;e3el g El d@oAB. BDGET EELT 02 JULY 2003 Process for preparing Srnﬁpqesters
frombutene |igomers The invention relates to a process f o2 JULAD200g Vi nyl
esters from butene oligomers, mparticular from dibutene apdy % ne, and
to the use of these vinyl esters Vinyl esters of tertiary carboxylic acids
- have long had a firnly established placg in industry as conononers, in
particular as internal plasticizers for the production of environnentally
friendly water-di spersible surface coatings and pai nts based on vinyl
acetate. Apart fromtheir plasticizing action, they give the copol yners

further advapregasiforysepati gajn?ueﬁe%f%hgbu&#&oghéém?é on resistance
whi ch nmake the copolyners suita or uSe un ondi ti ons.
Exanpl es which nmay be nentioned are exterior paints and thermally
insulating r

ders qn bui l di The pl asticizing properties of vinyl
esters, in piBFi'erg'rO"cWé%tgs 38 3 BFQ‘ieéEJO'bB'felﬁ’@del‘@ﬂ)écﬁS&%’S feepdnderam their
hai n | thg h f th
Cnternal ol agtoa e gt BRI SmLEY oo, PRI s TS e ROR

tenperature ufesbhmyr;@smspondl ng honopol yner. Corrparl son of the

pl asticizing properties of vinyl esters of various chain | engths by nmeans
of the glass transition tenperatute To of the respective honopol yner shows
t hei r dependgng o th | ar ss or on egree of branchin

SOy 2005 2 R AeReh 8T ITRRlsBRRy Rl e fol)ad Ayircihnssbished
tt~eestertra @lcénﬁnﬁ@&@ BaRShidRmsRED r t rreaci d[ Cl [C
]vm 1 Cz- estgrw n ace{ytat e+ 38 33Vi ny?’x%{,ésmg‘g‘tggra\g/l‘ﬁse Fﬂ% r%ér?rgﬁgt eVin
C4-estervin ihebmmdmlmn 5ofi rgﬂvtmmmtaﬂy faénd(y " Watet-disparsinie - 8Grf4ckD) ' r o

anoi c aci d\/ 4] | - §02 2-di net hyl - 41 x' hexanoat ebut anoi c
aci dVi nyl %‘:ﬂgér‘?}? nt%%)@gg ﬁc@ta ZAQEN &om thalr IPé&ﬁ"ﬁtZélg 75 -53
(Encycl 0|oedI actm‘n lﬂ@éwgﬁb lﬁé'&iﬂfb@rﬁé}‘éf Re&RdrtheotR! profdeticl sutited 1989),

J. Wley ~ Sons. U I'mann' s ncyc rla Geni stry,

Vol . A22, p.high @nnwam@am;ganvewmh ﬁakmtkaé co;ﬁolymersﬁsxﬁldb!E@@dﬁe Surf ace

Coati ngs Austr " own measur enent
g nc?‘er severe congﬂlons Eggmplles whtch ngay be mentioned are exte?lor

paints and thermally insulating renders on buildings.

The plasticizing properties of vinyl esters, in particular those of tertiary
carboxylic acids, depend on their chain length and on the type and position
of branches. One measure of the internal plasticizing action of copolymers
Is the glass transition temperature of the corresponding homopolymer.
Comparison of the plasticizing properties of vinyl esters of various chain
lengths by means of the glass transition temperature T, of the respective
homopolymer shows their dependence on the molar mass or on the degree
of branching,
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- chai ns,

. These data are suitable only for conparison with one another, since they
can vary with the nethod of producing the test speci mens gnguiwt#oodhe test
nmet hod. However, it can be seen that the plasticizing properties inprove
with increasing chain I ength of the vinyl ester (in the case of |inear

to an al kyl radical having 12 arbon atons). In particular, the
vinyl esters of linear carboxylic acids have very good pl astici zi ng
_properties) but are less suitable for many applications because they are
easily saponified. In contrast, the vinyl esters of tertiary carboxylic
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02 JULY 2003 4 A disadvantage of the processes for preparing vinyl
of ClOcarboxylic acids is that the propane required is a conparatively
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method. However, it can be seen that the plasticizing properties improve

with increasing chain length of the vinyl ester (in the case of linsar chains,

to an alkyl radical having 12 carbon atoms). In particular, the vinyl esters

of linear carboxylic acids have very good plasticizing properties, but are

less suitable for many applications because they are easily saponified.

In contrast, the vinyl esters of tertiary carboxylic aclds can be used more

widely, since they are very resistant to saponification, heat and oxidation,

However, the tertiary branching drastically reduces the plasticlzing action

and further branches in the chain result in a further deterioration, as the

following examples of homopolymers of vinyl esters of tertiary Co-

carboxylic acids show:

esters

thg gni fi cant
tion.



.shoul d be pointed out that even in the tripropene fraction of the

ol i goneri zation products, the nunber of isoners is so higip ol 2003 yti cal
nonitoring is difficult. The conversion into carboxylic acids lastly forns
such a hi gh nunber of isoners chat a product m xture having properties
which are difficult to define results \nyi esters of tertiary carboxylic
aci ds having nore than 10 carbon atons have been exam ned to sone extent
~(e.g. WD 93122353). They all have a plasticizing action, as can be expected
fromtheir relatively |long carbon chain. However, firstly, the raw

mat eri al s regui-red—are—freguenttyr—noet—ayattable—at—a sufficiently lgw price
and, seconqITﬁﬂiﬂnerﬁ@@hp&ﬂlma¢ﬁC{Sy i n t helassplrapsitiondeapdératureds6t Wit h

i ncreasi ng N T ength. —Some, 0f _The vinylesters of tertiary carboyylic
aci ds havi r%h? @eﬁ'f@#]’fﬁp@é’ryg)&ﬁa%?'ﬁns are | i kewi se Rd8wn and have lieen
exam ned fq@itability as plasticizers. Thus, the vinyl esters baged on
pivalic aci{6_ ord Kaf ﬁﬁ@ﬁi hpse based on tiary Ca acilgs
(VeoVa9) hegeé@"ﬂ?g'iggﬂ@ter!% @ﬁgﬁ%!\dma but_hot h aﬁjéhar dening cogononers
i n conpari §@2 8B-Teimpmedndpaitanolctaciul ¢ t heref ore beggesirable to e able
to use raw{naterial %glléhﬁes orfrer —ttanm propame—or—its otigoners for
preparing |itH§PVede i ch have the shme or bett &0 §O¥sti ci zi ng
properti R i - , fof exanple, theLl0-carboxyli¢ acids
based an r?ﬁg&ﬂ@%ﬁ”%ﬁ?ﬁﬁiﬁg?@% ngl | heen_found t?l it tertiary ﬂ

car boxyl i c( ac? dsTrimettyitexanokesid pr epar ¢d from but anei@l i gomrers arejvery
wel | suited—asptastrcizers: 023 Y -2003—5—TFhe—present—nventt+on
accordingly provides a process for preparing vinyl esters which conprises
a) vligomer(gi ng. byt 28&5alldh) JEPAsrRiduleh, OV, thevhNt QestRiNeBONREeSehr OM t he
ol i goneri zation product, c) converting the butane oligonmers into carboxylic

aci ds havi n@pexstopmert ipdatices hesed andiny! stersaf branchedMonetarkokylie aci ds

into the cory i i e The vinvl ter repaf by t he
process of ﬁié_ﬂﬁgﬂgn{}?eo%ag%’timﬁ&@{e\?\%rﬁe §Ui‘,tvg_%teé'§%gb B§ _ ?ﬁgqo%?repari ng
internal ly plgasgi qbegd memita Rs®e|, E¥AGEH)ES" WV, ChauTeVefga®eVingngdiar e t he
copol yneri zation of vinyl Cecarboxyfate with vinyl chloride, and the

copol yner i zMongines Pelygiany Poleemdiagazng ofgin2: Nowkt helact88G@i es are also a

potential figl applJ ' t of vinyl ar ed
accordi ng tchfvﬂae&%yﬁv@nh gﬁetdggrﬂngi% V&M) %%[]er%%&pi%et%rfapgé%{irgﬁ%%n t he
desired propsgrhéesixilineiof iesitarasChosarboxYideacids dhds fornd Howstsblyrhersf or
exanple, particularly flexible filns are to be ﬂroduced. In the grocess of
the inventi avinsLRaglass dransttionstempespluge mfr i3z€ dhah e mgedriadinwiuakt | y

di but ene ( ol : i rd g ~Z-al.efl t abut ene
(C, s-ol efi S)q-hg% g'%t({)}%enégd O%@dﬁ'fdﬁe@f’?gtﬁogﬁ“gﬁg% {gf r%ﬁgbi édé@xgﬁFm?'eg%;ct ively)
of butane. ldterrsallagticzationbdfedlyvinglcacatatei withu atsimaltat#ous ipicreaseninai ni ng
streans as raw material, e.q. cracking C,, C ,-olefins from Fi scher-Tropsch
processes, @@SPB??'hggfq‘Hﬁs P ogenati on of butane or from ot her

i ndustrial processes. . It is thus possible to use di butene, tributene,
tetrabutene or even higher oligoners es butane oligoners in the process of
t he inventi dine Thecadoxyhe iasid asedhioroprepasng| thgoweyk estasen ishin turn

oo o U oG A S Vo AR e

pressure and in the presence of extremely acidic catalysts

(hydrocarboxylation, in particular the KOCH reaction).

Finally, tripropene, namely a mixture of isomeric Ce-olefins, is obtained in
admixture with other olefin fractions (Ce-, Cio-, Cis-olefins) by acid-
catalyzed oligomerizalion of propene. Catalysts which can be used here

are, for example, acid zeolites or phospharic acid on a solid support



. The ,process of the present invention can be used both for preparing vinyl
Cs-carboxyl ates fromdi butene or fromthe correspondi ng Cgagabozgbsc acid
and for preparing vinyl C, 3-carboxylates fromtributene or fromthe
correspondi ng C, ~-carboxylic acid To obtain vinyl esters having a | ow

- degree of branching, it is of course nefessary to use largely linear C,
streans, i.e. those having a high proportion of n-butanes, for the

_oligonerizat pORicak, Al sHalinfi adi ene_ framthe crude
cracki ng C, %yegftd&ggﬁggnkjgrm%ob'?:)toclr?ég‘%? fﬁ%@gﬂﬁéngwpbﬁ@%eg b§‘°‘

sel e~ctlve hyatboggliaacidsis that tHeeppesentequiree is bhsonsslraeidly expydgiogenat i on

is not absolutely necelssary but is particularly useful since It

consi der abl yrawgiadersdsInths asidpatalyzed eligamnrizetion, significart raw metesialzat i on.
fn both caseg, result is tadiene free C4 fraction, me|ly raffmte
(. In the ne@?sé%]z&vgi @o %teéR§Clg§nb%(éaLFS§n8{/EH‘W?QHﬁtf’ﬂ@“@,‘o%{]&ﬂﬁhﬂ-b% for
exanpl e, preganadi 8 bintd®i ok t | qetipar b t ith
nmet hanol . MIBE is a sgu'ght-afte?ﬁtuybéoﬁoﬁgnééwa? %8@@(?&‘#???%“5 are
reaction of oligomeridalicaroducts hibermifirhberbe isonvrs lis watrigh tisatf arvalytici

(tertiary but angl?. or mpa\gi.@;‘cat alyzed al | gorrHJi zation of isaobutene to

f or m di i sobuTERBSIIAHS Wk o HiR SPEVEFRRN antor croExYip apidgelaptly dofmpate 11,

conpri ses, i gl - d : i - ane can
al so be iso?ﬁ?gﬁab@eﬂi”s‘?'ﬁel\‘acg’i 'gﬁ'ﬁgﬁ‘ i%ﬁpg%‘géeﬁpﬁ{e&gﬂﬁyh@gf%%erp%cti on is
t hen ref er r egthioh are diffithlt toadefinklrbsu®enoval of the i sobutene froma C4

fraction by dinple distillation with subsequent further processing is
normal Iy not po~slble, since 1-butane and isobutene have virtually the sane

G sti | Vari Vit sSRIFHFlohid aRiBRNEH-RR hvifs Hord Mert 30 e S ofetFs
2-but ane by hawls Bbe®BRAINHRUI 1B sonie BRIGRAIL é@]&W@ Qamsm{lgﬂéy afliHEVESa

dislIIlatlon becones a feasible route t streans W conprise only
| i near but anelesticiziog aelion, 2603y behexpsdled dem Hait oslatifelp doag earkonli but ene

is preferabl r 00 ffina | l,or || her_industrial Ca
streans can %’?é’@ ﬁ&n‘&g& HESI(SQI dég {ar‘f‘ét&@heé(?lsctgﬂ?lg}er‘fp effﬂ?glﬁ%ﬂﬁfyuﬁ'g turated
conpounds apavailableal & kafficientpiow pries &md, BBEomAY, tthe Uhcirhyatiiky o tigs
starting material for the butane oligonerization is n-butane, since the
resul ting vi¢Rpolweeealsoscreasas Witk incieaspgichaindena®. have, as evi denced by

t he exanpl es) better plastlcizer properties. If, on the other hand, the

pl asticizing action of the vinyl esters plays a subordinate role or a

har deni ng acSome ofsthevenyldestemsadl ertidiyobatbergic s€ids aiavingoldsé hanetdrs can be
used; a preferred feedstock is then raffjnate |I. The process of  the

i nvention enedPes atapsArelikpyisekngwn ang bave; been exagynachfarsritaRilither t o
frequently n Lubd qized 3 6al C ; sed as
cconom cal 1 awPRaTets TrESluR il odBis GIS BR pIPARCEIATR, Blenf 0P B
but ane- cont aatidhgn€thdsertesed dnteptiard Cracids(Meova®e) have Songe idaustrial z- and

hi gher olefins Is knom 'bn principle. There are three principal Process
vari ants: Thigparagsee PHE Bptoare, Pardening comaenamars InLompansathBwInYdr a | ong
time; catal ysd glesed Industrially are) for exanple, zeolites, or phosphoric
acid on supports. This gives isonmer m xtures of branched) ol efins. Even
under optim zed conditions, dinethylhexenes remain the main product (WO

921 13898). As shown in .the eé%gg_l es) the Ca-ol efins which have been
separ at ed of # weyld thareigre be 8ble 1 ke @ble I use TaWs PEENIFGSQWERF ar y

;a[}ibg)r(]ylg: ; Sg&éh%? 1REK phdbenk of iTY bligthérsSor RGN g vinl ¥stBRI Ry ABYE having
the same or betler plasticizing properiies than the vinyl esters of, for

example, the Cyp-carboxylic acids based on tripropene.

It has surprisingly been found that tertiary carboxylic acids which have

been prepared from butene oligomers are very well suited as plasticizers.



.02 JULY 2003 s transition tenperature, and thus poorly plasticizing or even
har deni ng conpbnoners, are obtai ned. Another process whi chp2 JULYK2003 e
practiced worl dwi de is oligonerization using soluble nickel conplexes,
known as the Dt MERSOL process (cf. Yves Chauvin, Helena Aivier; In

" Appl i ed Hompbgeneous Catal ysis with O ganonetal lic Conpounds”; edited by
Boy Cornils, Wl fgang A Herrmann, Verlag Chem e, 1996, 258-258). The vinyl
~esters of Cacarboxylic acids prepared fromthe Ce fraction have a

si gni fi cant I'Shebptdsent iastibni adoogdinglyi providesm phecessmst pespsiy pirgduced by
t he abovenenti oned process (see exanples). t=finally, nention should also
be made of terf’éerél‘ﬂ@jgiﬁr&w‘?&‘ls &n over fixed-bed nickel catalysts by the

process of E gﬁgﬂ ess has becone known as the OCTOL process in
the literat %}e’xﬁﬁy régglyggl‘#eég(gjcess., Int. Ed. (1986) 65 (2, Sect. 1,
31-33) . The H)erseparatingeofbtheybutenaoligsmerLhonare ogomkrigahdiiprdeeceonver t ed
into vinyl esters which give a particularly good i'nternal plasticizing
action in cdpolopreeringithe hueneplignimensdnel ¢agbaxylic adids baving @meanodi but ene
and tribufene, far pr ring vinyl esters has a series of notable

advant ages: it qagb?igggqonﬁﬁgato use inexpensive Industrial C- streams such es
raffinate Ilg) IcahbbAmRgaht carlsexyRE Berds%ftb%éfcbﬂéﬁg&ﬁ&hg'vﬂgn bayrgmterial s as
starting material. Thé fractions containing essentiallTy only n-butanes as
ol i gonerizpbl e conponents, e.g. raffinate Il or Ill, are particularly

sui table for reg&p n%6cormno rs far intern h{)elng‘;sti cization. Parficularly
surprising antf XEw! £saEe RIRRAECLY JAQ AYpcess it vepHen AraMerngiWelhg action
of the vinyl eps BH Clop! i iV ERid<Ri-apd on the
tertiary CQ-sé'grégoxyl [ cﬁiéa??g%r%b?gi ﬁiedc?ﬁprgnjrglé%ﬁ"gngtd\fgg'zggcglg ent sand et

| east equal Bamples wifich maysbamientibrpdoatecthebeapadyrerizatioor ofpeingl Ca- t he
copol ynmsri zation w,th yinyl etate qr, vinyl, chlorjde. . .The tributene-based
vinyl est er capeulemilurvAiide. cod e rpgumerealion with Vi GREIRIGL , 02
JULY 2003 9 Té??éwﬁ»e% QS BcAatbb rk WSS d BBtentiBf fibld eﬂ‘apﬁliw&ﬁ?ﬁ%@r E
separated off Tromthe oligonerization product and are each case
converted i rproportioncol viewp @sternprepardsbyagording itd stheainvegtiomesamovarycar bon

atom This cap.be achjeved by acid-catalyzed hydrocarboxyl ati on (KOCW
reacti on) orw‘BX}" HQ}@FJ"ES‘PMP&%QB g nen sﬁﬁséﬁﬁ'@r‘#’ PER ??'0#‘8\‘ ¥$2 3%sul ting
oxo al dehyd%ﬂd}fbé%ﬁ@‘issan@bhk@éih@ed n.Sfdil@&amg;@wnwﬁa&npﬁexiumnﬁwa@si s with
Car bon Monoxi de, Springer Verlag, Berlin 1 80, p. 372 ff, wilt be the
preferred nﬁﬂlﬁlﬁ-‘cpfpﬁuﬁ?(gcti ce. Here, olifins are reacted with carbon
nmonoxi de in the presence of strong acids such as sulfuric acid or boron
fluoride hydrates to formtertiary carboxylic acids. Using Cu+ as

cocat al yst, {hhaer pces® rof phecieedstiany csutenes mratfitsihp ndigomepzed,sgivengand  at
anbi ent tenperature (Y., Sounms, H .Sano; Bujl, e Soc,.Jpn.. 1974 47,
1717) The cd¥B Whaé‘ilé{c‘?lggteﬂﬁt gﬂr@ﬁﬁ%n In rﬂJQ'tM&E{H]’éteé‘ﬁb@qﬁgﬁw&f%nverted
nto the corprsRRBAbE Yolbiin) ArtClomed by 1RBrERIGH BnBY RanidzafATP! ) bY
reacting the carboxylic acids with acetylene, preferably in the presence of
the zinc salrespéctively, afitiitens.bk iy iheye poesibleato asewalbheiuistrighrGsaletia- and
200250 C (e.g. . 38s. described in Encyl. Polym Sci.. Eng. 17, . 426-434).

Al ternativel ,m‘%ﬂ@gvﬁﬁwmés?%r@%é‘#tﬁ'@a‘o gi FERFHIRS te‘anéeﬂ%ﬁ)\sf ffod i on’ of

t he carboxylg; I j re ot i e or

vi nyl propi oﬂg%’?(ﬂﬁgﬂgr%dgggggb%}ébIi%ﬁbs ul rrg%n%@?ﬁﬁéttlj‘m %Pu %aﬁ 19, p.
368 ff). Thergm atherindustripkprpeessass of the vinyl esters are, as nmentioned
above, influenced by the degree of branching. The degree of branching of
the vinyl esters can in turn be influenced by the degree of branching of
the starting o ﬁ‘fds“ﬁ@%dlﬂe%r&éé@ib@ﬁerﬁ?ﬁﬂﬂhﬁﬁet fotPibui&ife RF VRAL higRgent i on,

it is therefore possible to use di butenes containing not nore than 35% by
wei ght, pr efdigairieys 2890 thytenei gigomers imuthe procesarefhthe dnedrition, Ehe).

di net hyl hexene. .. 02 [1) LY, 2003 t|o Ttie vi nyt‘,l esters %raﬁgareddb%l t he process
of the i nvertaPgration,of g, buterisolignmers fegr ﬁ‘im RiRSRAYL SN ons) for
exanple in t refti 0 AN r tﬂﬁy i nt er nal
pl asti ci zat itgéra] dtaggée?h(g{‘ Wtahi%&giildr?uﬂyt gqnh oughia'tr]l'g?re\aé@g F‘n t| e Fﬁ{fgfgtlg{/si S

resi stance. distiltalipmeri zaGon with et hyl ene end the preparation of
terpolymers with acrylates are further exanples of the use of the vinyl
esters prepared according to the invention as conononers for internal

pl astici zati on.



. The .foll owi ng exanples illustrate the Invention without restricting its
scope. Exanples 1 to 3 The table bel ow shows the typical gLy 20063 of

di butenes formed from nbutenes in the three different oligonerization

vari ants. The product conposition is dependent essentially only vn the

- aligomerization method. Starting materifal s which can be used are, for
exanple, raffmate Il or raffinate Il Q other n-butane-containing streans,

. as long as Y, | 0. Sl.ani £ car ts o ranched butanes. In the
ol | o ng e iera8ase i uRenmset vERSy B8 Y Sodtl pRETEF PEP"BOIIRR o

di but ene obCgicagitoXytatebi fgomedibzairieotr Gforhalihei Ba#r8spdrditty Te-daneskymRr i | | oni te

(acid catalysts) Oefln B dibutene, obtained by oligonerization of

raf fi nate | Brich@ndHer mrep:en viswb fossadiaxylate fgim ddkuena o froradhisy

ol i gomeri zatj fd N 4. by the OCTOL process 02 JULY 2003 11
Exanpl e 1&%3‘3%@&%@5%‘ %é?éogwi'cng%ﬁ efin 8 efin Ch~octene~ 0 % 6 %
133- Met hyl heptene~ 5 % 59 /a~ 623, 4- Di net hyl hexene~ 70 % 34 % 24 % her
Ca-olefins~ 25 % 1 % 1 The proportion of linear and at nost singly

branched ol &bi olstairs vinytesfars dhaairgua 16% degrceeofc branobingplitefsi of édou@eout 65%
in the case of olefin B and ag)cl)uﬁpeé?/ﬁ in the case of olefin C. Al figures
t ]

are in Y byNGEPIARY 1O A18p| kg et hed thassebawng i ighsg 947,
tertiary ca ! i - o he olefins A, B and C. The
cat al yst usémbgc’ggrﬁ%ﬁ%x O?O@Qrg%bgﬁ%'ﬁgg%&and water, with Cu'" being

used as cocatal yst. The reactions were carried out in a stirring autocl ave
in a tenperature ran?e of 20-35C and at a CO pressure of 30 bar. The olefin
was net er edlti i usuebfistly by demavediyiadiegr Bonblhe crade osackdngirGs Bis kept

const ant by b Sid i o NPt Thed .6 F8E by i B RRBEHafisn 3RO 2 1O

further abs
the present case, the selective hydrogenation is not absolutely necessary

but is particularly useful since it considerably increases the proportion of n-
butenes for the oligomerization. In both cases, the result is a butadiene-
free C, fraction, namely raffinate |. In the next step, isobutene can be
removed from the C, stream by, for example, preparation of methyl tert-
butyl ether (MTBE) by reaction with methanol. MTBE is a sought-after fuel
component. Other possibilities are reaction of the isobutene in the raffinate
| with water to form TBA (tertiary butanol) or the acid-catalyzed
oligomerization of isobutene to form diisobutene, The now Isobutene-free
C fraction, namely raffinate ll, comprises, as desired, only 1-butene and 2-
butene. If daesired, 1-butene can also be isolated by distillation, in which
case the butene-fres fraction is then referred to as raffinate 1li.

Remaval of the isobutene from a C4 fraction by simple distillation with
subsequent further processing is normally not posésible, since 1-butene
and isobutene have virlually the same boiling - point. However, the
separation of 2-butene and isobulene by distillation is possible. If,
therefore, 1-butene is converted into 2-butene by hydroisomerization,
removal of the isobulene by simple disliliation becomes a feasible route to
C, streams which comprise only linear butenes.



. Observed, After separating off the catal yst phase, washing with water and
wor king up the crude carboxylic acids by distillation, presygLy 2603 ng the
foll owi ng cornpositlons, in each case over a nunber of batches, were
obtained. (t igures in % by mass). 02 JULY 2003 1z _Exanpl e 4Exanpl e
SExanpl e 6l someric C, -carboxylic aci dAcV¥d AAcid 8Acid

C2, 2- Di net hyl hept anoi ¢ aci d0. 5%6. 5% . 4/ a2 Met hyl - 2- et hyl hexanoi ¢

: Zg: gg gf;g%w@%&ééﬁﬁ?%%ﬁ% Sg 31188?/ JCOD @u nnoe % preferably carned out using

~0. 293. 093. SYHirkto- Tr bt Wlhbﬁmmlrfala(% ereé‘rﬁs kaflaldo be used provided
%0. 892, 2, 4- Tri net hyl hexano_i c

aci d2. 0%.. o%38M@emcwtlaﬁbﬂﬁJuﬂlzeremmgattpr@hed\nomoanqm;aa%frcﬂn2% linear

% E/Z%ﬁyr“ "Etg@% 8%?18}9 tc%%ﬁﬁ:@ar%y relflerreg %glarhng material for the butene
aci d13. 7. %ffgo%?er?‘za‘%ﬁeish)‘l'btﬁe h¥i'n€§g§)%”ié&§ﬁgﬁra iyl eilerz¥gP- 19,-(%, 8%

2- Et hyl - 2-1 sopr opyl but anoi ¢ acl 3 0%d nown acl ds 8% ~1. 2%
~1. 3% carboxylic acids have, as evidenced by the examples, better plasticizer
properties.

If, on the other hand, the plasticizing action of the vinyl esters plays a
subordinate role or a hardening aclion is even desirable, Isobutene-
containing C4 slreams can be used; a preferred feedstock is then
raffinate |,

The process of the invention enables industrially available C, streams
which have hitherto frequently not been utilized at all for chemical
processes to be used as ecanomical raw materials for preparing vinyl

esters

The oligomerization of butene-containing C. streams to produce mixtures
comprising Cs-, Ci2- and higher olefins is known in principle, There are
three principal process variants:

The oligomerization over acld catalysts has been known for a long time,
catalysts used Industrially are, for example, zealites. or phosphoric acid on
supports. This gives isomer mixtures of branched olefins. Even under
optimized conditions, dimethylhexenes remain the main product
(WO 92/13818).

As shown in the examples, the Ce-olefins which have been separated off
here can be pracessed to give the corresponding tertiary carboxylic acids
and their vinyl esters. However, only homopolymers having a high glass



Exanples 7 to 3 The m xtures of tertiary carboxylic acids obtained in
Exanples 4 to 6 were reacted with acetylene at atnospherig grlﬂ_s‘sg()%and a
tenperature of 190 220C in the presence of the zinc salt o? the acid to be
reacted in each case, in accordance with the equation. R COOH + HC=CH ~

R- COO- CH=CH2 The reaction was carried dut as described by G H abner,
~ette, Seifen, Anstrichmttel, 68 (4), pp. 290-292 (1966). Distillation of

. the crude prgghis VIV I i Aty of > 99 804.these
have, accorél ngﬂ[oorg ga’isa'?%ﬂtﬁa(y)ﬂr?hfaﬂwofé@ﬁgs?égﬂgl @g?@@zngédgéreggno aj bm,gni ng
essenti al | y coonmgreonedrs eateootsinineden t he sanme as that of the carboxylic acids.
The vinyl esters obtained in this way are referred to in the foll ow ng as

vinyl ester A (based on acid A Exanple 7), vinyl ester (3 02 JULY 2003

13 (based v ' : . . i nyl ..ester (based,.,on aci d. C, Exanpl e

3 Exanpl es NEE BrpceWich 18 1RBYIsE' Bt Soslwads & grgundricali o

prepar e hormgpgy isakitse ickeh eohBIBLES, dkriirh o4 W@lmtﬁ%d@g%éé s%.”fbf.t hei r

glass transition tenperature was determned as a neasure t%e|

sui t abi | i ty Yaes Chauvin, Helene Olivier; in “Applied Homogeneous Catalysis with
Organometallic Compounds”, ediled by Boy Cornils, Wolfgang A.
Herrmann, Verlag Chemie, 1996, 258-268). The vinyl esters of Cs-
carboxylic acids prepared from the C, fraction have a significantly better
plasticizing action than the vinyl esters produced by the abovementioned

process (see examples).

Finally, mention should also be made of the oligomerization over fixed-bed
nickel catalysts by the process of OXENO GmbH. The process has
become known as the OCTOL process in the literature (Hydrocarbon
Process., Int. Ed. (1986) 65 (2, Sect. 1, 31-33). The tertiary carboxylic
acids prepared therefrom can be converted into viny! eslers which give a

particularly good internal plasticizing action in copolymers.

The use of butene oligomers, in particular dibutene and tributene, for
preparing vinyl estars has a series of notable advantages: it is possible to
use inexpensive industrial C4 streams such as raffinate ll, raffinate |l or
other C,-olefin-containing raw malerials as starting material. The fractions
containing essentially only n-butenes as oligomerizable components, e.g.
raffinate Il or lll, are particularly suitable for preparing comonomers for
internal plasticization. Particularly surprising and not to be expected was
the fact that the plasticizing action of the vinyl esters prepared according to
the invention and based on the tertiary Cy-carboxylic acids obtained from
dibutene was excellenl and at least equal to that of the standard product
based on tripropene in the copolymerization with vinyl acetate or vinyl
chloride. The ftribulene-based vinyl esters prepared analogously can

achieve a further improvement.



. copolyners for internal plasticization Starting materials MononerParts by

wei ght Vinyl esters of the C9-carboxylic aci dsl100. 00Aqueous pobye2ddoni zed

wat er 70. OpAni oni ¢ surfactant, e.g. Marlon A 390 (85% active

content) 0. 03Noni oni c surfactant, e.g. Marlophen 820 (25% strength

sol uti on) 8. 00Pot assi um per oxodl sul f at e 9( KzSz~a) D. 10Pot assi um

car bonat e0. 25Hydr oxyet hyl cel | ul ose, e.g. Natrosol 250 L (or LR)2.00Acetic

acid (1009 0. 20Initi ator sol uti onPotassi um peroxodl sul f at eo. 23Dei oni zed

" water~ 12.00 ~ Procedure The aqueous phase and about 10~~ of the nononer
ver e heat ed [yithe @roddds’ bnthd tvErfion At bulenebiigtiisrsahrd Qb?aﬁa@é’@%‘ﬁat ure,

t he remai ni ng nononer and the initiator solution were nete In as

separ at e st freanthe Ilfhaoraaldmimhpmduchendmnemmreambs:asercramvdrtedtmumniﬁeor my

over a period of 120 mn es andc}sm;qt-Y of the initiator solution was carried

I

out over a PFEIPHRCHING £5r "MU‘E@Q Mgﬁnq ROreEREiElgnY tivRan te
o st e o8 Gt A BRI os i1 L

for a further mhutes a cool ed

to room t empgdaifomeylaliirepnd sbbde@sem&wambﬁdjﬂWrésmmg bfo aefEhyHERg
enul sion, if appropriate after filtration, and the glass transition

t enper at ur eI NerKOREL 8yTHBe8Isd as lascrbed iy Fethe, iNavaiSysthsasis adthobarbeal yvsi s

(et hod bas ) t Vi sters whose
gl ass transi |n%2x'@enﬂ§rﬁ1;t{%gr\ée‘:l£sb aﬁgﬁh ﬁ%}ﬂ @Dﬁﬁmﬁt% uﬂ%%éf f)’r ocedur e
morder to enakod i praraicabiHdréyolfinst &® feaelodPWiE RAHIGh MOHXRISVR thed Vi Nyl
ester of tertiary C o acids (VeovalO, Based on tripropene, Conparative

Exanpl e 10) pregenca of strangeiojdsswesh asssulfurisr anid opbaeari thoride hydratesdio exanpl e,

| f VeoVa9,
Compar at 1 ve e Aplis TEAPBBIs™ agtl YpiRg Clar “h st <Bive FeArdion cal
formula as bpbceedd é\feﬁ‘f @HBeﬂ%ﬂ"ﬁS@pﬁé‘nc%@B&Weﬂﬁn& 'b%%rh@i@nl“tﬂ%{)er%ﬂr‘érs

prepared as described ~n the above exanpl es e follow ng a were

measur ed: EX¥nPoemapEx SapoeBall Ehemp! Sod. 2iExah@l 4, AF3E4ARDp| e
14St arl i ng(conpari son) (conpari son)from aci df rom aci df rom
aci dmat eri al ABCA ass- 3C~ +60C~ +38C+1 C-3Ctransitiontenper-ature Vinyl

ester A basqpheQihrbbkyi@eacd aamsé@ﬁﬂamsﬁwbp%r@rsaswférmfy chvened igat al yst is
t hus a hardeni ng comononer. Vinyl ester from butane ol igonerized by the

Di mersol pr 8a@$£9MesaoRdngnEnyl pﬁ@gsulhlzueﬁgl benselveved,. fcw' wyamrélméw C

ol aut ot zi ndoathedhE o0 e TR o PAIRE Sufbtely 0 oA B e on
tripropene ((epRrHll MiahExadie be)inyla_t'é@ apapRsdphefic Presu@anar 400 t h

Exanple 14 is worthy of comment. In both cases, use was nmade of vinyl

esters of t@50i%(p.@ADERsFikeGH Eﬁcﬂd?/@lh@ §ck Engoit7, pp. 426-434).

Alternatively, the vinyl esters can be oblained by transesterification of the
carboxylic acids with further vinyl esters such as vinyl acetate or vinyl
propionate (e.g. as described in: Ullmann, 4th edition, vol. 19, p. 368 ff).

The plasticizer properties of the vinyl esters are, as mentioned above,
influenced by the degree of branching. The degree of branching of the
vinyl esters can in turn be influenced by the degree of branching of the
starting olefins. In particular embodiments of the present invention, it is
therefore possible to use dibutenes containing not more than 35% by
weight, preferably 25% by weight, of multiply branched olefins, e.g.

dimethylhexene.



. 02 JULY 2003 15 atoms, i.e. the sane enpirica) formula. The vinyl ester of
Exanpl e 14 prepared according to the invention gave an ex2JUENt2003

pl astici zing action, while Conparative Exanple 11 is a conononer having a
pronounced hardeni ng action. Exanple 15 Raffinate Il was oligonerized by
the Octo) process_ (see Exanple 3?. ThéOtributene was separated off from
the oligoneriZatl 4n product and a C'carboxylic acid m xture was prepared by

t he Koch sy i 4- hi.S: -
" described i nﬁtt%:g'ﬁ"z‘ é@%@é_ 8%2%%?’ g&ﬁ %%@%ée?fﬁr‘gr@‘%‘ﬁ'ﬂ%ﬁy E) %edqggrarsespondi ng
vinyl est er sonddrenemyih Esmenatiohusactidrisaifereskaniple hih shevprepsmatiorsed t o

prepare: a honopol yner by a nethod anal agous to that of Exanples 10 to 14,
its glass tmaenylatataigpahere tey sffealiptermaleplastisizatien togedher with a

S aett ci on e BuREhEoRERErL AR HlRhERG LR BRReR CORRERTIAEE %t ¢ 2005 <
AMENDED SHE'%T@{IEne A8d hk . prePaldtRFESS 1&PblyhYds NRith Sa&glavéémlre Q§Flﬁér3 from

but ene ol i gone conprising: (a) oligoneriziuig butenhes on a fzxcd bed
ni ckel cat alexsmplédpf hepasaof thg vimg elstdrs peepdred areosdling ntichievention

oligonic~rized m xture f{QgP éa}%% g‘# converting the separated butene
ol i gomers t ALERBERYNLES OF QA PastGzali®dnger by one carbon atom and (d)

converting the carboxylic acids to the cornsponding vinyl esters. 2. A
process according to claim1l, wherein the butene oligoners are converted by

aci d- cat al yZFtb folldwingeoampleatiliustratotheainbonyon withoutdesivieting itaseopeanger by
one carbon atom 3. A process according to claim1l) wherein the conversion
of the butene oligoners to carboxylic acids which are | onger by one carbon

atomis acco%)%&,ér&d.l tw 3hydr of ornyl ati on and subsequent oxidation of the
resul ting aldehytes.

The table below shows the typical composition of dibutenes formed from n-
butenes in the three different oligomerization variants. The product
composition is dependent essentially only on the aligamerization method.
Starting materials which can be used are, for example, raffinate Il or
raffinate Il or other n-butens-containing streams, as long as they contain
no significant amounts of branched butenes. In the following examples,

raffinate Il was used as raw material.

Olefin A dibutene obtained by oligomerizalion of raffinate Ml over
montmorillonite (acid catalysis)

Olefin B dibutene, obtained by oligomerization of raffinate lli by the
DIMERSOL process

Olefin C dibutene obtained by oligomerization of raffinate I by the
OCTOL process



. 4. A process according to claim1l) wherein the carboxylic acids are reacted
with acetylene in (d). 5. A process according to claim4)g200LY 200e
carboxylic.acids are reacted with acetylene in the presence of a zinc salt
of the carboxylic acid in (d). 6. A prgcess according to claim1) wherein
the vinyl esters are obtained by trans Sterification of other vi nyl esters
with the carboxylic acids. 7. A process according to claim®6) wherein the

~other vinyl esters are vinyl acetate or vinyl propionate. 8. A process
according to_claiml, wherein the butene oligoners are dibutenes, which arc

converted o C9 carboxylic 4ci @)ani"(ﬂ t hen t ) rrespandh I nyl
esters. (02 JULY¥-2603——37+-9 A$rgfgessael§(o%rﬁr?in cl@,Lm_g-%—swhe‘ ein the
but cnc, ol i QOrrers are tribut gnesOlefindh arje c@ielint®ed tp COlefimr®oxyli c
acids, andthen to the corrgspondr ng vinyj—esters — 16 Aprocess actor di ng

to claim 1,|™PEBBENn the di byt enes @G not |cont ai i %ore fhan~38 %t % of
mul tiply br Ins. 11. A precess Jaccordl to clraimJd0, whetein the
di ' but enes §gﬁ%@ﬁ|@éﬂ%ﬂﬁn re thd /‘35 % of”%?lngi pl braﬁcq?eéﬂ olefins.
i_Au. AS. AS. AgfA-DAR@HIHBKAST Y. A@.. A0@). A, . |AS. AS34AY,. A § AQ A4l (H#( 67; HIF
iu —
Other Cg-olefins ~26% ~ 1% ~ 1%

The proportion of linear and at most singly branched olefins is therefore
about 5% in the case of olefin A, about 65% in the case of olefin B and
about 75% in the case aof olefin C. All figures are in % by weight.

Examples 4 to 6

Using a method based on DE 23 39 947, teriiary carboxylic acids were
prepared from the olefins A, B and C. The catalyst used was a complex of
boron fluoride and water, with Cu® being used as cocatalyst. The reactions
were carried out in a stirring autoclave in a temperature range of 20-35°C
and at a CO pressure of 30 bar. The olefin was metered in uniformly over a
period of 6 hours. The pressure was kept constant by metering in further
CO. The reaction was stopped as soon as no further absorption of CO was

observed.

After separating off the catalyst phase, washing with water and working up
the crude carboxylic acids by distillation, products having the following
compositions, in each case over a number of batches, were obtained.

(Figures in % by mass).
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The mixtures of tertiary carboxylic acids obtained in Examples 4 to 6 were

reacted with acetylene at atmospheric pressure and a temperature of 190-

220°C in the presence of the zinc salt of the acid to be reacted in each

case, in accordance with the equation.

R-COOH + HC=CH — R-COO-CH=CH,

The reaction was carried out as described by G. Hilbner, Fetle, Seifen,
Anstrichmittel, 68 (4), pp. 290-292 (1966).

Distillation of the crude product gave vinyl esters having a purity of >=

99.8%: these have, according to gas-chromatographic analysis, a degree

of branching essentially comparable to or even the same as that of the

carboxylic acids. The vinyl esters obtained in this way are referred to in the

following as vinyl ester A (based on acid A, Example 7), vinyl ester B
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Examples 10 to 14

The vinyl eslers of Examples 7 to 9 were used to prepare homopolymers
by the standard method (Examples 12-14) and their glass transition
temperature was determined as a measure of their suitability as

copolymers for internal plasticization

Starting materials

Monomer Parts by
weight

Vinyl esters of the Cq-carboxylic acids 100.00
Aqueous phase

Deionized water 70.00
Anionic surfactent, e.g. Marlon® A 330 (85% active content) 0.03
Nonionic surfactant, e.g. Marlophen® 820 (25% strength 8.00
solution)

Potassium peroxodisulfate (K2S204) 0.10
FPotassIum carbonate 0.25
Hydroxyethylcellulose, e.g. Natrosol 250 L (or LR) 2.00
[Acetic acid (100%) 0.20
Initiator solution

Potassium peroxodisulfate 0.23
Deionized water 12.00
Procedure

The aqueous phase and about 10% of the monomer were heated while
stirring to 75°C. After 15 minutes at this temperature, the remaining
monomer and the initiator solution were metered in as separate streams.
The addition of the monomer was carried out uniformly over a period of
120 minutes and that of the initiator solution was carried out over a period

of 135 minutes. During the metered addition, the tamperature was held at
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from 75 ta 80°C. After slirring for a further 120 minutes at the same
lemperature, the mixture was cooled to room temperature. Shaped bodies
were produced from the resulting emulsion, if appropnate aiter filtration,
and the glass transition temperatures of these were determined by tortional

oscillation analysis (method based on DIN 53445).

In addition, two commercial vinyl esters whose glass transition temperature
is known were subjected to the same procedure in order 1o ensure
comparability of the test procedure. These were a vinyl ester of tertiary Cyo
acids (VeoVa®10, Based on tripropene, Comparative Example 10), which
is widely used as internal plasticlzer for, for example, vinyl acetate, and a
commercial vinyl ester of tertlary Cy acids (VeoVa®9, Comparative
Example 11), i.e. a vinyl esler having the same empirical formula as but a
different degree of branching than the vinyl esters prepared as described
in the above examples

The following data were measured:

Example 10 | Example 11 | Example | Example | Example
12 13 14

Starting {(comparison)|(comparison) | from acid | from acid | from acid
material A B C
Glass -3°C ~ +60°C ~+38°C +1°C -3°C
{ransition
temper-
ature

Vinyl ester A based on butene oligomerized in the presence of an acid
catalyst is thus a hardening comonomer. Vinyl ester B from butene
oligomerized by the Dimersol process has become a plasticizing
comonomer. Vinyl ester C prepared from dibutene from the Octol process
achieves an excellent plasticizing action; it is the eqdal of the comparative
product based on fripropene (Comparative Example 10). The comparison
of Example 11 with Example 14 is worthy of comment. In both cases, use

was made of vinyl esters of tertiary carboxylic acids having 9 carbon
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Raffinate [l was aligomerized by the Oclol process:(see Example 3). The

tributene was separated off {rom the oligomerization product and a Ci»-
carboxylic acid mixture was prepared by the Koch synthesis (analogous to
Examples 4-6). This mixture was, as described in Examples 7-9, reacted
with acetylene to form the corresponding vinyl esters. The vinyl ester
mixture obtained in this way was used to prepare:a homopolymer by a
method analagous to that of Examples 10 to 14; its glass transition
temperature is -13°C. The vinyl ester of the Cy;-carboxylic acid based on
tributene thus has an extremely good plasticizing action despite its high
degree of branching
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CLAIMS 1. A process for synthesis of vinyl esters from butene oligomers,
comprising:
(a) oligomerizing butenes on a fixed bed nickel catalyst,
(b) separating the butene oligomers from the oligomerized mixture from (a),
() converting the separated butene oligomers to carboxylic acids which are longer by
one carbon atom, and

(d) converting the carboxylic acids to the corresponding vinyl esters,—

2. A process according to claim 1, wherein the butene oligomers are converted by

acid-catalyzed hydrocarboxylation to carboxylic acids which are longer by one carbon atom.

3. A process according to claim 1, wherein the conversion of the butene oligomers to
carboxylic acids which are longer by one carbon atom is accomplished by hydroformylation

and subsequent oxidation of the resulting aldehydes.

4. A process according to claim 1, wherein the carboxylic acids are reacted with

acetylene in (d).

5. A process according to claim 4, wherein the carboxylic.acids are reacted with

acetylene in the presence of a zinc salt of the carboxylic acid in (d).

6. A process according to claim 1, wherein the vinyl esters are obtained by

transesterification of other vinyl esters with the carboxylic acids.

7. A process according to claim 6, wherein the other vinyl esters are vinyl acetate or

vinyl propionate.

8. A process according to claim 1, wherein the butene oligomers are dibutenes, which

are converted to C, carboxylic acids, and then to the corresponding vinyl esters.
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