D al kyl terephthal ates and their use The invention relates to dial kyl

t erepht hal at es where al kyl = al kyl radicals which have a | ongest carbon
chain of at |east 4 carbon atons, to a process for preparing them and to
the use of these products. Polyvinyl chloride (PVC) is one of the nost

i nportant polyners industrially. It is ulsed in a wde variety of
applications, in the formof either unplasticized (rigid) PVC or

pl asticized (flexible) PVC, To produce a plasticized PVC, plasticizers are
added to the PVC, and in the mpjority of cases use is nade of phthal ates,

i n parti Qidlkyl wirephtbamtbhand theptmshal at e (DEEP), diisononyl phthalate (DM,
and diisodecyl phthalate (DIDP). As the chain |length of the esters

i ncreases, the dissolution or gelling tenperatures rise, and the processing
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pht hal at e %%BP ,, benzyl butyl phthalate (BBP) or diisoheptyl phthal ate
(D11- 1P) Of en@‘)oleCt&ebat es concerning reproductive toxicities, which in a
nunber of cases have already led to increased |abeling under |aws which
regul at e hazardous substances, it nust be assuned that, in the figure, the
use of t Rekeimshokioeide(RFIQ) ipbhhal teasosdiimbogmt polmnes GitiubiriaBnt }t ¥s udddeihe i s
therefore a need for plasticizers which are not subject to mandatory
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raw mat egﬁe[qgiﬁgﬁygbl able worldwide in large quantities. It was an object of
the present i nvention, therefore, to provide a plasticizer which can be
used as a fast-geller and which preferably, when used in plastisols, also
endows themwi th a certain_stability on storage, i ch has the effect
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terephthal ate, as toner particles.
(DIBP), benzylbutyl phthalate (BBP) or diisoheptyl phthalate (DIHP).

Owing to debates concerning reproductive toxicities, which in a number of cases have already
led to increased labeling under laws which regulate hazardous substances, it must be assumed
that, in the fiture, the use of these shorter-chain phthalates will go down signiﬁcan’cly. There
is therefore a need for plasticizers which are not subject to mandatory labeling but which can
be used as fast-gellers and which are produced from raw materials available worldwide in

large quantities.

It was an object of the present invention, therefore, to provide a plasticizer which can be used
as a fast-geller and which preferably, when used in plastisols, also endows them with a certain

stability on storage, i.e., which has the effect of only a slight increase in viscosity over time, -

Besides phthalic acid, terephthalic acid, or its dimethy! terephthalate derivative, represents a -

éompound which, with an estimated annual production of the order of millions of tons, is



‘Don Beeler in Soc. Plast. Eng., Tech. Pap. 22 (1976), 613-15 describes how
terephthalic esters of alcohols having from1l to 6 carbon atons are with
just one exception (diisopropyl terephthalate) all solids and are

i nconpatible with PVC. Consequently, in spite of the statenent that the
pattern of properties of terephthalic esters corresponds essentially to
that of phthalic esters |onger by one cafbon atomin the al cohol chain, it
coul d not have been anticipated that terephthalic esters of al cohols having
a chain length of from4 to 6 carbon atons mi ght be fast-geller candi dates.
Sur pri si nglajlable hadargeequantitied Ahatxdneslepdft hapiodusts hewsplvdvtety staring 4ré@ 5
carbon atons_in_the Iongl;st carbon chain of the al cohol are highly suitable
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terepht hal ate, wherein the al kyl radicals have a [ongest carbon chain of at

| east 4 cGhwvicaldoomamame a total nunber of carbon atons per al kyl radical
of 5. Likew se provided by the present invention is the use of dialkyl
terephthal ates as plasticizers in conpositions containing a polyner
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radi cal s C@P?%‘P&ﬁ@W&?ﬁ%ﬁ%gﬁcw&an%m@ﬁw s having fromone to ten carbon
atons, styrene, acrylonitrile or cyclic olefins, wherein the al kyl radicals
of the dial kyl terephthal ate have a | ongest carbon chain of at |east 4
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from4 to 5, in.particular 4 or 5. Additionally provided by the present
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carbon atons per alkyl radical of from4 to 5, in particular 4 or 5, and
al so a process for preparing dialkyl terephthal ates whose al kyl radicals
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would be incompatible with PVC.

‘The present invention accordingly provides plasticizers, and plasticizer compositions,
containing dialkyl terephthalate, wherein the alkyl radicals have a longest carbon chain of at

least 4 carbon atoms and a total number of carbon atoms per alkyl radical of 5.

Likewise provided by the present invention is the use of dialkyl terephthalates as plasticizers
in compositions cdntainin'g a polymer selected from PVC, PVB, PAMA or homopolymers or
copolymers based on ethylene, propylene, butadiene, vinyl acetate, glycidyl acrylate, glycidyl
methacrylate, methacrylates, acrylates, acrylates or methacrylates in which attached to the



c) reacting the alcohols fromb) wth terephthalic acid or with a
derivative of terephthalic acid to the correspondi ng diester. The

pl asticizers of the invention have the advantage that when used in

pl astisols, they have a good stability on storage. Use of the plasticizers
of the invention is especially advantageous on account of the effective
gel ling they produce. Depending on the end use it is possi ble to enpl oy
pl asticizers of the invention containing a dialkyl terephthalate in which
t he al kyl radicals have a | ongest carbon chain of at |east 4 carbon atons
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chain of at |east 4 car bon at ons
atoms per alkyl radical of 4 or 5, in which case, depending on the total number of carbon

atoms in the alkyl radical, the gelling properties are improved or the volatility is reduced. The
plasticizers of the invention are particularly suitable for use in plastisols, since they allow the
plastisol to have a low viscosity. A further advantage is that the plasticizer of the invention

can be used as a substitute for diisobutyl phthalate, di-n-butyl phthalate, dipentyl phthalate or



and have a total nunber of carbon atons per al kyl radical of 5. In one
ester nol ecule the alkyl radicals can be the sane or different. \Wuere

i sonerically pure alcohols are not used for the preparation of the esters,
the products are usually dial kyl terephthalate m xtures containing ester.
nol ecul es whi ch have different alkyl radicals. Preferably nore than 60% (%
by mass, based on the sum of the al kyl r 4di cal s) of the alkyl radicals in
the dial kyl terephthal ates are n-pentyl radicals. Mre preferably from 70%
to 99.9% of the alkyl radicals in the dialkyl terephthal ates are n-pentyl
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A feature of the inventive use of dialkyl terephthalate as a plasticizer in
conpositions conprising a polyner selected from PVC, PVB, PAMA or

honmopol ynmers or copol ynmers based on et hyl ene, propyl ene, butadi ene, vinyl
acetate, glycidyl acrylate, glycidyl nethacrylate, nethacrylates,

acrylates, acrylates or nethacrylates in_which attached to the oxygen atom
of the ester group there are al kyl radi cdl s of branched or unbranched

al cohols 7 having fromone to ten carbon atons, styrene, acrylonitrile,
cyclic olefins, or in adhesives, paints or varnishes, is that the alkyl
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It can be advantagéous if the plasticizers of the invention contain, in addition to dialkyl
terephthalate having a total number of carbon atoms of 5 per alkyl radical, at least one primary
plasticizer. Primary plasticizers are compounds which can be used as sole plasticizers and
which across wide concentration ranges (a few. percent, e.g., 10% by mass through to ratios
with more plasticizer than polymer) are compatible with the polymer to be plasticized. The
presence of primary plasticizers allows the properties of the plasticizer of the invention to be
varied. The plasticizer of the invention preferably contains, in addition to dialkyl terephthalate
- having a total number of carbon atoms of 5 per alkyl radical, at least one primary plasticizer
selected from dialkyl phthalates, trialkyl trimellitates, dialkyl adipates, dialkyl terephthalates,
alkyl 1,2-cyc16hexanedicarboxy1ates, alkyl 1,3-cyclohexanedicarboxylates, and alkyl 1,4-

" cyclohexanedicarboxylates where alkyl = alkyl radical having from 7 to 11, in particular from



8 nunber of carbon atons per alkyl radical of 5 of nore effective gelling.
The plasticizers of the invention, or the dialkyl terephthal ates which have
a |l ongest carbon chain of at |east 4 carbon atons and a total numnber of
carbon atons per alkyl radical of from4 to 5, in particular 4 or 5, can be
used, for exanple, as viscosity reducers_and fast-gelling plasticizers. In
conpari son with known systens for nndify?ng pol ynmers such as PVC, they
score by their good storage stability in plastisols. The plasticizers of
the invention, or the dial kyl terephthal ates which have a | ongest carbon
chai n of &to Il@,acsarbom aiamsoﬁlaaglwﬁ ditredza@ateso tiad thmalbselsulﬁfm@aastbemfaplmml péaere

al kyl radi ma tq 5 par ar 4 or 5 an be

exanpl e, KV a*ﬁ{‘ﬁfl dicel baying fioes 8 18 & ?a%@nc%tﬂ%uﬂ&aﬁp hexirdesaomeviated
conponent [ i onents of plastlcs The
plast|0|2€# 0?9?%%I¥’ eﬁﬁ?gwgmgk déﬁgFgggﬁgﬁFloned di al kyl

terephthal ates, are used with preference as plasticizers in plastics, such
as PVC, pol yal kyl nethacrylates (PAMA)  or, PVB, L r exanple. More preferably
they are Liactiopof @xiaimsy @lastisizave healastisigprsoidhe papRtipn éﬁsﬁrpée&t&yﬁwrt 0%
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et aed ebhECthebBeb AR Rl R ot B uNfrBblih R C@xdaﬂ%%ﬁdgpb%sé?a%'s' .

esters Orhaﬁi&’rfgl HREAPARMBEL of REYH iafon@S bE L Sper WilkyE RadiEd, RORRRE ! 18adt raw® ilkgse
stated products by neans, for exanple, of ring hydrogenatlon Furt her

prinary pheagedte Wiléresalkﬂa‘f alﬂcayras@alrﬂmwngoﬁi@a hier B,iin petifelarfeom § toolfh, mgrbon
| kyl |f h | SA L
Gl yool i GesoREisEity Rongl B Santrd) Sensedls AR ARET pERANY o R Bt T

citrates, fFReboY & alk m%ﬁ%bhﬁda%’@%ereﬁ!lk?ﬂ@ﬁlk?lhﬁadd@a@ mkidghe & i1el dirbon atoms, in
terephthal ates in he al kyl radicals of the dialkyl terephthal at'e

used havepaertutubargés;somybbnnmm m e plasticieasel ﬂledavmnasamfe@h frame5% to
t ot al f b t | of f
par t1 cul a0 by, markpisray sapel ¢ o 800 5T maRe b SBh{ ey B 30% g

conposi t i g by Mag$e conpositions, containing a plasticizer and a pol ymer

sel ected fron1PVC PVB, PAMA or honopolyners or copolynmers based on
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radi cal S)to@OW gsal Kyl radi caI s are n-butyl radicals, preferably from 85%
to 99. 9% of ich are n-butyl radicals. These plasticizers of the invention
have the advantage of producing better gelling than the dial kyl

terephthal ates in_which the al kyl ical s_have a total nunber of carbon
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mass based on the sum of the al kyl radicals) of whose al kyl radicals are
n-pentyl radicals. Dialkyl terephthal ates are taken here to include

m xtures of dial kyl terephthal ates containing dialkyl terephthalates with
different alkyl radicals. Mre preferably the conpositions of the invention
conprise dial kyI ter epht haI ates from 70% to 99. 9% of vx/nose al kyI radical s
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10 radicals, especially 2-nethyl butyl radicals. O the nethyl butyl

radi cals, preferably nore than 50% nore preferably nore than 75% and very
preferably nore than 95% are 2-nethyl butyl radicals. The aforenentioned
ranges are especially preferred when use is nade, in accordance with the

i nvention, of dialkyl terephthal ates which have a total nunber of carbon
atons per al kyl radical of 5. Wth very7particular preference the
conposition of the invention contains a diallcyl terephthalate |ess than
0.5% by mass (based on the sumof the alkyl radicals), preferably |ess than.
0.2% ang,yihE ¢rdth She gl chibematn@ btyt@eDadybohitriep sgclinf olefins eorahkadhesives,
‘radi cal s are” 3-net hyl butyl radicals. The percentage dis{ribution of the C5
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As well as the stated constituents, the conposition of the invention may
contain further constituents, in particular, for exanple, further

pl asticizers, fillers, pignments, stabilizers, co-stabilizers such as
epoxi di zed soybean oil, for exanple, lubricants, blow ng agents, Kkickers,
antioxi dants or biocides. Further plasticizers which may be present in the
conpositions of the invention include, i8 particular, esters of

cycl ohexanedi carboxylic acid, phthalic acid or adipic acid. 12 As
representatives of the aforenentioned polyners the conposition of the
inventio I i i I ing identical or
differen?ngﬁg?] ?g{iﬁg?gk Fp§&:gﬁﬁgﬁ%gﬁﬁgﬁﬂgﬁéﬁ%aﬁatEﬂ%ﬁ%d to the oxygen
atom of the ester group, in particular with the n-butyl, n-hexyl, n-octyl,

i |, d 2-ethylh | di cal, | t hacj yl at e, . pal t
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met hacryl at e- st yr ene- but adi ene_.copol n r_ L .The
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bul k PVC, m crosuspension PVC or enul sion PVC as its PVC type. The
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synthetic | eather, a.floorcovering, an underho eal.ant.. a coat fahric,
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the invention are preferably used to prepare plastisols, in particular to
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cushi on vinyl ( oorcovérings, and in particular here in the top |ayer,

where a f empheed iinblende matht what steakmowie g primace plasticiess eRdmary plastigizar are
m xtures gf the.i,nvention.as fornul ati o onstituent. can result |
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sane tinMecomhilhléCkRh ahétsitviael. | ERgmpRrd dfrrme@e/qﬁim@w1§1a§fp@zeaé Uh€lude dialkyl
flexibilization. Preference Is additionally given to their use in

cheni cal | phihelatesc diliyt d¢rephthadateed ahdydalkylotimallitetsaprach possessing affenof to 11
prinmers. 13 correspaondi al.cohal s, qr. .al cohol. m xtures. by reactign wt
er epht haPREORGIToR HorliLers But AResPeapnuie wi mdie PR AR
esters usegd itfe AGRRHEAREENMbRyII Cestely S cPilokkBnfBebEBACE dstetsl Nhichy are
esterification wth terephthalic acid or, nore preferably, by _

t r ansest epidparhte Hom fhesenstatadepriotinets by ressnsrfer ereamime of hingt lordregesstien. Further

residues. I.n the case of transester.ification rticularl I rr
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phenol (e.g., brand name MESAMOLL or MESAMOLL II), glycol dibenzoates, glycerol

esters, acylated or nonacylated trialkyl citrates, polymer plasticizers.

Through the use of the dialkyl terephthalates in which the alkyl radicals of the dialkyl
terephthalate used have a longest carbon chain of at least 4 carbon atoms and have a total
number of carbon atoms per alkyl radical of from 4 to 5, in particular 4 or 5, as plasticizers it
is possible to obtain corresponding compositions. These compositions, containing a plasticizer
and a polymer selected from PVC, PVB, PAMA or homopolymers or copolymeré based on
ethylene, propylene, butadiene, vinyl acetate, glycidyl acrylate, glycidyl methacrylate,



Al cohols for preparing the dial kyl terephthalates of the invention may be
any al cohol s whose | ongest carbon chain is conposed of 4 or 5 carbon atons.
Preference is given here to primary al cohols. Mention may be nade here, by
way of exanpl e of n-butanol, n-pentanol, 2-nmethyl butanol, and

3- et hyl butanol, and al so m xtures of these al cohols. Particul ar preference
is given to using m xtures of n-pentanol9and 2- et hyl but anol in a nass
ratio of from99.9%to 70% pentanol and from0.1%to 30% 2- net hyl but anol

For preparing the dialkyl terephthalates of the invention it is possible
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sel ective hydrogenation to an n-butene m xture, a hydrocarbon m xture is
produced (raffinate | or hydrogenated cracker C4) that contains isobutene,
1- but ene, It aad beh@vinegedubiff trecomplsiioherf the edsttomkedntainGas qil aticiverd, slidlkd C4

cut from FCC plants, which can be worked up in the descri bed above. G4
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and what i's calle ut ane, which is obtal

ol i goner i thah kierdigikylrtafephthalageslih wiich thbialkll dadicald tibtd otottlmualbennfsarbas atamsi t s
only olefin small_anmounts of 2-butene. The advantage of using raffinate I1,
raf fi nat epgrigfkybradigaligled-but ane as a pentanols precursor is that they include
no i sobutene, or virtually no isobutene, and so the resulting pentanols

i nclude only very small anounts (less than 0.5% by nass relative to the
pent anol sit cdn Penpirtiphily aablantageousoife tiat cahpositioni g the inventiey elontsinsefdsor t

required to separate the feedstock m xtures, ich ig frequently, very. high,
it can bePlashcisragedod teephthalates yaphice t%%ﬂsqlH‘éﬁleﬁépﬁ@epﬁl@@ﬂrrﬁrepﬁﬂ@ﬁéghave
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process for_preparing dial kyl terephthal ates whgose al kyl radicals have a
| ongest crdisels hevap totemumber @4 serban aapspar Ak dardieal@i flave a total number of
carbon atons per alkyl radical of from4 to 5, conprising the steps of a)
hydrofornmyl ating C3 or 4 olefins to give C4 or C5 al dehydes, respectively,
b) hydr og€hatimgosithe ¢l e yetesion pretrably dompsisespliakyltierdphthaltasrmepdhat 68
al cohol s, "and ]
(% by mass based on the sum of the alkyl radicals) of whose alkyl radicals are n-pentyl
radicals. Dialkyl terephthalates are taken here to include mixtures of dialkyl terephthalates
containing dialkyl terephthalates with different alkyl radicals. More preferably the
compositions of the invention comprise dialkyl terephthalates from 70% to 99.9% of whose
alkyl radicals are n-pentyl radicals and from 30% to 0.1% are methylbutyl radicals, especially
2-methylbutyl radicals, very preferably from 85% to 98% are n-pentyl radicals and from 15%
to 2% are methylbutyl radicals, especially 2-methylbutyl radicals, and with particular

preference from 90% to 96% are n-pentyl radicals and from 10% to 4% are methylbutyl



c) reacting the alcohols fromb) wth terephthalic acid or with a
derivative of terephthalic acid to the corresponding diester. It can be
advant ageous if after step a) (hydrofornylation) and/or b) (hydrogenation)
of the process the product m xtures obtained in these process stages are
separated out into the individual isoners. Such separation may take pl ace
thermally, for exanple, in particular b}oneans of distillation. Process
step a) The hydroformylation of all the olefins in the feedstock m xture
can taken place in one stage. This may be advantageous particul arly when,
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that is to be plasticized. The presence of primary plasticizers makes it possible to vary the

properties of the composition of the invention. Besides the stated dialkyl terephthalates the
composition of the invention preferably comprises at least one further, primary plasticizer
selected from dialkyl phthalates, trialkyl trimellitates, dialkyl adipates, dialkyl terephthalates,
alkyl 1,2-cyclohexanedicarboxyiates, alkyl 1,3-cyclohexanedicarboxylates, and alkyl 1,4-
cyclohexanedicarboxylates, with alkyl =alkyl radical having 7 to 11, especially 8 to 10,
carbon atoms, glycol dibenzoates, and the alkylsulfonic esters of phenol, with alkyl = alkyl
radical having from 8 to 22 carbon atoms, and acylated and nonacylated trialkyl citrates;

polymer plasticizers, and glycerol esters.

The fraction of primary plasticizers in the composition of the invention is preferably from
20% to 99% by mass, based on the sum, contained in the composition, of primary plasticizers
and dialkyl terephthalates in which the alkyl radicals have a longest carbon chain of at least 4
carbon atoms and a total number of carbon atoms per alkyl radical of 4 to 5, in particular 4 or

5. More preferably the fraction of primary plasticizers is from 25% to 80% and very preferably



The olefins present in an industrial mxture differ considerably in terns
of their hydrofornylation reactivity. Generally speaking, olefins with

term nal double bonds are nore reactive than olefins with internal double
bonds, and linear olefins are nore reactive than their branched
counterparts, For the case of the C4 olefins specifically, 1-butene is nore
reactive than isobutene, and isobutene Ils nore reactive than the two
2-butenes (cis and trans). This difference in reactivity can be utilized in
order to produce a high proportion of products which 16 have conme about

t hrough f@hmonsdo THdbohakayl ati on; in other words, 1-butene should be
converted principally into val eral dehyde and not 2-nethyl butanal, isobutene
shoul d be converted into 3-nethyl butanal and not 2, 2-di net hyl propanal , and
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in the figei%beaediser and isobutene primarily in the second. In the two

reactors the sane catalysts or different catal ysts can be used. If the sane’
catal ysts are used a joint catalyst workup procedure is possible.

As well as the stated constituents, the composition of the invention may contain further
constituents, in particular, for example, further plasticizers, fillers, pigments, stabilizers, co-
stabilizers such as epoxidized soybean oil, for example, lubricants, blowing agents, kickers,
antioxidants or biocides. Further plasticizers which may be present in the compositions of the
invention include, in particular, esters of cyclohexanedicarboxylic acid, phthalic acid or adipic

acid.



At the end of the hydrofornylation of 1-butene and parts of the isobutene
inthe first stage of process step a), as just described, the feedstock
hydr ocarbon m xture still contains the 2-butenes (if present) and, where
appropriate, isobutene, and no nore than traces of 1-butene. This m xture
can be hydrofornylated as it is using a different catal yst system or can
be hydrofornylated only after it has beEn separated into two fractions, of
whi ch one contains isobutene and the other contains the two 2-butenes.
Preferably the m xture is separated, and the isobutene-containing fraction
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The terephthalic esters used in accordance with the invention can be prepared from the



hydr ogenati on or el se separated beforehand into two or nore fractions by
distillation or by other separation nethods. In particular it may be
advant ageous to work up the hydrofornylation m xture so as to give one or
more fractions containing substantially al dehydes. The decatal yzed

hydr of ormyl ati on m xtures, or the al dehydes or al dehyde-cont ai ni ng
fractions separated off fromthemby a déparation method such as
distillation, for exanple, are hydrogenated in accordance with the

i nvention. The hydrofornyl ati on m xtures can be hydrogenated separately or
jointly. ! oR! UeRpROL rsderfvafivdshe
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or by metathesis reactions, or other industrial olefin streams, may be suitable feedstocks.




Process step c) The conversion of the feedstock al cohols obtained in
process step b) into the corresponding di ester can be acconplished by
reaction with terephthalic acid or with a derivative of terephthalic acid,
in particular a terephthalic ester. In process step c) it is preferred to
carry out esterification of terephthalic acid or transesterification of

di nethyl terephthalate with the al cohol Mobt ai ned fromstep b). 21 The
terephthalic esters of the invention can be obtained by, for exanple,
esterifying terephthalic acid with the correspondi ng al cohols. The al cohol

or al cohplectis¥isUior thdpéiftarioss, 4s @ddition ftoraffinae Bstichide AL raffinatBI sanme
time nay serve as an azeotrope fornmer for segarating off the water fornmed

in the rsteean obtpined byseprrpiing effdht yajor paxicelskbuisns E0pr wifnaie 1 — e Hhah is
exce of fromb5%to 50% .i.n rti ar. from,10% t.o .30%. of. t he.nol,ar, .
onoune. ¢ Gl e einsy Friokd aBRutea SHh S ing R LBt Gl e RO T Spich
but anol Sir%ddﬁﬁﬂh@%ﬂ!aﬁes 10 aWitk IBnBTHl@ﬂﬂ%méH a6 AitR 02 -bllex s UrtRSad v es 68&HAON

under atnospheric pressure is rélatively slow, owing to the high nelting
poi nt of rdffiratt dFf, epffidatd [IE cacirdeabtanh es coppeamals precyrsposr thebdlthdi ficudeatfo

onl y o1 | GRPHG IS oo PRGER T SR Er S GRS Roft BB GHEY “RG.
To I ncr e?lﬁtgwgtpﬁegsat & 6595} hidbeavE Aknk Peﬂfﬁﬂo@hﬁ@%&hﬁlbﬁﬁa@ﬂ\b@%ﬁcgﬁ%.s to

carry ou eactron at “an 1 ncreased pressure and henhce also at an

el evated reaction tenperature. The reaction can also be carried out

optionally with an initial deficit of alcohol. In this case tq$§f | aTDunt
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aci d, fomigsanmlte usel aghe Medstock sonmeybadnitbet eake thSuhixalrbedieaaiypl es
include tin, titanium and zirconium which nay be used as finely divided
metal s or, advantageously, in the formof their salts, oxides or soluble
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acid to the corresponding diester.

It can be advantageous if after step a) (hydroformylation) and/or b) (hydrogenation) of the
process the product mixtures obtained in these process stages are separated out into the
individual isomers. Such separation may take place thermally, for example, in particular by

means of distillation.

Process step a)

The hydroformylation of all the olefins in the feedstock mixture can taken place in one stage.
.This may be advantageous particularly wheh, in the case of propene hydroformylation, there is
only one olefinic compound in the feedstock mixture. The hydroformylation of feédstock_"

mixtures containing propene as sole olefin can be carried out in one stage under the conditions



The catal yst concentration can be varied in wide ranges and in particular
can be varied as a function of the type of catalyst. In the case of the
titani um conpounds used with preference, the catal yst concentration is
preferably fromO0.005%to 1.0% by mass, based on the reaction m xture, nore
preferably fromO0.01%to 0.5% by nass, and very preferably fromO0.01%to
0.1% by mass. The reaction tenperatures I%hen usi ng catal ysts based on
titani um or conpounds of titaniumis preferably from 160C to 270C, nore
preferably from 180 to 250C. In general the optinmumtenperatures for

car ryi ng destribbdbelosifor iheifirad stape adlé peing titacatdiyst desedbedihkse. on t he progress of
the reaction, and on the catal yst concentration. The optimum tenperatures
for each individual case can be readily deternined by neans of sinple
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difference in reactivity can be utilized in order to produce a high proportion of products which



I n anot her enbodi nent of the process of the invention the terephthalic
esters of the invention can be obtained by transesterifying a diallcyl
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Because of the | ow boiling points of the al cohols (butanols or pentanols)
used for the transesterification it can be advantageous, in order to attain
a tenperature sufficient for catalysis with nmetal catal ysts such as
tetrabutyl orthotitanate, to carry out the reaction either under increased
pressure or, initially, with a markedly substoichionetric proportion of

f eedst ock al cohol. O herw se, belom/thi%7tenperature, t he
transesterification proceeds only at a very noderate rate. |If the reaction
is carried out with a substoichionmetric proportion of feedstock al cohol to
start with, then it has proven advantageous if, after the target
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nmet hanol (approxi mately 90% of the anticipated 7 nol of nethanol) had been
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pressure of approximtely 5 hPa. When the tenperature had dropped bel ow

100C, the product was filtered via a suction filter with filter paper and
filtrati oAnaipdiopperns iré@ple some or all of the isolated isobutene fraction to the preceding, first

hydroformylation stage. In that case it may be particularly advantageous to separate off the
saturated hydrocarbons from the isobutene, which can be accomplished thermally, for
example. Following such removal of the saturated hydrocarbons it may be particularly

advantageous to recycle all of the isobutene to the preceding, first hydroformylation stage.



Exanpl e 2: Preparation of di-n-butyl terephthalate A 2-liter nultineck
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little branching is desired, it is preferréd to carry out the hydroformylation in at least two

stages. In the case of a C4 olefin mixture, the latter case implies that 1-butene and, where
appropriate, isobutene are reacted in the first reactor and the remaining olefins, optionally, in

the downstream reactor(s).

The catalyst can be separated off from the hydroformylation mixtures by known methods. In
the case of processes where the rhodium catalyst is present homogeneously in the reaction
mixture, for example, the catalyst can be separated off by distillation. In the case of reaction in
a heterogeneous phase (two liquid phases) the catalyst can be separated off by means, for
example, of phase separation (B. Cornils, W. A. Herrmann (Eds.), Applied Homogeneous

Catalysis with Organic Compounds, Vol. 1, p. 80, VCH-Verlag, 1996).

Process step b)

Following catalyst removal, the hydroformylation mixtures can either be used directly in the



Table 1: Formulas (all amounts in phr (i.e., parts by nmass per 100 parts by
mass of PVC)) Plastisol 1 (conparative) Plastisol 2 (inventive) Plastisol
3 (inventive) Vestolit B 7021 (Vestolit) 100 100 100 Vestinol 9
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hydrogenation or else separated beforehand into two or more fractions by distillation or by
other separation methods. In particular it may be advantageous to work up the
hydroformylation mixture so as to give one or more fractions containing substantially
aldehydes.

The decatalyzed hydroformylation mixtures, or the aldehydes or aldehyde-containing fractions
separated off from them by a separation method such as distillation, for example, are
hydrogenated in accordance with the invention. The hydroformylation mixtures can be
. hydrogenated separately or jointly. Hydrogenation forms the corresponding saturated alcohols
from the aldehydes. These alcohols are, for example, butanols, n-pentanol, and

2-methylbutanol and 3-methylbutanol.

The hydrogenation can be carried out using, for example, nickel, copper, copper/nickel,
copper/chromium, copper/chromium/nickel, zinc/chromium or nickel/molybdenum catalysts.
The catalysts may be unsupported, or the actively hydrogenating substances and/or their
precursors may have -been applied to supports, such as silica or alumina, for example.
Preferred catalysts which can be used in process step b), and over which the hydroformylation
mixtures can be hydrogenated, contain from 0.3% to 15% by mass each of copper and nickel
and as activators from 0.05% to 3.5% by mass of chromium, and optionally from 0.01% to
1.6% by mass, preferably from 0.02% to 1.2% by mass, of an alkali metal component on a |
support material, preferably alumina and silica. The amounts are based on the catalyst prior to
reduction. The alkali metal component is optional. The catalysts are used advantageously in a
form in which they present little flow resistance such as in the form of granules, pellets or
shaped bodies, such as tablets, cylinders, extrudates or rings. They are advantageously

activated before being used, by means of heating in a stream of hydrogen, for example.

The hydrogenation may be a gas-phase or liquid-phase hydrogenation. The hydrogenation is
carried out preferably under an overall pressure of from 0.5 to 50 MPa, more preferably from
1.5 to 10 MPa. Hydrogenation in the gas phase may also be carried out at lower pressures, in
which case correspondingly large volumes of gas are present. Where two or more

hydrogenation reactors are employed, the overall pressures in the individual reactors may be
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the same or different within the stated pressure limits. In the case of hydrogenation in liquid
phase or gaseous phase, the reaction temperatures can amount generally to from 120 to 220°C,
in particular from 140 to 180°C. Such hydrogenations are described in, for example, patent

applications DE 198 42 369 and DE 198 42 370, hereby expressly incorporated by reference.

The hydrogenation is carried out preferably in the presence of water. The water required may
be present in the feed to the reactor. It is, however, also possible to insert water into the
hydrogenation apparatus at a suitable point. In the case of gas-phase hydrogenation water is
supplied advantageously in the form of steam. One preferred hydrogenation process is that of
liquid-phase hydrogenation with the addition of water, as described in DE 100 62 448, for
example. Particular preference is given to carrying out hydrogenation with a water content of
‘from 0.05 to 10% by mass, in particular from 0.5 to 5% by mass, very particularly from 1% to

2.5% by mass. The water content here is determined in the hydrogenation discharge.

The mixtures obtained from the ‘hydrogenation can either be used directly in the esterification
 or transesterification stage or else separated into two or more fractions by distillation or using
other separation methods. In particular it can be advantageous to workup the hydrogenation
mixture in such a way as to give one or more fractions of alcohols having the same number of
catbon atoms. The distillative workup can be carried out preferably such that there is

substantial separation into the individual constituents.

If a terephthalic ester of linear feedstock alcohols is to be prepared, then the linear alcohols,
such as n-pentanol, can be separated off from the branched alcohols, such as branched

pentanols, by distillation.

Process step c)

| The conversion of the feedstock alcohols obtained in process step b) into the corresponding
diester can be accomplished by reaction with terephthalic acid or with a derivative of
terephthalic acid, in partidular a terephthalic ester. In process step c) it is preferred to carry out
esterification of terephthalic acid or transesterification of dimethyl terephthalate with the

alcohol obtained from step b).
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The terephthalic esters of the invention can be obtained by, for example, esterifying
terephthalic acid with the corresponding alcohols. The alcohol or alcohol mixture which is
used to form the ester, and which at the same time may serve as an azeotrope former for
separating off the water formed in the reaction, is used preferably in excess, more preferably
with an excess of from 5% to 50%, in particular from 10% to 30%, of the molar amount

required to form the ester.

Tn the case of esterification with butanols or pentanols, or with butanol or pentanol mixtures,
the reaction under atmospheric pressure is relatively slow, owing to the high melting point of
the terephthalic acid and the comparatively poor solubility of terephthalic acid in these
alcohols, since the temperature can be raised only slightly above the boiling point of the
alcohols or alcohol mixture. To increase the rate of esterification it may therefore ‘be
advantageous to carry out the reaction at an increased pressure and hence also at an elevated
reaction temperature. The reaction can also be carried out optionally with an initial deficit of
alcohol. In this case the full amount of alcohol (including the preferred excess where

appropriate) is added only in the course of the reaction, slowly.

Esterification . catalysts used can be acids, such as sulfuric acid, methanesulfonic acid or

p-toluenesulfonic acid, for example, or metals or compounds thereof. Suitable examples
mclude tin, t1tan1um and zirconium, which may be used as finely divided metals or,
advantageously, in the form of their salts, oxides or soluble organic compounds. The metal
catalysts are high-temperature catalysts as compared with the catalysts based on protic acidé,
and often attain their full activity only at temperatures above 180°C. It can be advantageous to
use metal catalysts of this kind based on metals or compounds thereof, since it has been found
that with these catalysts, in comparison to catalysts based on protic acids, the level of by-
products formed is lower — olefins from the alcohol employed, for example. Exemplary
representatives of metal catalysts employed with particular preference are tin powder, tin(Il)
oxide, tin(Il) oxalate, titanic esters such as tetraisopropyl orthotitanate or tetrabutyl

orthotitanate, and zirconium esters such as tetrabutyl zirconate.



Mark CZ 140 1.5 1.5 1.5 The plasticizers were conditioned to a tenperature
of 25C before being added. First of all the liquid constituents and then
the pul verul ent constituents were weighed out into a PE beaker. The m xture
was stirred in by hand using a paste spatula so that none of the powder
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the stirrer had been switched on, stirring was continued until the
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In the Z3 neasurenent system (DIN 25 mm) in accordance with the operating

The reaction temperatures when using catalysts based on titanium or compounds of titanium is

preferably from 160°C to 270°C, more preferably from 180 to 250°C.

In general the optimum temperatures for carrying out the esterification depend on the
feedstock, on the progress of the reaction, and on the catalyst concentration. The optimum
temperatures for each individual case can be readily determined by means of simple
preliminary tests. Through the use of higher temperatures it is possible to increase the reaction
rate, although this does favor side reactions, such as elimination of water from alcohols, or

formation of colored byproducts, for example.

The desired reaction temperature or the desired temperature range can be set by adapting the
pressure in the reaction vessel. In the case of low-boiling alcohols, therefore, the reaction is
carried out preférably at overpressure and in the case of higher-boiling alcohols preferably
under reduced pressure. In the present case, therefore, the esterification is carried out

preferably at an overpressure, more preferably at an overpressure of 2 to 8 bara.

To remove the water of Teaction it can be advantageous if the water is removed as an
azeotropic mixture with the alcohol by distillation from the reaction mixture. The volume of
liquid to be supplied to the reaction may be composed in whole or in part of alcohol recovered
" by working up the azeotropic distillate. It is also possible to carry out the workup at 2 later
point in time and to replace some or all of the liquid volume removed by fresh alcohol, i.e., an

alcohol held ready in a stock vessel.

The crude ester mixtures, which besides the ester(s) contain alcohol, catalyst or its follow-on

products, and, where appropriate, byproducts, can be worked up by methods which are known



29 instructions. The nmeasurement ran automatically at 25C via the
abovenentioned software. The settings were as follows: pre-shear of 100
s'a period of 60 s, during which no values were neasured downward
progression beginning at 200 s-1 and ending at O.1ldivided into a
logarithmc series with 30 steps, the duration of each point of neasurement
being 5 s. After the nmeasurenent, the da@a were processed automatically by
the software. The viscosity was. plotted as a function of the shear rate.
Each of the neasurenents was nmade after 2 h and 7 d. Between these

junctures, th ste . ) ¥ i o
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converting the catalyst into a readily filterable residue, separating off the solids, and, where
appropriate, drying. The sequence of these steps may differ according to the specific workup

method employed.

The desired ester, dialkyl ester, or mixture of esters from the reaction mixture, where
appropriate following neutralization of the batch, can optionally be separated off or
fractionated by distillation. This may be advantageous particularly in the case of products

which are solid at room temperature, such as di-3 -methylbutyl terephthalate, for example.

In another embodiment of the process of the invention the terephthalic esters of the invention
can be obtained by transesterifying a dialkyl terephthalate with a feedstock alcohol selected
from butanol, pentanol or a suitable pentanol isomer mixture. Reactants used are dialkyl
terephthalates whose alkyl radicals attached to the- oxygen atom of the ester group contain 1 to
3 carbon atoms. These radicals may be aliphatic, linear or branched, alicyclic or aromatic. One
or more methylene groups in these alkyl radicals may be substituted by oxygen. It can be
advantageous if the boiﬁng point of the alcohols on which the reactant ester is based are lower
than those of the feedstock alcohols. One preferred feedstock is dimethyl terephthalate
(DMT), which is produced industrially and is therefore available in large quantities.

The transesterification can for example be/is carried out ca’falytically, using Brensted or Lewis
acid or base catalysts for example. Irrespective of which catalyst is employed, a temperature-
dependent equilibrium is always developed between the feedstocks (dialkyl terephthalate and
feedstock alcohols) and the prddubts (inventive terephthalic ester and liberated alcohol from
the feedstock dialkyl terephthalate). In order to shift the equilibrium in favor of the inventive
terephthalic ester it can be advantageous to remove the alcohol generated by the reactant ester

from the reaction mixture by distillation.

With this embodiment of the process of the invention as well it can be advantageous to use the

alcohol in excess overall. The feedstock alcohol is used preferably in an excess of from 5% to
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50%, in particular from 10% to 30%, of the molar amount required to form the dialkyl

terephthalate of the invention.

Transesterification catalysts used can be acids, such as sulfuric acid, methanesulfonic acid or
p-toluenesulfonic acid, for example, or metals or compounds thereof. Suitable examples of
metals or compounds thereof include tin, titanium, and zirconium, which are used as finely
divided metals or, advantageously, in the form of their salts, oxides or soluble organic
compounds. The metal catalysts are high-temperature catalysts as compared with the catalysts
based on protic acids, and often attain their full activity iny at temperatures above 180°C. It
can be advantageous to use metal catalysts of this kind based on metals or compounds thereof,
since it has been found that with these catalysts, in comparison to catalysts based on protic
acids, the level of by-products formed is lower — olefins from the alcohol employed, for
example. Exemplary representatives of metal catalysts employed with particular preference
are tin powder, tin(Il) oxide, tin(IT) oxalate, titanic esters such as tetraisopropyl orthotitanate
- or tetrabutyl orthotitanate, and zirconium esters such as tetrabutyl zirconate. Furthefmore, it is
possible to use basic catalysts, éuch as oxides, hydroxides, hydrogen carbonates, carbonates or
alkoxides of alkali metals or alkaline earth metals, for example. From this group it is preferred
to use alkoxides, such as sodium methoxide, for example. Alkoxides can also be prepared in
situ from an alkali metal and a nonanol or an isononanol mixture. Particular preference is
given to using alkoxides whose alcohol residue matches one of the alcohols involved in the

reaction.

The catalyst concentration can be varied in wide ranges and can be varied in particular as a
function of the type of cafalyst. The catalyst concentration is preferably from 0.005% to 1.0%
by mass, based on the reaction mixture. The optimum concentrations for each catalyst can be
readily determined by means of preliminary tests, and result from a tradeoff between minimal
catalyst consumption (i.€., costs) and maximum reaction rate. In the case of the ﬁarticularly
preferred tetrabutyl orthotitanate the preferred concentration, for example, is in the range from

0.05% to 1% by mass, based on the dialkyl terephthalate employed.

The transesterification is carried out preferably at a temperature from 100 to 220°C. The



8.0 Increase by a factor of 2.4 2.1 2 The viscosities of the two inventive
pl astisols are situated at a |ower |evel than that of the conparative
exanpl e. Moreover, the relative increase in viscosity is nmuch lower for the
i nventive exanples, and the storage stability, accordingly, is higher.
Exanpl e 5: Measurenent of gelling perforpance The gelling perfornmance of
the plastisols was investigated in a BoBPin CVO oscill ation visconeter
(nmeasur enent system PP20) operated with shear stress control. The foll ow ng
paraneters were set: :

temperature level selected is with particular preference such that the alcohol formed from the
reactant ester can be removed from the reaction mixture by distillation under the prevailing

pressure, preferably elevated pressure.

Because of the low boiling points of the alcohols (butanols or pentanols) used for the
transesterification it can be advantageous, in order to attain a temperature sufficient for
catalysis with metal catalysts such as tetrabutyl orthotitanate, to carry out the reaction either
under increased pressure or, initially, with a markedly substoichiometric proportion of
feedstock alcohol. Otherwise, below this temperature, the transesterification proceeds only at

a very moderate rate.

If the reaction is carried out With a substoichiometric proportion of feedstock alcohol to start
with, then it has proven advantageous if, after the target temperature has been reached, the
remaining alcohol is added at a slow rate such that the temperature of the reaction mixture,
measured in the liquid phase, does not fall below said target temperature. The preferred target
temperature in the case of the transesterification of DMT with butanol or pentanols or

pentanol mixtures is at least 160°C, preferably more than 180°C.

The transesterification mixtures can be worked up in exactly the same way as described for

the esterification mixtures.

The examples which follow are intended to illustrate the invention without restricting the

scope of its application as is apparent from the description and from the claims.

Example 1: Preparation of di-n-pentyl terephthalate |

A 2-liter multineck flask with distillation bridge and reflux divider, 20-cm packed column,
stirrer, dip tube, dropping funhel, and thermometer is charged with 679 g (3.5mol) of
dimethyl terephthalate (Oxxynova), 1.7 g of tetrabutyl orthotitanate (0.25 % by mass based on
DMT, DuPont, Tyzor TnBT) and, to start with, 200 g out of a total of 748 g (8.5 mol) of n-
pentanol (> 99% purity, FLUKA), and this initial charge is heated slowly until the DMT forms

~ a homogeneous mixture with the alcohol, at which point the stirrer is switched on. The reflux



30 Heating/cooling rate: 2C mn Tenperature after measurenent: 25C
Gscillation frequency: 2 Hz Delay time: 1 s Waiting time: 15 s Continuous
oscillation: on Automatic shear stress preset: on Shear stress at start:
0.3 Pa Required deformation: 0.002 Gap width: 0.5 nm
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divider was set so that the overhead temperature remained at a constant level of approximately
65°C (the boiling point of methanol). From a liquid-phase temperature of approximately
185°C, the remaining alcohol was slowly run in at a rate such that the temperature in the flask
did not fall below 180°C and a reflux sufficient for the distillation was maintained. The
distillate removed was analyzed by GC for the amount of methanol separated off. After a
major fraction of the methanol (approximately 90% of the anticipated 7 mol of methanol) had
been taken off, a sample was taken from the reaction flask every 30 minutes and analyzed by
GC. Transesterification was at an end when the amount of dimethyl ester and mixed ester

(methyl pentyl) in total had dropped below 0.3% by mass (approximately 8 to 9 hours).

For working up, the reflux divider was opened up completely and reduced pressure
(approximately 800 to 5 hPa) was carefully applied until the excess of alcohol had been
distilled off. This was followed by cooling to 80°C and nitrogen blanketing of the apparatus.
The acid number of the flask contents was measured in accordance with DIN EN ISO 2114
and said contents were stirred at 80°C for 30 minutes with three times the stoichiometric
amount (in relation to the acid number) of 10% strength by mass aqueous sodium hydroxide
solution. Subsequently it was heated to 160°C and an underpressure of approximately 5 to
30 hPa was applied, at which point water (8% by mass based on flask contents) was carefully
added dropwiée via the dropping funnel. By means of this procedure (cf. steam distillation)
further low boilers were separated off. Thereafter the heating was shut off and the product was
dried under a pressure of approximately 5hPa. When the temperature had dropped below
100°C, the product was filtered via a suction filter with filter paper and filtration aid (perlite).

Example 2: Preparation of di-n-butyl terephthalate

A 2-liter multineck flask with distillation bridge and reflux divider, 20-cm packed column,
stirrer, dip tube, dropping funnel, and thermometer is charged with 679 g (3.5 mol) of
dimethyl terephthalate (Oxxynova), 1.7 g of tetrabutyl orthotitanate (0.25% by mass based on
DMT, DuPont, Tyzor TnBT) and, to start with, 200 g out of a total of 629 g (8.5 mol) of n-
butanol (European Oxo, purity 99.9%), and this initial charge is heated slowly until the DMT
forms a homogeneous mixture with the alcohol, at which point the stirrer is switched on. The

reflux divider was set so that the overhead temperature remained at a comstant level of



Measur enent procedure: A spatula was used to apply a drop of the test

pl astisol (forrmulas), free fromair bubbles, to the | ower plate of the
measur enent system Care was taken here to ensure that sone plastisol was
able to exude uniformy out of the neasurenent system (not nore than about
6 mmoverall) after the system had been cl osed. The protective covering,

whi ch al so serves for thermal insulatio? was then fitted, and the

measur enent comenced. The "conpl ex viscosity" of the plastisol was plotted
as a function of the tenperature. The onset of gelling is apparent froma
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that the inventive plasticizers and the inventive plastisols prepared from

them exhi <|)rt vor <§1rgyu19,° 81% Péfﬂi}é ld?vi%r Rfa8 p(ﬁfeh&? Sup c@@xpletely and reduced pressure
(approximately 800 to 5 hPa) was carefully applied until the excess of alcohol had been
-distﬂled off. This was followed by odoling to 80°C and nitrogen blanketing of the apparatus.
The acid number of the flask contents was measured in accordance with DIN EN ISO 2114
and said contents were stirred at 80°C for 30 minutes with three times the stoichiometric
amount (in relation to the acid number) of 10% étrength by mass aqueous sodium hydroxide
solution. Subsequently it was heated to 160°C and an underpressure of approximately 5 to
30 hPa was appiied, at which point water (8% by mass based on flask contents) was carefully
added dropwise via the dropping funnel. By means of this procedure (cf. steam distillation)
further low boilers were separated off. Thereafter the heating was shut off and the product was
dried under a pressure of approximately 5 hPa. When the temperature had dropped below
100°C, the product was filtered via a suction filter with filter paper and filtration aid (perlite).

Example 3: Preparation of plastisols
The initial masses of the components used for the various plastisols 1 to 3 are apparent from

Table 1 below. -



Claims. 1. A plasticizer containing dialkyl terephthalate, wherein the

al kyl radicals have a | ongest carbon chain of at |east 4 carbon atons and
have a total nunber of carbon atons per alkyl radical of 5. 2. A

pl asticizer according to claim1, wherein nore than 60% of the al kyl

radicals are n-pentyl radicals. 3. A plasticizer according to claim1l or 2
wherei n 28 ’

Table 1: Formulas (all amounts in phr (i.e., parts by mass per 100 parts by mass of PVC))

Plastisol 1 Plastisol 2 Plastisol 3
(comparative) (inventive) (inventive)
Vestolit B 7021 100 100 100
(Vestolit)
Vestinol 9 30 30 130
(OXENO)
Diisobutyl phthalate 20
(Palatinol IC, BASF)
Di-n-butyl terephthalate 20
Di-n-pentyl terephthalate \ 20
Epoxidized soybean oil 3 3 3
Mark CZ 140 1.5 1.5 1.5

The plasticizers were conditioned to a temperature of 25°C before being added. First of all the
liquid constituents and then the pulverulent constituents were weighed out into a PE beaker.
. The mixture was stirred in by hand using a paste spatula so that none of the powder remained
unwetted. The mixing beaker was then clamped into the clamping apparatus of a dissolver
stitrer. Prior to immersion of the stirrer into the mixture, the rotary speed was set at 1800
revolutions per minute. After the stirrer had been switched on, stirring was continued until the
temperature on the digitai display of the temperature sensor reached 30.0°C. This ensured that
homogenization of the plastisol was achieved with a defined energy input. Thereafter the

temperature of the plastisol was immediately controlled to0.25.0°C.

Example 4: Measurement of plastisol viscosities and of storage stability

The viscosities of the plastisols prepared in Example 3 were measured as followé by a method
based on DIN 53 019, using the Physica DSR 4000 rheometer (Paar-Physica), which is
controlled by the associated US 200 software. |

The plastisol was again- stirred with a spatula in the stock vessel and was subjected to

measurement in the 73 measurement system (DIN 25 mm) in accordance with the operating



from70%to 99.9% of the alkyl radicals are n-pentyl radicals and from 30%
to 0.1% are nmethyl butyl radicals. 4. A plasticizer according to claima1,
wherein from85%to 98% of the alkyl radicals are n-pentyl radicals and
from1l5%to 2% are nethyl butyl radicals. 5. A plasticizer according to at

| east one of claims 1 to 4, which in addition to dial kyl terephthal ate
having a total number of carbon atoms i % he alkyl chain of 5 contains at

| east one primary plasticizer selected fromdial kyl phthal ates, trial kyl
trimellitates, dialkyl adipates, dialkyl terephthal ates, alkyl 1, 2- :
cycl Ohexai%ﬁf%&i%h?._c’i% E}k@ﬁweﬁé&%n TuRnGYiehiBhexzgretiie and exleatonsionahbiavasy
1, 4- cycl ohexanedi car boxyl ates where al kyl = al kyl radical having from8 to
10 car bonTled @mingsglare b fadiobenzoat es, and the al kyl sul foni c esters of phenol
where al kyl = alkyl radigcal having.from8 to. .22 car Pon atons, and al so

acyl at ed an@retrae pf A0LH 1oF RPERYS OLH¢ § Eggwﬁ‘&%ﬂﬂ%" 55 XS TEORFET and

glycerol g Std%xr;v%Ward progression beginning at 200 s’ and ending at 0.1s”, divided into a

logarithmic series with 30 steps, the duration of each point of measurement being 5 s.

After the measurement, the data were processed automatically by the software. The viscosity
was plotted as a function of the shear rate. Each of the measurements was made after 2 h and

7 d. Between these junctures, the paste was stored at 25°C.

Table 2 below lists the viscosity values obtained for the shear rate of 118 s after each of the

indicated storage times.

Table 2: Shear rate 118 5™ (viscosity data in Pa*s)

Plastisol 1 2 3
2h 6.1 | 4.6 4.1
7d 14.6 9.6 8.0
Increase by a factor of 24 | 2.1 2

The viscosities of the two inventive plastisols are situated at a lower level than that of the
comparative example. Moreover, the relative increase in viscosity is much lower for the

inventive examples, and the storage stability, accordingly, is higher.

Example 5: Measurement of gelling performance
The gelling performance of the plastisols was investigated in a Bohlin CVO oscillation

viscometer (measurement system PP20) operated with shear stress control.

- The following parameters were set:
Mode: Temperatﬁre gradient
Start temperature: 25°C
End temperature: 180°C



- 33 6. A plasticizer according to claimb5, wherein the fraction of prinmary
plasticizers is from20%to 99% by mass. 7. A plasticizer according to at

| east one of clainms 1 to 6, which in addition to diallcyl terephthal ates

havi ng a total nunber of carbon atons of 5 contains at |east one al kyl

benzoate where al kyl = alkyl radical having from7 to 13 carbon atons. 8. A

pl asticizer according to claim7, wheredh al kyl benzoate is isononyl
benzoat e. :

Heating/cooling rate: 2°C/min
Temperature after measurement: 25°C
Oscillation frequency: 2 Hz

Delay time: 1 s

Waiting time: 15 s

Continuous oscillation: on

Automatic shear stress preset: on
Shear stress at start: 0.3 Pa

Required deformation: 0.002

Gap width: 0.5 mm

Measurement procedure:

A spatula was used to apply a drop of the test plastisol (formulas), free from air bubbles, fo the
lower plate of the measurement system. Care was taken here to ensure that some plastisol was
able to exude uniformly out of the measurement system (not more than about 6 mm overall)
after the systerh had been closed. The protective covering, which also serves for thermal

insulation, was then fitted, and the measurement commenced.

The “complex viscosity” of the plastisol was plotted as a function of the temperature. The
onset of gelling is apparent from a sudden marked rise in complex- viscosity. The earlier the

onset of this viscosity rise, the better the gelling capability of the system.

Fig. 1 shows the section of the viscosity/temperature curve (“gelling curve”) which is relevant
for the onset of gelling in the measurements carried out in Example 5. The Y axis shows the
complex viscosities in Pa's, the X axis the temperatures in °C. The gelling curve for plastisol
1 is depicted as a continuous line, with diamonds showing the individual values. The gelling
curve for plastisol 2 is shown as a dashed line, with squares showing the individual values.
The gelling curve for plastisol 3 1.9 depicted as a dotted line, with circles showing the

individual values.

As compared with the comparative example (plastisol 1), the inventive plastisol 2 exhibits



9. A plasticizer according to claim7 or 8, which contains at |east one
primary plasticizer. 10. The use of a diallcyl terephthalate as a

pl asticizer in a conposition containing a polymer selected fromPVC, PVB,
PAMVA or honopol ynmers or copol ynmers based on et hyl ene, propyl ene, butadiene,
vinyl acetate, glycidyl actylate, glycigyl met hacryl ate, nethacryl at es,
acrylates, acrylates or nethacrylates in which attached to the oxygen atom
of the ester group there are al kyl radicals of branched or unbranched

al cohol's having fromone to ten carbon atons, or styrene, acrylonitrile or
cyclic okgfstansiall pimprovedifeihy eshicls Bahinifesied bp thenatset ithatise or therskeye being ei n
the al kyl radicals of the dialkyl,tetephthalatﬁﬁhaYg,a g%n est carbon fhain
of at | esiéuaterl efdpwenteamnsrturghdl lisdikevase 1BVENVA BIASESO! oS CHSBEASAPBRETHARLY

al kyl radical, of, from4.to 5, : r gi I i
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carbon ag@imgaRer al kyl radical of 5. 12. The use according to claim10 or

11,

It is clear overall that the inventive plasticizers and the inventive plastisols prepared from

them exhibit a very good profile of properties.



wherein nore than 60% of the alkyl radicals are n-pentyl radicals. 13. The
use according to at |least one of. clains 10 to 12, wherein from 70%to 99. 9%
of the alkyl radicals are n-pentyl radicals and from30%to 0.1%are

met hyl butyl radicals. 14. The use according to claim 13, wherein from 85%
to 98% of the alkyl radicals are n-pentyl radicals and from 15%to 2% are
nmet hyl butyl radicals. 15. The use accorédng to claim10, wherein

Claims:

1. A plasticizer containing dialky! terephthalate,
wherein _
the alkyl radicals have a longest carbon chain of at least 4 carbon atoms and have a total

number of carbon atoms per alkyl radical of 5.

2. A plasticizer according to claim 1,
wherein

more than 60% of the alkyl radicals are n-pentyl radicals.

3. A plasticizer according to claim 1 or 2,
wherein
from 70% t0 99.9% of the alkyl radicals are n-pentyl radicals and from 30% to 0.1% are
methylbutyl radicals. |

4. A plasticizer according to claim 1,
wherein
from 85% to 98% of the alkyl radicals are n-pentyl radicals and from 15% to 2% are
methylbutyl radicals. |

5. A plasticizer according to at least one of claims 1 to 4,
which _
in addition to dialkyl terephthalate having a total number of carbon atoms in the alkyl
chain of 5 contains at least ome primary plasticizer selected from dialkyl phthalates,
trialkyl  trimellitates, dialkyl adipates, dialkyl ~ terephthalates, alkyl 1,2-
cyclohexanedicarboxylates, alkyl 1,3-cyclohexanedicarboxylates, and alkyl 1,4-
oyclohexanedicarboxylates where alkyl = alkyl radical having from 8 to 10 carbon atoms,
glycol dibenzoates, and the alkylsulfonic esters of phenol where alkyl = alkyl radical
having from 8 to 22 carbon atoms, and also acylated and nonacylated trialkyl citrates,

polymer plasticizers, and glycerol esters.



the al kyl radicals of the dialkyl terephthal ate have a total nunber of
carbon atons per al kyl radical of 4. 16. A conposition containing a

pl asticizer and a pol ynmer selected from PVC, PVB, PAVA or honopol ynmers or
copol ynmers- based on et hyl ene, propyl ene, butadiene, vinyl acetate, glycidyl
acryl ate, glycidyl nethacrylate, nethacrylates, acrylates, acrylates in

whi ch attached to the oxygen atom of thé3ester group there are al kyl

radi cal s of branched or unbranched al cohols having fromone to ten carbon
atons, or styrene, acrylonitrile or cyclic olefins, wherein 35 the
conposition contains as plasticizer a dialkyl terephthalate in which the

al kyl radicals have a | ongest carbon chain of at |east 4 carbon atons and a
t ot al numniterA plassartrancatiogdo pleim &) kyl radical of from4 to 5. 17. A
conposition according to claim 16, which contains a dial kyl terephthal ate
whose al | cyl"i%#fical s have a total nunber of carbon atons per alkyl radica

of 5. the fraction of primary plasticizers is from 20% to 99% by mass.

7. A plasticizer according to at least one of claims 1 to 6,
which
in addition to dialkyl terephthalates having a total number of carbon atoms of 5 contains

at least one alkyl benzoate where alkyl = alkyl radical having from 7 to 13 carbon atoms.

8. A plasticizer according to claim 7,
wherein

alkyl benzoate is isononyl benzoate.

9. A plasticizer according to claim 7 or 8,
which

contains at least one primary plasticizer.

10. The use of a dialkyl terephthalate as a plasticizer in a composition containing a polymér
selected from PVC, PVB, PAMA or homopolymers or copolymers based on ethylene,
propylene, butadiene, vinyl acetate, glycidyl acrylate, glycidyl methacrylate,
methacrylates, acrylates, acrylates or mefhacrylates in which attached to the oxygen atom
of the ester group there are alkyl radicals of branched or unbranched alcohols having from
one to ten carbon atoms, or styrene, acrylonitrile or cyclic olefins, or in adhesives, sealing
compounds, paints or inks,
wherein .
the alkyl radicals of the dialkyl terephthalate have a longest carbon chain of at least 4

carbon atoms and have a total number of carbon atoms per alkyl radical of from 4 to 5.

11. The use according to claim 10,

wherein



18. A conposition according to claim16 or 17, which contains a dial kyl
terephthalate from 70%to 99. 9% of whose al kyl radicals are n-pentyl
radicals and from30%to 0.1% are nethyl butyl radicals, 19. A conposition
according to claim 16, which contains a dialkyl terephthal ate whose allcyl
radi cal s have a total nunber of carbon ons per alkyl radical of 4. 20. A
conposition according to any one of clas 16 to 19, which

the alkyl radicals of the dialkyl terephthalate have a total number of carbon atoms per
alkyl radical of 5. '

12. The use according to claim 10 or 11,
wherein

more than 60% of the alkyl radicals are n-pentyl radicals.

13. The use according to at least one of claims 10 to 12,
wherein | .
from 70% to 99.9% of the alkyl radicals are n-pentyl radicals and from 30% to 0.1% are
methylbutyl radicals.

14. The use according to claim 13,
wherein
from 85% fo 98% of the alkyl radicals are n-pentyl radicals and from 15% to 2% are
methylbutyl radicals.

15. The use according to claim 10,
wherein
the alkyl radicals of the dialkyl terephthalate have a total number of carbon atoms per
alkyl radical of 4.

16. A composition containing a plasticizer and a polymer selected from PVC, PVB, PAMA
or homopolymers or copolymers based on ethylene, propylene, butadiene, vinyl acetate,
glycidyl acrylate; glycidyl methacrylate, methacrylates, acrylates, acrylates in which
attached to the oxygen atom of the ester group there are alkyl radicals of branched or
unbranched alcohols having from one to ten carbon atoms, or styrene, acrylonitrile or
cyclic olefins,

wherein



contai ns suspension PVC, bulk PVC, m crosuspension PVC or emul sion PVC as
its PVC tYPe. 21. A conposition according to any one of claims 16 to 20
which contains further plasticizers, fillers, pignments, stabilizers, ’
lubricants, blow ng agents, kickers, antioxidants or biocides. 22. A
conposi tion according to any one of claj 16 to 21, which 36 is a

pl astisol, a synthetic |leather, a floortovering, an underbody seal ant, a

coated fabric, a wallcovering, a varnish, a paint, a sealing conpound, an
i nk or an adhesi ve. :

the composition contains as plasticizer a dialkyl terephthalate in which the alkyl radicals
have a longest carbon chain of at least 4 carbon atoms and a total number of carbon atoms

per alkyl radical of from 4 to 5.

17. A composition according to claim 16,
which
contains a dialkyl terephthalate whose alkyl radicals have a total number of carbon atoms

per alkyl radical of 5.

18. A composition according to claim 16 or 17,
which ,
contains a dialkyl terepﬁthalate from 70% to 99.9% of whose alkyl radicals are n-pentyl
radicals and from 30% to 0.1% are methylbutyl radicals.

19. A composition according to claim 16,
which
contains a dialkyl terephthalate whose alkyl radicals have a total number of carbon atoms

per alkyl rédical of4.

20. A composition according to any one of claims 16 to 19,
which |
contains suspension PVC, bulk PVC, microsuspension PVC or emulsion PVC as its PVC
type.

21. A composition according to any one of claims 16 to 20,
which ,
contains further plasticizers, fillers, pigments, stabilizers, lubricants, blowing agents,

kickers, antioxidants or biocides.

22. A composition according to any one of claims 16 to 21,
which



23. A process for preparing a dial kyl terephthal ate whose al kyl radicals
have a | ongest carbon chain of at |east 4 carbon atons and have a total
nunber of carbon atons per alkyl radical of from4 to 5, conprising the
steps of a) hydrofornylating C3 or C4 olefins to give C4 or G5 al dehydes,
respectively, b) hydrogenating the al dehydes obtained in step a) to the
correspondi ng al cohols, and c) reactln ghe al cohols fromb) wth
terephthalic acid or with a derivative of terephthalic acid to the
correspondi ng diester. 24. A process according to claim 23, wherein step a)

is carried B@Zpluﬁisﬂlg adymth¥tidleethef, adloekems eribg, ah lmde!bad}n&alasmmm@ﬂmi fabu¢, er

1- butene and but enes. 25. A process according to_ cl ai m 24, wherein step
a) is carriwdlleavering a veonish,agednt, § srgbog éW@P%‘PQ #1 1ok op gp afeshs; ng

hydrof ornmyl ated in one stage and 2-butenes in the other stage.

23. A process for preparing a dialkyl terephthalate whose alkyl radicals have a longest carbon
chain of at least 4 carbon atoms and have a total number of carbon atoms per alkyl radical
of from 4 to 5, comprising the steps of
a) hydroformylating Cs or C4 olefins to give C4 or Cs aldehydes, respectively,

b) hydrogenating the aldehydes obtained in step a) to the corresponding alcohols, and
¢) reacting the alcohols from b) with terephthalic acid or with a derivative of terephthalic

acid to the corresponding diester.

24, A process according to claim 23,
wherein
step a) is carried out using a mixture of olefins which contains isobutene and/or 1-butene

and 2-butenes.

25. A process according to claim 24,
wherein _
step a) is carried out in two stages, isobutene and/or 1-butene being hydroformylated in

one stage and 2-butenes in the other stage.

26. A process according to any one of claims 23 to 25,
wherein _
step b) is carried out using a catalyst which contains from 0.3% to 15% by mass each of
copper and nickel and as activators from 0.05% to 3.5% by mass of chromium and
optionally from 0.01% to 1.6% by mass of an alkali metal component on a support

material.

27. A process according to any one of claims 23 to 26,

wherein



26. A process according to any one of clains 23 to 25, wherein step b) is
carried out using a catalyst which contains from0.3%to 15% by nmass each
of copper and nickel and as activators fromO0.05%to 3.5% by mass of
chrom um and optionally fromO0.01%to 1.6% by mass of an al kali netal
conponent on a support material. 27. A process according to any one of
claims 23 to 26, wherein 37 step c) is3Carried out by esterifying
terephthalic acid or transesterifying dimethylterephthalate with the
al cohol obtained fromstep b).

step c¢) is carried out by estenfymg terephthalic acid or transesterifying

dimethylterephthalate with the alcohol obtained from step b).



