehas adiotlig rangg dRderopialosmbesct or

i nt er nal sticizati nmaterials to Parts b

wei ght Vi n |§ sérgﬁs%ﬁe quﬁoé?tgge{ @Oqg @05%% Qfﬁb'%fréﬁl ﬁ%w%eous haseD |
wat er 70. 00Ani oni ¢ surfactant, e.g. Marlon A 390 (85% active

subst ance0. 03 ni c surfact ant, e.g. Marlon 820 (259 rength

sol uti on8. OOP'(;‘? PUWQJPBQ@%N‘%‘?JW@P@VR @Wrﬁmaégnh%ﬁ E‘ Pﬁ&ﬁﬁe@ B8H dr ox
leth (cel | ul oSaveriion- lsBlﬁé bt é’g&eh}jﬁfes@%so%ﬁ%é%ré\‘%h@d%ﬂﬂ/@] riplgakt i at or

sol uti onPot assi um er oxodi s at e wat er 1 ocedure The aqueous
phase and abounusi0vs @@n\tﬂﬁ@dmnmélﬂgwere heat ed W|th 2 5 stirring to 75C
After 15 utes at this tenperature) the remai nder of the nononer and the
initiator solution were nmetered in in separate streanms. The nononer was
added at a uniThe aibuere maetion@msduuetde\mﬂatﬂmb phecessi dfithe anvesbibotdambever
135 mnutes. Durin he nete |t|on e |nta|ned

t enper at yr e, was
between 75 and'BOIEYe ﬂ%‘lbsﬁq q ﬁ%‘f' 1of5dn WPW&J\@? %npélt?cﬁ H'inbe@om UEE sane
tenperature, tdigoRakmams useal THet® ilcheIB é@ﬂRﬁt@Wt@@redﬁtnbﬁ@%ha’h a8lthe
following filtration, the resultant emulsion was used to produce
KOCH synthesis to give tertiary carboxylic acids and the subsequent use
15 thereof to prepare vinyl esters, or the alkylation of benzenes and phenols,
and also the metal-catalyzed preparation of aldehydes by hydroformyilation,
and the further processing of these aldehydes to these corresponding
alcohols and the plasticizers derived from them, and, still further, the
oxidation of the aldehydes obtained by hydroformylation, to give non-tertiary

20 carboxylic acids.

The n-octene-containing bottom fraction, with a low degree of branching, is
employed with particular advantage, for example, when the intention is to
produce readily biodegradable products. As is known, alkyl chains with low

25 degrees of branching are more readily biodegradable than those with higher
degrees of branching.

Furthermore, the low level of branching of the bottom product is of particular
advantage when the successor products are plasticizers. For example, a
30 less highly branched isononyl is obtained by hydroformylating the bottom
fraction with its low degree of branching than when using the ‘unseparated
mixture. This, following esterification with phthalic anhydride, for example,



nmol di ngs of which the glass transition points were determ ned by torsional
vi bration analysis in accordance with DI N 53455. 09 JULYO2JQURY-200D In
addition, two conmmercially customary vinyl esters of known glass transition
poi nts were subjected to the sanme procedure in order to ensure the
conparability of the test procedure. The_s«(a:lOBWQre firstly a vinyl ester of
tertiary Coo acids (based on tripropene, nparative Exanple 8), r~ihich is
in 5 wi despread use as an internal plasticizer for e.g. vinyl 'acetate
(literature glass transition point -3C). Secondly, use was nmade of a vinyl

ester of tertiary C9 acids (Conparative Exanple 9), i.e. a vinyl ester with
the same enpirical formula but a different degree of branching than the
vinyl esters prepared in accordance with the above exanples (literature

gl ass transiti 9% &PIstiEEZer Raving Magieshy BRPreEeEPropertes {sfe/comgsrativel  The
measurenment s gayenbfagyfollowi ng data: 5 Exanple8 (com9
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vinyl esters based.on tertiar and .C, o carboxylic, 10 acids (W Lau,
Veo{//a, a Vinyl ?%g@“t éﬂgﬁ%ﬁ%9% dn @8?@9@%5@ i@@,'”‘é‘?”“@@)(g"ﬁﬁ?%’ary

1996) Conpakat byftalRiRgPaRHof cﬁfh‘ét@llﬁéB@Het&ﬂ{taihnﬁngﬂta%ggﬁf"%ahobguhéiéa01'8)
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t hat 15 nor mal PRgPaig ispnoeanpker gnador twinesigisi dhadsanonanplsyaregyepareché®i ng an

v hiah M . ; . | : |
onsut tanl e f or SR B ARl Re s iy SR AT EE oo bl RE Aoy, o
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e ol & 8) - TRESH wih Yobis Al FhpRmt e EN DAL EXATElR PIRE bt ene
distillatioo (fagmel fadd of cobalfcatl) R rehbROTP by dtoms e wkictredballgditd reby
conpari son a conononer having a very substantially |5E£pved | asti ci zi ng

action. Even tiRaGR@HLBaUAUS pRlUiPRMIReyNesis B¢ (ir ¢ iy dyRmeralid ofs
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substantially | one ass transition paint e conparative product
from Exanpl e oreactions ef abea otefmsnwitr syothesist gaaalo pheastorcespnidong iexot he

paraneter, the t p u r i S

suitable in coérrlgfgﬁ&gg% ﬁﬁet hg&pﬁgaﬁ%@%@ %%%gé%?®§ g&d@e{ét@or{gn{é}eﬂ.

09 JULY 2008 -de&dred alcohols. These processes are known and are described, for
example, in DE-A 21 39 630, DE-A 21 06 252, DE-A 22 44 373 or WO
93/24438.

In general, the hydroformylation is conducted with a reaction temperature of

20 from 50 to 200°C and a synthesis gas pressure of from 100 to 400 bar. The
olefin, with or without an alcohol as solubilizer, is used simultaneously as
starting material and solvent. Followjng hydroformylation, the catalyst is
destroyed by oxidation, the aqueous phase is separated from the product
mixture, the unfeacted olefins are returned to the hydroformylation stage,

25 and the resulting oxo aldehydes are hydrogenated to the corresponding
isononanols. Their further processing to give the diisononyl phthalaté‘s takes
place by esterification with phthalic anhydride, with catalysis by butyl
titanates.

30 A further example of the use of the dibutene fractions prepared by the
process of the invention (n-octene-containing and/or dimethylhexene-
containing fraction) is the preparation of nonanoic acids and/or their vinyl



The tertiary carboxylic acids of Exanple 7, on the other hand (carboxylic
acid C, based on top product of Exanple 1 ), give cononongygsJubhycipgsave
only a small plasticizing effect (see Exanple 12). Because of their greater
branchi ng, however, they are particularly suitable, for exanple, for the 5
preparation of oil-soluble nmetal salts sugh as drying accelerators for
coating materials and stabilizers for PVC or for hydrol ysis-stable esters
as solvents. Exanples 13 to 13 1 o Phthal ate plasticizers were prepared
fromthe fractions of Exanple 1 in the follow ng way: The respective olefin
fraction (starting material, bottom product and top product) was

hydr of ornmyl at ed as known fromthe literature using synthesis 15 gas (CO H2

~ 111 ) in the presence of cobalt conpounds as catalyst and at about 200
bar of 180C. I@%ﬁﬁ-H:élfH@@Lﬂ‘{raﬁﬁem@&d@ﬁ%@ﬁtt}’ies@ﬁﬁ'ﬁé’é‘,c“%’/%és ﬁ%sépgﬁ“ﬁ?%‘éfﬁgts (C9
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enpi rical forngdifof tNecaibekPRd bYidef(EnBfciePblint JEICERRS&F, ?9. 1y 4dageee of

branchi ng goes up; conversely, the plasticizing 25 properties are | nproved
as the degree Galyshiogive dhe apirespendiag 8inyl esters, asHbodatiarare PhtainethBybot t om

q ? he distillati I . . e .
bt ai ned. 30 AT uElBl i, YA RS le DU RRRRA T M e o BE R uRe R L K oun
C9 al cohol's, V@B&Hf.Lollmsse alstars &8%wuebdtde copbimearkcofml exaThie, fendhader

are unresol ved ot her. i sqgmer s. of al cohol.s. The vi,scosity relates tq the
respective  (JYCHBE 090‘3 Qaﬁ@d ‘%Yﬂﬁ)"a"t’%etﬁtree ) tﬁ?’b?ﬂ' ﬁe?baﬂu?HﬁSf” i xture
(measured ad JN&sticization While @t B samekidd ket &ding $hé stabilility to hydrolmieri al

' Bot t omTopn- Cct enes17. 5925 0%). 0%vet h the tenesb4. 7965. 0%31. 0% net h

| hexenes27. 7viltea93i0v N HES Ofitha bettrmifestisn withuitglow degree of branching

al cohol sn- Nonagi Sy &/ Arefy il BrMal finhRiybaRat h 816 pfMlcR¥E-frbPertiag, as
t anol 2. 598. 3%). 092- Pro | hexanol 2. 092. 9%9). 0%i- Met h

| oct anol 17. 3%Ehoswpbbthe axampiesh t he tanol 1. 8%2. 294. 293-Et h t he

tanol 7. 098. 4%. 0%2-Pro 1-3-eth | entanol 0. 299. 299. 12-Eth | -4-neth

| hexanol 2. 59%®2. 8%d.. 592, 5-Di net h t he tanol 8. 299. 9%l. 7%6%- Met h

| oct anol 171 $9%@Thedtdip Paeticor, Bonedining reghiigmoearchedliBomets mrofie- dhar hadd et h

R T R
plasticizer hadghigedoP@hdn pEHRUIAYlY hYM ol SA@Sityds iaSaoler BAEDT these apply
in a particularly high measure to the metal salts of branched carboxylic
acids, which are used as drying accelerators in paints and coatings. In this
20 case, higher oil solubility means that higher concentrations of the metal sait
in the organic medium can be obtained. Since the paints and coatings are
intended to protect the substrate, a ipng service life without the addition of
toxic agents is of essential importance.

25 These branched carboxylic acids can be obtained from the top fraction either
by hydroformylating and oxidizing the resultant aldehydes or, preferably, by
hydrocarboxylation. One example of an appropriate process in this case is
the KOCH synthesis, as described in Falbe, New Synthesis with Carbon
Monoxide, Springer Verlag, Berlin 1980, p. 372. Under the chosen reaction

30 conditions, the more highly branched olefins of the dimethylhexene-
containing fraction give stable Markovnikov products, i.e., predominantly
tertiary carboxylic acids.



.09 JULY 2003 24 Clains 1. A process for fzactionating a dibutene m xture,
the process conprising: separating a di butene m xtwe, havigeg)dy i2003i ndex,
into two fractions; an n~octene-containing bottomb5 fraction having an i 50
i ndex of less than 90 % of said iso index of said dibutene mxture; and a
di met hyl hexene-containing top firaction-hagi Ag an iso i ndex of nore than
110 % of said iso index of said dibutene m xture, wherein said dibutene

m xture conprises trans3, 4-di net hyl - 2- hexene and traps-5-net hyl - 2- hept ene;
and said separating conprises taking a distillative cut between the

traps- 3, 4-di net hyl - 2- hexene and traps-5-nethyl-2 10 heptene. 2. The process
as clainmed in claiml, wherein said n-octene-containing bottomfraction has

wheroin sard rihsBERASEE Fkifos b etkreein AeeRI S EnRUA T PR R AR oss
than 0.9. 4. Bspepialigels t@s fratBomedmiphisiigbmanthetMatsf@isn asahdhfepataatie ng of

sai d di butenG m xture conprises continuous distillation. 2A 5. The process
as cl ai med i n ‘el &Cid-qatalyzedeisactions gvigrer CAIDANVWR iP8S Ry dhaerptimiern

at nospheric pr it o i NG Cleal i sai d
n- oct ene- cont éﬁ%i?ﬁgaﬁggt %‘ﬁégftﬁé%i?%ﬁs ?ge géﬁ%ﬁgﬁﬂr’\\e%&]ggm? ég?%renégrf@&ct and
sai d di net Hyl hesscresd olefias nAsga tgepief alacte, ssudhsrezistians dioerasalee placepwiduct in

id tin 7. Th : | ai laim 1, wh ' id
oo sne ot A L BT 28 o B T AP BV DR e o
under at nospheyagctimgssure. 30 8. The process as clai_~ned in claiml1,

wherein said n-octene-contai ning bottomfraction has a boiling range of |
15 to 123 C. under atnospheric pressure_ 09 JULY 2003 25 9. The process

as clained in : | j i I e i, 1 fraction

has a boiling Fﬂéﬁ%gﬂgge'gggﬁﬁbgowg? Oggén@wt %sgﬁ‘eﬁtlﬁgﬂggéessu?@%g@qo, The

process asl@l| diactidnicandieniisad 3s aigaseline sampodientwiily laHege natareoxdmbéni ng t op

fraction has a bailing range of 105 to I 15 C under atnospheric pressure.
The examples which follow are intended to illustrate the present invention

but without restricting its scope
15 Example 1 Dibutene fractionation

An industrial dibutene mixture with a composition in accordance with Table

4 was fractionated. The column used had the following technical data:

20 Total length 27.5m
Diameter DN 300
Mesh packings Sulzer CY (about 10 theoretical plates per
meter)
Packed length 18.72m
25

I all, 117 elements of the mesh packings were installed on 9 support grids.
The distribution of steam within the column took place by 9 tube distributors

and 8 liquid collectors. The typical operating conditions were:

30 Inflow 100 I/h
Distillate ~301/h
Bottom discharge ~701/h



. 11. The use of the dinethyl hexene-containing fraction as set forth in
clains 1 to 6, >and 1 D for preparing nvnanoi c acids. 10092UlVe003e of

t he di net hyl hexene-containing fraction as set forth in clains 1 to 6, 9 and
10 for preparing isononanol. 13. The use of the n-octcne-cox~ta~in.ing
fraction as set forth in clains 1 to 8 forpreparing 15 i sononanol. 14.
TIte use of the n-octene-containing fractlon as set forthinclains | to 8
for preparing nonanoic acids. 20 1S. The use of the

di xnet hyl hexene-containing fraction as set forth in clains 1 to 6, 9 and
10, follow ng hydrogenation, as a notor fuel conponent.
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T0% () - vy 100 ) oot by fiine HEb Gy un%%8£§*45§~%?°%39w% boRotodE ) -
109%&' () - F3M ldgprgate)the column reproducibly. After the conclusion of pilot operation, the
collected top and bottom fractions were again analyzed by gas
chromatography, the resultant olefing being hydrogenated directly in the
injection block of the gas chromatograph. In this way a cumulative analysis
is obtained. The analyis of the feedstock, which changes slightly during this

25 period, is of course an exemplary individual analysis.

The results obtained were as follows:

Starting|Botto m| Topproduct

material product
30 | n-Octene 16.8% 24.0% '<0.1%
3-Methylheptenes 56.5% 65.3% 29.1%

3,4-Dimethylhexenes 24.7% 10.0% 1 63 5%




1 #F&M 109%&' ()- ! (F :110%& ()-!#F :110% ()-0[1 CDE F S }rg\=

109" f 109& ()- 10 10 10<109& ()-!(Y9 ! 109& ()-sS6109%& ()- 09V Y@DR3()-FS Y
ya?g\ =" 10% & 10%& ()-39 10%&' ()-3'9 10%,& ()-3 109& ()- 10% ()-

9100& ()-1 z :]7<g\=" 109 11 M 109%& ()-!, | M109%& ()-!# M 109& ()-f
109& () - 109 ()- & 109%& ()- 3: C}oaMF"le‘Z@()- 10 10 10!, 6 ! 109%& () -

I # 6" 11098 ()- 93s10% ()-1 M 109& ()- EHzX9aS4 9! 10% & ()- ! 9!109%& ()-
191 109&' () -
2,3-Dimethylhexenes 0 64% <01% 1.6%
3,3-Dimethylhexenes 0.27% <0.1% 1 0%
2,4-Dimethylhexenes 0.67% <0.1% 25%
Other Cq olefins 0.43% 0.7% 23%
5 | Iso index =118 0.87 . = 1.71
Table §: Cumulative analysis
Examples 2to 4 Preparation of tertiary carboxylic acids
10

Unfractionated dibutene (Example 2), the dimethylhexene-containing fraction
prepared in accordance with the invention (top product, Example 4), and the
n-octene-containing fraction prepared in accordance with the invention
(bottom product, Example 3) were reacted in accordance with DE 23 39 947
15 to give tertiary carboxylic acids. The catalyst used was a complex comprising
boran fluoride and water, with Cu* as cocatalyst. The reactions took place in
a stirred autoclave within a temperature range of 20-35°C and under a CO
pressure of 30 bar. The pressure was held constant by metering in further
CO. The reaction was ended as soon as uptake of CO was no longer
20 observed.

Separation of the catalyst phase, water scrubbing and distillative workup of
the crude carboxylic acids gave products of the following composition
(figures in % by mass).

25
. Example 2 Example 3 Example 4
Product Carboxylic | Carboxylic | Carboxylic

acid A acid B acid C

2,2-Dimethylheptanoic acid 7.31 2.30 8.17
2-Methyl-2-ethyl-hexanoic acid 54.3 21.7 71.0

30 2-Methyl-2-propylpentanoic acid 7.09 3.62 6 99
2,2-Diethylpentanoic acid 3.40 2.02 ] 2.54
2,2,5-Trimethylhexanoic acid 0.83 1.71 1 0.09
2.2 4-Trimethylhexanoic acid 0.81 2.13 018
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2,4-Dimethyl-2-ethylpentanoic acid | 1.76 4.44 030
2,2,3-Trimethylhexanoic acid 2.54 7.10 0.74
2-Methyl-2-isopropylpentanoic acid | 5.44 114 197
-2,3-Dimethyl-2-ethyipentanoic acid | 7.27 18.9 3.40
5 [A
2,3-Dimethyl-2-ethyl-pentanoic | 7.59 201 ' 3.54
acid B ‘
2-Ethyl-2-isopropyibutanoic acid 1.19 3.45 055
Other, unknown acids 0.50 113 0.48
10
Table 6

Examples 5to 7

15 The mixtures of tertiary carboxylic acids obtained in Examples 2 to 4 were
reacted with acetylene at atmospheric pressure at a temperature of 190-
220°C in the presence of the zinc salt of the respective acids to be reacted,

In accordance with the equation:
20 R-COOH + HC = CH - R-COO-CH = CH,

The reaction was conducted in accordance with the method of G. Hubner,
Fette, Seifen, Anstrichmittel, 68, (4), pp. 290-292 (1966).
Following distillation, vinyl esters were obtained with a purity of >= 99.8%,
25 and according to analysis by gas chromatography these eslers had
essentially'the same isomer composition as the carboxylic acids employed,
these esters are referred to below as vinyl ester A (based on dibutene as
éuch, precursor. carboxylic acid A), viny! ester B (based on bottom product
of the distillation of Example 1, precursor: carboxylic acid B), and viﬁyl ester
30 C (based on top product of the distillation, Example 1, carboxylic acid C).

Examples 8 to 12

Homopolymers were prepared from the vinyl esters of Examples 5 to 7 in
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accordance with the following standard procedure (Examples 10 to 12) and
their glass transition point was determined as a measure of their suitability

as copolymers for internal plasticization.

5 Starting materials

Monomer | Parts by weight
Vinyl ester of a tertiary C4 qr C,, carboxylic acid 100.00
Aqueous phase

10 | Dlwater 70.00
Anionic surfactant, e.g. Marlon® A 390 (85% active 0.03
substance)

Nonionic surfactant, e.g. Marlon® 820 (25% strength 8.00
solution)

15 | Potassium peroxodisulfate (K,S,05) 0.10
Potassium carbonate 0.25
Hydroxylethylcellulose, e.g. Natrosol 250 L (or LR) 2.00
Acetic acid (100%) 020
Initiator solution

20 | Potassium peroxodisulfate 0.23
DIl water 12.00

Procedure

The aqueous phase and about 10% of the monomer were heated with
25 stirring to 75°C. After 15 minutes at this temperature, the remainder of the

monomer and the initiator solution were metered in in separate streams. The

monomer was added at a uniform rate over 120 minutes and the initiator

solution over 135 minutes. During the metered additions, the temperature

was maintained between 75 and 80°C. After a further 120 minutes of stirring
30 atthe same temperature, the batch was cooled to room temperature.

Directly, or following filtration, the resultant emulsion was uséd to produce
moldings of which the glass transition points were determined by torsional
vibration analysis in accordance with DIN 53455,
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empirical formula but a different degree of branching than the vinyl esters
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prepared in accordance with the above examples (literature glass transition
10 point in the region of +60°C).
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F: 10%&()-||Wmm/?lv&a U410 F il:110% & ()- F@10% & ()-F || 110%&() F
Fs310% & ()- F 109 - F10% & ()- ofop%tqqq|[: bU410 F F4s10% & () -
FI1110% & ()- F F/310%& O-FdI1&aM10%B & ()- &M 109 & () -

121109 & () -9 Aep et b4 rify fch?iz)Hl@%r&'né)mat;rial, bottom product and top
product) was hydroformylated as known from the literature using synthesis
15 gas (CO/H, ~ 1/1) in the presence of cobalt compounds as catalyst and at
about 200 bar of 180°C. From the resultant reaction discharge, the useful
products (C4 aldehydes and ( alcohols) were separated off by distillation
and, again in a known manner, were hydrogenated to the alcohols. The
resulting isononanol mixture was finally reacted with phthalic anhydride, in a
20 known manner, to give the corresponding phthalates.

The phthalates were tested for the suitability as plasticizers by measuring

their viscosity. For a given empirical formula, the viscosity of the esters

decreases as the degree of branching goes up; conversely, the plasticizing
25 properties are improved as the degree of branching falls

Table 8 clearly shows that from the bottom product of the distillation of
Example 1 a particularly good plasticizer is obtained.

30 The table below indicates the isomer distribution of the known C4 alcohols,
which covers about 98% of the total alcohols. The remainder aré unresolved

other isomers of C, alcohols. The viscosity relates to the respective
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| # 1090"9& ()-3 1099"9& () - 3#3
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| # 1099" 9&' () {BtHALER! 9@ pajedBirdfMIEAEEdHe! idture (measured at 20°C).

X 1099"9& ()-3 109" 9& () -3JsBRsSspsss™=sR11 | # 3F10% & ()-3 3° 10WB & ()-
3LMLO% & () - 1099"9& ()-3#3 X‘ 1099" 9&' ()-3sDttsuGvlvyv|[:sR11 |

3L 108 8 O S (T SLSSCI 1) | o IO 8 ) e e v o
109 & () - 3F&§>ﬂl%|& ()- 330 10% & () 3's 100/65&1 é)rtvi%@ww@ld(rvjqu?ll |V,
2 10% & ()-V;2 108 & ()-V;2 108 & ()-V;2 109 & (
ma erlal
5 | n-Octenes 17.5% 250% |0.0%
Methylheptenes 54.7% 65.0% |31.0%
Dimethylhexenes 27.17% 10.0% | 69.0%
Isomer distribution of the C, alcohols
10 | n-Nonanol 8.4% 12.4% | 0.0%
2-Methyloctanol 4.6% 6.4% 0.0%
2-Ethylheptanol 2.5% 3.3% 0.0%
2-Propylhexanol 2.0% 2.9% 0.0%
4-Methyloctanol 17.3% 20.5% 9.6%
15 | 2,3-Dimethylheptanol 1.8% 2.2% 1.2%
3-Ethytheptanol 7.0% 8.4% 4.0%
2-Propyl-3-ethylpentanol 0.2% 0.2% 0.1%
2-Ethyl-4-methylhexanol 2.5% 2.8% 1.5%
2, 5-Dimethylheptanol 8.2% 8.9% 4.7%
20 | 6-Methyloctanol 17.5% 21.0% |9.9%
4,5-Dimethylheptanol 22.3% 8.1% 55.0%
3-Ethyl-4-methylhexanol 54% 1.9% 14.0%
Viscosity of the mixture at 20°C in mPas | 77 68 103
25 Table 8

From the bottom product from dibutene distillation, therefore, a plasticizer

having a particularly low viscosity is obtained.
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7. The process as claimed m claim 1, wherein said n-octene-containing bottom fraction has

a boiling range of 110 ta 126 °C. under atmospheric pressure.
30
8, The process as claimed in claim 1, wherein said n-octene-containing bottom fraction has

a boiling range of 115 to 123 © C. under atmospheric pressure.
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" #3%854 ) 15. The use of the dimethylhexene-containing fraction as set forth in claims 1 to 6, 9 and 10,

following hydrogenation, as a motor fuel component.



